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ELEMENTS OF CHEMISTRY 




BIOGRAPHICAL NOTE 
Antoine Lavoisier, 1743-1794 


LAVOXBtER was bom in Paris, August 26, 1743. 
His father was attorney to the Parliament of 
Paris. His mother was the daughter of the sec- 
retary to the Vice-Admiral of France and heir- 
ess to a considerable fortune. 

After completing his elementary education 
Ijavoisier was sent to the College Mazarin, His 
early ambitions were literary rather than scx^ 
entific, and in 1760 he won second prize in a 
rhetorical contest. Although on leaving the 
college he went on to prepare for law, and re- 
ceived his Licentiate in 1764, he devoted him- 
self to science, studying, with well-known 
teachers of the time, mathematics, astronomy, 
botany, mineralogy, geology, and chemistry. 
He also began to conduct experiments and ob- 
servations of his own. One of the earliest was 
in meteorology; he made barometrical obser- 
vations several times daily and engaged others 
in the same pursuit with the aim of discovering 
the laws governing the weather. His zeal for 
investigation was so great that at the age of 
nineteen he decided to cut himself off from all 
social activity; he gave ill-health as an excuse 
and for several months lived in retirement on 
a diet of milk. 

His formal career as a scientist began in 1763 
when he was invited by Guettard, his teacher 
in geology, to collaborate in preparing the first 
mineralogical atlas of France. Lavoisier’s part 
of the project consisted largely of collecting 
data; he kept elaborate notebooks which indi- 
cate that he was not only amassing material 
but analysing and developing ideas for later re- 
search. ^ile engaged in this work, he entered 
the contest held by the French Academy of 
Science for the best essay on methods for light- 
ing the streets of a large city at night. The es- 
says were divided into two groups, practical 
and scientific, and while the priw was given to 
entries in the first group, Lavoisier alone was 
singled out from the second for special mention 
and a gold medal from the King. The work ^th 
Guettaxd also yidded material which Lavoisier 
worked op in the form of rntTimree to be pre- 
sented to the Academy of Science. In 1768, 


after he had presented four such papers, two 
on* hydrometry and two on gypsum, he was 
elected a member of the Academy. His 3 routh 
excited comment, and, as a friend of the family 
remarked, at the age of twenty-five he had ol> 
tained ^*a position which is usually won, with 
great diffic^ty, by men past their fiftieth year.” 

Desirous of securing a larger income for re- 
search, Lavoisier, shortly after his nomination 
to the Academy, bought an interest in the 
Feme, an association of financiers who had the 
privilege of collecting the national taxes in re- 
turn for a fixed annual sum paid in advance to 
the Government. His friends at the Academy 
did not entirely approve of this association, 
but it did provide him with the money he 
sought, and it also made him acquainted with 
Farmer-General Paulze, whose daughter he 
married in 1771. 

Lavoisier entered further into public life 
when the Government took over the manufac- 
ture of gunpowder. Upon his suggestion, Tur- 
got, Minister of the Treasury, canceled the 
private production of gunpowder and estab- 
lished the Rigie dee paudres, a four-man admin- 
istrative committee headed by Lavoisier. 
With this appointment he was assigned a house 
at the Arsenal, where with his own funds he 
established a fully-equipped laboratory, which 
he made available to all scientists mterested in 
his work. As his scientific fame increased, the 
laboratory became a meeting place for promi- 
nent scientists, and among his guests he num- 
bered Priestley, Franklin, Watt, Tennant, and 
Arthur Young. Lavoisier always retained an 
mterest in younger scientists, providing finan- 
cial assistance for many and making laboratory 
assistants of others, among wham was tiie Du- 
pont who later went to America and fouiuled 
tixe munitions firm. 

Althouj^ occupied with many practical cox^ 
cems in connection with the Feme and the 
Rigie dee jmtdree, Lavoisier reserved six hoxm 
aday, from sk to nine in the morning and from 
seven to ten at ni^t, for his scientific work, 
and one full day each week for 
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His wife, who was fourteen at the time of her 
marriage, became an active partner in his re- 
search. She assisted in the laboratory, learned 
English so as to translate the techniciil works 
of Priestley and Cavendish, and drew the iUus- 
trations for the Traiti Elinmtaire de Chimie 
(1789). He also engaged in many works of phil- 
anthropic nature, starting a model farm to 
demonstrate the advantages of scientific agri- 
culture, and planning the establishment of sav- 
ings banks, insurance societies, canals, and work 
houses for improving the conditions of the com- 
munity. 

When theRevolution occurred, Lavoisier had 
long been a national figure. He was Director of 
the Academy of Sciences, deputy to the States- 
General of 1789, and a prominent member of 
the club founded to promote the cause of con- 
stitutional monarchy. For some years after 


1789 Lavoisier continued to work as secretary 
and treasurer of the commission to secure uni- 
formity of weights and measures. In 1791 he 
was made a mmnber of the co mmis sion on arts 
and professions ; his report for this commisaon, 
Riflexiona m ^instruction jmblique (1793), 
presented a detailed scheme for public free ed- 
ucation. But almost from the beginning of the 
Revolution, Lavoisier had been under suspi- 
cion because of his association with the Perm 
and R6gie des poudres, and from early 1791 he 
was suhjpcted to vitriolic attack from Marat. 
In 1794 he and the other farmers-gt^eral were 
placed on trial by the Revolutionary Tribunal 
and condemned to death. Lavoisier md his fa- 
ther-in-law were pillotined Mays, 17^,atthe 
Place de la Revolution and their bodidp thrown 
into nameless graves in the cemetery of La 
Madeleine. 
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PREFACE 


WfSM I began the following work, my only 
object was to extend and explain more fully ibe 
naemoir which I read at the public meeting of 
tiie Academy of Sciences in the month of April, 
1787, cm the necessity of reforming and com- 
pleting the nomenclature of chemistry. While 
engaged in this employment, I perceived, bet- 
ter than I had ever done before, the justice of 
the following maxims of the Abb4 de Condillac, 
in his Logic, and some other of his works. 

“We think only through the medium of 
words. — Languages are true analytical meth- 
ods.— Algebra, whidi is adapted to its purpose 
in every species of expression, in the most sim- 
ple, most exact, and best manner possible, is at 
the same time a language and an analytical 
method. — The art of reasoning is notliing more 
than a language well arranged.” 

Thus, while I thought myself employed only 
in forming a nomenclature, and while I propos- 
ed to myself nothing more than to improve the 
chemical language, my work transformed itself 
by degrees, withoutmy being able to preventit, 
into a tr^tise upon the elements pf chemistiy. 

The impossibility of separating the npmen- 
dature of a mnence from the science itself is 
owing to this, that every branch of physical 
sdeace mirst consist of tiiree things: the series 
of facts which are the objects of the sdenee, 
the ideas which represent these facts, and tite 
words by which these ideas are expressed. lilre 
tiires imprestions of the same seal, the word 
ought to produce the idea, and the idea to be a 
{ueture of ^ fact. And, as ideas are preserved 
and o(HnmuKdcated by means, of worrit neo- 
essiully ^ows that we cannot improve toe 
language any scaenoe without at; toe same 
time improvmg the sdenCe itselfi; neitoer<oan 
we, on the otoer hand, improve a soiaaoe witto 
cwti impio^iag the^langoage or nomsndaton 
whito Mongs todt. .Ebwever eeitain toe facts 
of any jHtateb may ibs andi hhweVBt.-jr»t 'toe 
ideas we may have immed of these fsetoi-fRe 


can only communicate false impresdons to 
others while we want words by which these 
may be properly expressed. 

To those who will considm H with attention, 
the first part of this treatise will afford frequent 
proofs of the titito of toe above observations. 
But as, m the conduct of my work, I have been 
obliged to observe an order of arrangement es- 
sentially differing from what has been adopted 
in any other toemicsl work yet puUished, it is 
proper that I should explain toe motives which 
have led me to do so. 

It is a maxim universally admitted in geom- 
etry, and incfeed m every branch of knowledge, 
that, in the progress of mvestigation, we shodd 
proceed from known facts to what is unknown. 
In. eady infancy, our ideas spring from our 
wants; toe sensation of want exdtes toe idea of 
the object by which it is to be gratified. In this 
manner, from a series of sensations, observar 
tions, and analyses, a succesdve train of ideas 
arises, so linked together tlmt an attentive ob- 
s^er may traoe back to a certain point the 
order and connection of the whole sum of hu- 
man knowledge. . , 

When we begin the study of any sdenee, we 
are in actuation, respecting that sdenee, simi- 
lar to that of duldren; and toe course by wfaidi 
we haveto advance is precisely toe same which 
nature follows in the fonnathm of thdr ideas. 
In a child, tbs idea is merely an effect produced 
by a eensatirm ; and, in the same manneiv in 
commencing toe stwiy of a physical sdeue^ 
we ought to ioim xw idea but what Is a necext- 
saiy C(H»eqtienee, and immediate effect, of an 
experimentor dbservatimi. Besidea^ he'^ten^ 
tors upon toe career , of sdenee is in a less ad- 
vantageous situatioatoan a diild who is ao^ 
qtiiring his fost^ideas. To toe:.duld, nature 
gives vancnreinieiioaof iect%iiiig anyisdstalui 
bemay ootBitoireq«cting,tl»sahitaiy orhurt- 
fut quafitire^toeohiectesidiltdisuinnindhki^ 
Oaienpyooeaeion fais-juiigideBtB aieeorreetod. 
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by experience; want and pain are the necessary 
consequences arising from false j udgmen t ; grat- 
ification and pleasure are produced by judging 
aright. Under such masters, we cannot fail to 
become well informed; and we soon learn to 
reason justly, when want and pain are the 
necessary consequences of a contrary conduct. 

In the study and practice of the sciences it is 
quite different; the false judgments we form 
neither affect our existence nor our welfare; 
and we are not forced by any physical neces- 
sity to correct them. Imagination, on the con- 
trary, which is ever wandering beyond the 
bounds of truth, joined to self-love and that 
self-confidence we are so apt to indulge, prompts 
us to draw conclusions which are not immedi- 
ately derived from facts; so that we become in 
some measure interested in deceiving ourselves. 
Hence, it is by no means to be wondered that, in 
the science of physics in general, men have 
often made suppositions instead of forming 
conclusions. These suppositions, handed down 
from one age to another, acquire additional 
weight from the authorities by which they are 
supported, till at last they are received, even 
by men of genius, as fundamental truths. 

The only method of preventing such errors 
from taking place, and of correcting them when 
formed, is to restrain and simplify our reason- 
ing as much as possible. This depends entirely 
upon ourselves, and the neglect of it is the only 
source of our mistakes. We must trust to noth- 
ing but facts : these are presented to us by na- 
ture and cannot deceive. We ought, in every 
instance, to submit our reasoning to the test of 
experiment and never to search for truth but 
by the natural road of experiment and observa- 
tion. Thus mathematicians obtain the solution 
of a problem by the mere arrangement of data 
and by reducing their reasoning to such simple 
^pSi to conclusions so very obvious, as never 
to lose sight of the evidence which guides them. 

Ihoroughly convinced of these truths, I have 
imposed upon myself, as a law, never to ad- 
vance but from what is known to what is un- 
known; nev^ to form any conclusion which is 
not an immediate consequence necessarily 
flowing from observation and experiment; and 
always tqjamnge the facts, and the conclu- 
aioitiB which are drawn from them, in such an 
dfdarasshall render it most easy for begpmers 


in the study of chemistry thoroughly to under- 
stand them. Hence, I have been obliged to de- 
part from the usual order of courses of lectures 
and of treatises upon chemistry, which always 
assume the first principles of the science as 
known, when the pupil or the reader should 
never be supposed to know them till they have 
been explained in subsequent lessons. In al- 
most every instance, these begin by treating of 
the elements of matter and by explaining the 
table of affinities, without considering that, in 
so doing, they must bring the principal phe- 
nomena of chemistry into view at the vfery out- 
set: they make use of terms which have not 
been defined and suppose the science to be un- 
derstood by the very persons they are only be- 
ginning to teach. It ought likewise to be con- 
sidered that very little of chemistry ckn be 
learned in a first course, which is hardly Wffi- 
cientto make the language of the science famil- 
iar to the ears or the apparatus familiar to 
the eyes. It is almost impossible to become a 
chemist in less than three or four years of con- 
stant application. 

These inconveniences are occasioned not so 
much by the nature of the subject as by* the 
method of teaching it; and, to avoid them, I 
was chiefly induced to adopt a new arrange- 
ment of chemistry, which appeared to me more 
consonant to the order of nature. I acknowl- 
edge, however, that in thus endeavouring to 
avoid difficulties of one kind I have found my- 
self involved in others of a different species, 
some of which I have not been able to remove; 
but I am persuaded that such as remain do not 
arise from the nature of the order I have 
adopted, but are rather consequences of the 
imperfection under which chemistry still la- 
bours. This science still has many chasms, 
which interrupt the series of facts and often 
render it extremely difficult to reconcile them 
with each other: it has not, like the elements 
of geometry, the advantage of being a com- 
plete science, the parts of which are all closely 
connected together: its actual progress, how- 
ever, is so rapid, and the facts, under the mod- 
em doctrine, have assumed so happy an ar- 
rani^ient that we have ground to hope, even 
in our own times, to see it approach near to the 
highest state of perfection of which it is sus- 
ceptible* 
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The rigorous law from which 1 have never 
deviated, of forming no conclusions which are 
not fully warranted by experiment, and of nev- 
er supplying the absence of facts, has prevent- 
ed me from comprehending in this work the 
branch of chemistry which treats of affinities, 
although it is perhaps the best calculated of 
any part of chemistry for being reduced into a 
completely systematic body. MM. Geoffroy, 
Gellert, Bergman, Scheele, de Morveau, Kir- 
wan, and many others, have collected a num- 
ber of particular facts upon this subject, which 
only wait for a proper arrangement; but the 
principal data are still wanting, or, at least, 
those we have are either not sufficiently de- 
fined or not sufficiently proved to become the 
foundation upon which to build so very impor- 
tant a branch of chemistry. This science of af- 
finities, or elective attractions, holds the same 
place with regard to the other branches of 
chemistry as the higher or transcendental ge- 
ometry does with respect to the simpler and 
elementary part; and I thought it improper 
to involve those simple and plain elements, 
which I flatter myself the greatest part of my 
readers will easily understand, in the obscurities 
and difficulties which still attend that other 
very useful and necessary branch of chemical 
science. 

Perhaps a sentiment of self-love may, with- 
out my perceiving it, have given additional 
force to these reflections. Mr. de Morveau is at 
present engaged in publishing the article Affin- 
ity in the Methodical Encydojmdia and I had 
more reasons than one to decline entering upon 
a work in which he is employed. 

It will, no doubt, be a matter of surprise, 
that in a treatise upon the elements of chem- 
istry there should be no chapter on the con- 
stituent and elementary parts of matter; but I 
shall take occasion, in this place, to remark 
that the fondness for reducing all the bodies in 
nature to three or four elements proceeds from 
a prejudice which has descended to us from the 
Greek philosophers. The notion of four ele- 
ments, which, by the variety of their propor- 
tions, compose all the known substances in na- 
ture, is a mere hypothesis, assumed long before 
tixe first principles of experimental philosophy 
or of chemistry had any existence. In those 
days, without possessing facts, tiiey framed 


systems; while we, who have collected facts, 
seem determined to reject them when they do 
not agree with our prejudices. The authority 
of these fathers of human philosophy still carry 
great weight, and there is reason to fear that it 
will even bear hard upon generations yet to 
come. 

It is very remarkable that, notwithstanding 
the number of philosophical chemists who have 
supported the doctrine of the four elements, 
there is not one who has not been led by the 
evidence of facts to admit a greater num^r of 
elements into their theory. The first chemists 
that wrote after the revival of letters consid- 
ered sulphur and salt elementary substances 
entering into the composition of a great num- 
ber of substances; hence, instead of four, they 
admitted the existence of six elements. Beecher 
assumes the existence of three kinds of earth, 
from the combination of which, in different 
proportions, he supposed all the varieties of 
metallic substances to be produced. Stahl gave 
a new modification to this system; and suc- 
ceeding chemists have taken the liberty to 
make or to imagine changes and additions of a 
similar nature. All these chemists were carried 
along by the influence of the genius of the age 
in which they lived, which contented itself with 
assertions without proofs; or, at least, often ad- 
mitted as proofs the slightest degrees of prob- 
ability, unsupported by that strictly rigorous 
analysis required by modern philosophy. 

All that can be said upon the number and na- 
ture of elements is, in my opinion, confined to 
discussions entirely of a metaphysical nature. 
The subject only furnishes us with indefinite 
problems, which may be solved in a thousand 
different ways, not one of which, in all proba- 
bility, is consistent with nature. 1 shall there- 
fore only add upon this subject that if by the 
term elements we mean to express those rimple 
and indivisible atoms of which matter is com- 
posed, it is extremely probable we know noth- 
ing at all about them ; but, if we apply the term 
elements, or principles of bodies, to express our 
idea of the last point which analyris is capable 
of reaching, we must admit, as elements, all the 
substances into which we are capable, by any 
means, to reduce ladies by decomposition. Not 
that we are entitled to affirm that these sub- 
stances we consider as simjde may not be com- 



4 LAVOISIER 


pouad^d of two, or even of a greater number of 
pirinoiples; but, since these principles cannot be 
separated, or rather since we have not hitherto 
discovered the means of separating them, they 
act with regard to us as simple substances, and 
we ought never to suppose them compounded 
until experiment and observation has proved 
them to be so. 

The foregoing reflections upon the progress 
of chemical ideas naturally apply to the words 
by which these ideas are to be expressed. Guid- 
ed by the work which, in the year 1787, Messrs, 
de Morveau, Berthollet, de Fourcroy, and I 
composed upon the nomenclature of chemistry, 
I have endeavoured, as much as possible, to de- 
nominate simple bodies by simple terms, and I 
was naturally led to name these first. It will be 
recollected that we were obliged to retain that 
name of any substance by which it had been 
long known in the world, and that in two cases 
only we took the liberty of making alterations; 
first, in the case of those which were but newly 
discovered and had not yet obtained names, or 
at least which had been known but for a short 
time and the names of vrhich had not yet re- 
ceived the sanction of the public; and, second- 
ly, when the names which had been adopted, 
whether by the ancients or the modems, ap- 
peared to us to express evidently false ideas, 
when they confounded the substances to which 
they were applied with others possessed of dif- 
ferent or perhaps opposite qualities. We made 
no scruple, in this case, of substituting other 
names in their room, and the greatest number 
of these were borrowed from the Greek lan- 
guage. We endeavoured to frame them in such 
a manner as to express the most general and 
the most characteristic quality of the sub- 
stances; and this was attended with the addi- 
tional advantage both of assisting the memory 
of b^inners, who find it difficult to remember 
a new word which has no meaning, and of 
accustoming them early to admit no word 
Without connecting with it some determinate 
idea. 

To those bodies which are formed by the un- 
ion of several simple substances we gave new 
names, compounded in such a manner as the 
,ilMiuie of the substances directed; but, as the 
n^nber of double combinations is already very 
Wd^derable, the only method by which we 


could avoid confumon was to divide them into 
classes. In the natural order of ideas, the name 
of the class or genus is that which expresses a 
quality common to a great number of individ- 
uals: the name of the species, on the contrary, 
expresses a quality peculicu* to ceitain individ- 
uals only. 

Thesedistinctions are not, as some may imag- 
ine, merely metaphysical, but are established 
by nature. “A child,” says the Abb4 de Con- 
dillac, '' is taught to give the name tree to the 
first one which is pointed out to him. The next 
one he sees presents the same idea, and be gives 
it the same name. This he does likewW to a 
third and a fourth, till at last the word free, 
which he first applied to an individual, Wmes 
to be employed by him as the name of a class 
or a genus, an abstract idea, which comprehends 
all trees in general. But, when he learns that all 
trees serve not the same purpose, that they do 
not all produce the same kind of fruit, he will 
soon learn to distinguish them by specific and 
particular names.” This is the logic of all the 
sciences and is naturally applied to chemistry. 

The acids, for example, are compounded of 
two substances, of the order of those which we 
consider as simple; the one constitutes acidity, 
and is common to all acids, and, from this sub- 
stance, the name of the class or the genus ought 
to be taken; the other is peculiar to each acid, 
and distinguishes it from the rest, and from this 
substance is to be taken the name of the spe- 
cies. But, in the greatest number of acids, the 
two constituent elements, the acidif 3 ring prin- 
ciple and that which it acidifies, may exist in 
different proportions, constituting all the pos- 
sible points of equilibrium or of saturation. This 
is the case in the sulphuric and the sulphurous 
acids; and these two states of the same acid we 
have marked by varying the termination of the 
specific name. 

Metallic substances which have been exposed 
to the joint action of the air and of fire lose 
their metallic lustre, increase in weight, and as- 
sume an earthy appearance. In this state, like 
the adds, they are compounded of a principle 
which is common to all and one which is pecO- 
liar to each. In the same way, tiberefore^ we 
have thought proper to class them under a 
neric name, derived from the common prinoi^ 
pie; for which purpose, weadopted the termm^ 
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idep and distinguifih th^ from each other 
by the particular name of the metal to which 
each belongs. 

Combustible substances, which in acids and 
metallic oxides are a specific and particular 
prindple, are capable of becoming, in their turn 
common principles of a great number of sub* 
stances. The sulphurous combinations have 
been long the only known ones in this kind. 
Now, however, we know, frc«n the experiments 
of Messrs. Vandermonde, Monge, and Berthol* 
let, that charcoal may be combined with iron, 
and perhaps with several other metals, and that, 
from this combination, according to the pro- 
portions, may be produced steel, plumbago, &c. 
We know likewise, from the experiments of M. 
Pelletier, that phosphorus .may be combined 
with a great number of metallic substances. 
These different combinations we have classed 
under generic names taken from the common 
substance, with a termination which marks 
this analogy, specifying them by another name 
taken from that substance which is proper 
to each. 

The nomenclature of bodies compounded of 
three simple substances was attended with still 
greater difficulty, not only on account of their 
number, but, particularly, because we cannot 
express the nature of their constituent princi- 
ples without employing more compound names. 
In the bodies which form this class, such as the 
neutral salts for instance, we had to consider, 
1st, the acidifying principle, which is common 
to them all ; 2nd, the addifiable principle which 
constitutes their peculiar acid; 3rd, the saline, 
earthy, or metallic basis, which determines the 
particular species of salt. Here we derived the 
name of each class of salts from the name of the 
acidifiable principle common to all the individ- 
uals of that class and distinguished each spe- 
cies by the name of the saline, earthy, or metal- 
lic basis, vffiich is peculiar to it. 

A salt, though compounded of the same three 
principles, may, nevertheless, by the mere dif- 
ference of thdr proportii^, be in three different 
states. The nomenclature we have adopted 
would have been defective had it not expressed 
tfaesedifferentstates; and this weattained chief* 
ly by changes of termination tmiformly applied 
to tlie Samp State of the different salts. 

In diort, we have advanced so far that frcnn 


the name alone may be instantly found what 
the combustible substance is which enters into 
any combination; whether that combustible 
substance be comlMned with the acidifying prin- 
ciple, and in what proportion ; what is the state 
of the acid; with what basis it is united; wheth- 
er the saturation be exact, or whether the acid 
or the basis be in excess. 

It may be easily supposed that it was not 
possibletoattain all these differentobjects with- 
out departing, in some instances, from estab- 
lished custom and adopting terms which at first 
sight will appear uncouth and barbarous. But 
we considered that the ear is soon habituated 
to new words, especially when they are con- 
nected with a general and rational system^ The 
names, besides, which were formerly employed, 
such as powder of cdgaroth, edltofxdembroth, pom- 
pholizy phagadenic water ^ turbWi mimral^ coUuh 
thoTt and many others, were neither less bans 
barous nor less uncommon. It required a great 
deal of practice, and no small degree of mem- 
ory, to recollect the substances to which ^ey 
were applied, much more to recollect the genus 
of combination to which they belonged. The 
names of oil of tartar per deliquium, oil of vilriol^ 
huUer of arsenic and of antimony , flowers of zinc^ 
&c. were still more improper, because they sug- 
gested false ideas: for, in the whole mineral 
kingdom, and particularly in the metallic class, 
there exist no such things as butters, oils, or 
flowers; and, in short, the substances to which 
they give these fallacious names are nothing 
less than rank poisons. 

When we published our essay on the nomenr 
clature of chemistry, we were reproached for 
having changed the language which was spok- 
en by our masters, which they distinguished by 
their authority and handed down to us. But 
those who reproach us on this account have foiv 
gotten that it was Bergman and Macquer them^ 
selves who urged us to make this reformation* 
in a letter which the learned Professor of Upp- 
sala, M. Bergman, wrote, a short time bciforb 
he died, to M. de Morveau, he bids him spare 
no improper fumes; those who are Uwrneiwill W 
wayB be bklirned, an^^ who ore tpnemnf tistB 
thus kam sooner. 

There is an ob}ection to the work which 1 am 
going to present to the puUilc, vduch is peiltapi 
better founded, that I have given no aebountt^ 
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the oi^on of those who have gone before me; 
that I have stated only my own opinion, with- 
out examining that of others. By this I have 
been prevented from doing that justice to my 
associates, and more especially to foreign chem- 
ists, which I wished to render them. But I be- 
seech the reader to consider that, if I had filled 
an elementary work with a multitude of quota- 
tions, if I had allowed myself to enter into long 
dissertations on the history of the science and 
the works of those who have studied it, I must 
have lost sight of the true object I had in view 
and produced a work the reading of which must 
have been extremely tiresome to beginners. It 
is not to the history of the science, or of the hu- 
man mind, that we are to attend in an elemen- 
tary treatise : our only aim ought to be ease and 
perspicuity and with the utmost care to keep 
everything out of view which might draw aside 
the attention of the student; it is a road which 
we should be continually rendering more 
smooth, and from which we should endeavour 
to remove every obstacle which can occasion 
delay. The sciences, from their own nature, pre- 
sent a sufficient number of difficulties, though 
we add not those which are foreign to them. 
But, besides this, chemists will easily perceive 
that, in the first part of my work, I make very 
little use of any experiments but those which 
were made by myself: if at any time I have 
adopted, without acknowledgment, the experi- 
ments or the opinions of M. Berthollet, M. 
Fourcroy, M. de la Placj, M. Monge, or, in 
general, of any of those whose principles are the 
same as my own, it is owing to this circum- 
stance, that frequent intercourse, and the hab- 
it of communicating our ideas, our observa- 
tions, and our way of thinking to each other, 
has established between us a sort of community 
of opinions in which it is often difficult for every 
one to know his own. 

The remarks I have made on the order which 
I thought myself obliged to follow in the ar- 
rangement of proofs and ideas are to be applied 
only to the first part of this work. It is the only 
one which contains the general sum of the doc- 
trine I have adopted and to which I wished to 
give a form completely elementary. 

The second part is composed chiefly of tables 
^f the nomenclature of the neutral salts. To 
these I have only added general explanations, 


the object of which was to point out the most 
simple processes for obtaining the diflferent 
kinds of known acids. This part contains noth- 
ing which I can call my own and presents only 
a very short abridgment of the results of these 
processes, extracted from the works of different 
authors. 

In the third part, I have given a description, 
in detail, of all the operations connected with 
modem chemistry. I have long thought that a 
work of this kind was much wanted, and I am 
convinced it will not be without use. The meth- 
od of perfor^ng experiments, and particularly 
those of modem chemistry, is not so generally 
known as it ought to be; and had I, in Uie dif- 
ferent Mimoirea which I have presenter to the 
Academy, been more particular in the detail of 
the manipulations of my experiments, it isbrob- 
able I should have made myself better under- 
stood, and the science might have made a more 
rapid progress. The order of the different mat- 
ters contained in this third part appeared to me 
to be almost arbitrary; and the only one I have 
observed was to class together, in each of the 
chapters of which it is composed, those opera- 
tions which are most connected with one an- 
other. I need hardly mention that this part 
could not be borrowed from any other work, 
and that, in the principal articles it contains, I 
could not derive assistance from anything but 
the experiments wliich I have made myself. 

I shall conclude this preface by transcribing, 
literally, some observations of the Abb^ de 
Condillac, which I think describe, with a good 
deal of truth, the state of chemistry at a 
period not far distant from our own. These 
observations were made on a different sub- 
ject; but they will not, on this account, have 
less force, if the application of them be thought 
just. 

“Instead of applying observation to the 
things we wished to know, we have chosen 
rather to imagine them. Advancing from one ill- 
founded supposition to another, we have at last 
bewildered ourselves amidst a multitude of er- 
rors. These errors becoming prejudices, are, of 
course, adopted as principles, and we thus be- 
wilder ourselves more and more. The method, 
too, by which we conduct our reasonings is as 
absurd; we abuse words which we do not un- 
derstand, and call this the art of reasoning. 
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When matters have been brought this length, 
when errors have been thus accumulated, there 
is but one remedy by which order can be re- 
stored to the faculty of thinking; this is to for- 
get all that we have learned, to trace back our 
ideas to their source, to follow the train in 
which they rise, and, as Bacon says, to frame 
the human understanding anew. 

“This remedy becomes the more difficult in 
proportion as we think ourselves more learned. 
Might it not be thought that works which treat- 
ed of the sciences with the utmost perspicuity, 
with great precision and order, must be under- 
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stood by everybody? The fact is, those who 
have never studied an3rthing will understand 
them better than those who have studied a 
great deal, and especially than those who have 
written a great deal.” 

At the end of the fifth chapter, the AbbS de 
Condillac adds: “But, after all, the sciences 
have made progress, because philosophers have 
applied themselves with more attention to ob- 
serve and have communicated to their lan- 
guage that precision and accuracy which they 
have employed in their observations. In cor- 
recting their language they reason better.” 




FIRST PART 


THE EOBMATION AND DECOUPOSITION OV AEBIFOBM 
FLinCDS— OF THE COMBUSTION OF SIMPLE BODIEB, 
AND THE FOBMATION OF ACIDS 


CHAPTER I 

Of the Combinatione of Cdorict and the Fomor 
tion of Elastic Aeriform Fluids or gases 

That every body, whether solid or fluid, is aug- 
mented in all its dimensions by any increase of 
its sensible heat was long ago fully established 
as a ph 3 rsical axiom, or univemal proposition, 
by the celebrated Boerhaave. Such facts as 
have been adduced for controverting the gen- 
erality of this principle offer only fallacious re- 
sults, or, at least, such as are so complicated 
with foreign circumstances as to mislead the 
judgment : but, when we separately consider the 
effects, so as to deduce each from the cause to 
which they separately belong, it is easy to per- 
ceive that the separation of particles by heat is 
a constant and general law of nature* 

When we have heated a solid body to a cer- 
tain degree and have thereby caused its parti- 
cles to separate from each other, if we allow 
the body to cool, its particles again approach 
each other in the same proportion in which 
they were separated by the increased tempera- 
ture; the body returns through the same de- 
grees of expansion which it before extended 
through; and, if it be brought back to the same 
temperature from which we set out at the com- 
mencement of the ex{)eiiment, it recovers ex- 
actly the same dimensions which it formerly oc- 
cupied. But, as we are still very far from being 
able to arrive at the degree of absolute cold, or 
deprivation of aUfaeat, beingunacquainted with 
any degree of coldness which we cannot mxp- 
pose capable of still further augmentation^ it 
Mows that we are still incapable of causing 
the ultimate particles of bodies to approacheach 
crtdier as near os is possible and, consequently, 
that the particles of all bodies do not tou^ 
each other in any state hitherto known, which, 
tbo’ a very singular conclusion, is yet impossi- 
ble to be denied. ^ 

It iasnpposed that, since the partkdes of bo- 
dies m^&us continually impelled by heat tu 


separate from each other, they would have no 
connection between themselves and, of conse^ 
quence, that there could be no solidity in na- 
ture, unless they were held together by some 
other power which tends to unite them, and, 
so to speak, to chain them together ; which pow- 
er, wlmtever be its cause or manner of opera- 
tion, we name aUraction. 

Thus the particles of ail bodies may be con- 
sidered as subjected to the action of two oppo- 
site powers, the one repulsive, the other attrac- 
tive, between which they remain in equilibrio. 
So long as the attractive force remains strong- 
er, the body must continue in a state of solid- 
ity; but if, on the contrary, heat has. so far 
removed these particles from each other as to 
place them beyond the sphere of attraction, 
tbeylose theacUiesion they beforehad with each 
other, and the body ceases to be solid. 

Water gives us a regular and constant ejt- 
amfde of these facts; whilst below xero^ of the 
French thermometer, or 32® of Fahrenheit, it 
remains solid, and is called ice. Above that do* 
gree of temperature, its particles being no long- 
er held together by reciprocal attraction, it 
becomes liquid; and, when we raise its temperar 
ture above 80® (212®), its particles, giving way 
to the repulsion caused by the heat, assume the 
state of vapour or gas, and the water is changed 
into an aeriform fluid. 

The same may be affinned of all bodies in 
nature: they are either solid or liquid, or in the 
state of elastic aeriform vapour, according to 
the proportion which takes place between the 
attractive force inherent in their particles, and 
the repulsive power of the heat acting upcm 
these; or, wfaidi amounts to the e&me tMng, in 
proportion to the degree of heat to which tibeiy 
are exposed. 

It is diflEleult to compr^end tim^ phenosih 

1 Whenever the dsdtee of ^t oedtfrs ih’lMs woik, 
it is stated by the author aoeording to Beaumtir** 
seats; The degrees within parentheses mtineebrre- 
spondent degrees of Fahrenheit*»1lSahi, added the 
translator.— Tbamsiatob. ^ ’ 
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ena, without admitting them as the effects of a 
real and material substance, or very subtile 
fluid, which, insinuating itself between the par- 
ticles of bodies, separates them from each 
other; and, even allowing the existence of this 
fluid to be hypothetical, we shall see in the se- 
quel that it explains the phenomena of nature 
in a very satisfactory manner. 

This substance, whatever it is, being the 
cause of heat, or, in other words, the sensation 
which we call warmth being caused by the ac- 
cumulation of this substance, we cannot, in 
strict language, distinguish it by the term heat; 
because the same name would then very im- 
properly express both cause and effect. For 
this reason, in the Memoir which I published 
in 1777^, I gave it the names of igneom fluid 
and matter of heat: And, since that time, in the 
work* published by M. de Morveau, M. Ber- 
thollet, M. de P ourcroy, and myself, upon the 
reformation of chemical nomenclature, we 
thought it necessary to banish all periphrastic 
expressions, which both lengthen ph3rsical lan- 
^age and render it more tedious and less dis- 
tinct, and which even frequently does not con- 
vey sufficiently just ideas of the subject in- 
tended. Wherefore, we have distinguished the 
cause of heat, or that exquisitely elastic fluid 
which produces it, by the term of caloric. Be- 
sides that this expression fulfils our object in 
the system which we have adopted, it possesses 
this further advantage, that it accords with 
every species of opinion, since, strictly speak- 
ing, we are not obliged to suppose this to be a 
real substance; it being sufficient, as will more 
clearly appear in the sequel of this work, that 
it be considered as the repulsive cause, what- 
ever that may be, which separates the particles 
of matter from each other, so that we are still 
at liberty to investigate its effects in an ab- 
stract and mathematical manner. 

In the present state of our knowledge, we 
are unable to determine whether light be a 
modification of caloric, or if caloric be, on the 
contrary, a modification of light. This, how- 
ever, is indisputable, that, in a system where 
only decided facts are admissible, and where 
we avoid, as far as possible, to suppose any 
thing to be that is not really known to exist, 
we ought provisionally to distinguish, by dis- 
tinct terms, such things as are known to 
produce different effects. We therefore distin- 
guish light from caloric; though wedo notthere- 

‘CcUeotioas of the French Academy of Seienoee 
for. that year. p. 42a 
< Chemical Namendature, 


fore deny that these have certain qualities in 
common, and that, in certain circumstances, 
they combine with other bodies almost in the 
same manner, and produce, in part, the same 
effects. 

What I have abeady said may suffice to de- 
termine the idea affixed to the word caloric; 
but there remains a more difficult attempt, 
which is to give a just conception of the man- 
ner in which caloric acts upon other bodies. 
Since this subtile matter penetrates through 
the pores of all known substances; since there 
are no vessels through which it cannot escape, 
and, consequently, as there are none which are 
capable of retaining it, we can only cofne at 
the knowledge of its properties by Effects 
which are fleeting and with difficulty ascer- 
tainable. It is in these things which we nither 
see nor feel that it is especially necessai^ to 
guard against the extravagance of our imagi- 
nation, which forever inclines to step beyona the 
bounds of truth and is with great difficulty re- 
strained within the narrow line of facts. 

We have already seen that the same body be- 
comes solid, or fluid, or aeriform, according to 
the quantity of caloric by which it is penetrat- 
ed; or, to speak more strictly, according as the 
repulsive force exerted by the caloric is equal 
to, stronger, or weaker, than the attraction of 
the particles of the body it acts upon. 

But, if these two powers only existed, bodies 
would become liquid at an indivisible degree of 
the thermometer and would almost instan- 
taneously pass from the solid state of aggrega- 
tion to that of aeriform elasticity. Thus water, 
for instance, at the veiy moment when it 
ceases to be ice, would begin to boil, and would 
be transformed into an aeriform fluid, having 
its particles scattered indefinitely through the 
surrounding space. That this does not happen 
must depend upon the action of some third 
power. The pressure of the atmosphere pre- 
vents this separation, and causes the water to 
remain in the liquid state till it be raised to 80® 
of temperature (212®) above zero of the French 
theraiometer, the quantity of caloric which it 
receives in the lowest temperature being insuf- 
ficient to overcome the pressure of the atmos- 
phere. 

Whence it appears that, without this atmos- 
pheric pressure, we should not have any per- 
manent liquid and should only be able to see 
bodies in that state of existence in the very in- 
stant of melting, as the smallest additional 
caloric would instantly separate th^ partic^les 
and dissipate Uiem throu^ the surrounding 
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medium. Besides, without this atmospheric thesurfaceof the ether; and the effects result- 


pressure we should not even have any aeriform 
fluids, strictly speaking, because the moment 
the force of attraction is overcome by the re- 
pulsive power of the caloric the particles would 
separate themselves indefinitely, having noth- 
ing to give limits to their expansion, unless 
their own gravity might collect them together, 
so as to form an atmosphere. 

Simple reflection upon the most common ex- 
periments is sufficient to evince the truth of 
these positions. They are more particularly 
proved by the following experiment, which I 
published in the Recueil de V AcadSmie for 
1777, p. 426. 

Having filled with sulphuric ether^ a small 
narrow glass vessel A (Plate vii. Fig, 17), 
standing upon its stalk P, the vessel, which is 
from twelve to fifteen lines* diameter, is to be 
covered by a wet bladder, tied round its neck 
with several turns of strong thread; for greater 
security, fix a second bladder over the first. The 
vessel should be filled in such a manner with 
the ether as not to leave the smallest portion of 
air between the liquor and the bladder. It is 
now to be placed under the recipient BCD of 
an air-pump, of which the upi)er part B ought 
to be fitted with a leathern lid, through which 
passes a wire EF, having its point F very sharp; 
and in the same receiver there ought to be 
placed the barometer GH. The whole being 
thus disposed, let the recipient be exhausted, 
and then, by pushing down the wire EF, we 
make a hole in the bladder. Immediately the 
ether begins to boil with great violence and is 
changed into an elastic aeriform fluid which 
fills the receiver. If the quantity of ether be 
sufficient to leave a few drops in the phial after 
the evaporation is finished, the elastic fluid pro- 
duced will sustain the mercury in the barom- 
eter attached to the airpump, at eight or ten 
inches in winter, and from twenty to twenty- 
five in summer. To render this experiment more 
complete, we may introduce a small thermom- 
eter into the phial A, containing the ether, which 
will descend considerably during the evapora^ 
tion. 

The only effect produced in this experiment 
is the taking away the weight of the atmos- 
phere, which, in its ordinary state, presses on 

1 As I shall afterwards give a definition, and ex- 
plain the properties of the liquor oalled ether, I shall 
only promise here, that it is a very volatile in- 
flammable liquor, having a considerably smaller 
specific gravity than water, or even spirit of wine. — 
Axttboh. , - 

* Line (from the French ligw) equals one-twelfth 
of an inch.— Epitob. 


ing from this r^noval evidently prove that, in 
the ordinary temperature of the earth, ether 
would always exist in an aeriform state, bui 
for the pressure of the atmosphere, and that 
the passing of the ether from the liquid to the 
aeriform state is accompanied by a consider- 
able lessening of heat; because, during the 
evaporation, a part of the caloric, which was 
before in a free state, or at least in eqvMi- 
brio in the surrounding bodies, combines with 
the ether and causes it to assume the aeriform 
state. 

The same experiment succeeds with all evap- 
orable fluids, such as alcohol, water, and even 
mercury with this difference, that the atmos- 
phere formed in the receiver by alcohol only 
supports the attached barometer about one 
inch in winter, and about four or five inches in 
summer; that formed by water, in the same 
situation, raises the mercury only a few lines, 
and that by quicksilver but a few fractions of 
a line. There is therefore less fiuid evaporated 
from alcohol than from ether, less from water 
than from alcohol, and still less from mercury 
than from either; consequently there is less 
caloric employed, and less cold produced, which 
quadrates exactly with the results of these 
experiments. 

Another species of experiment proves very 
evidently that the aeriform state is a modifica- 
tion of bodies dependent on the degree of tem- 
perature and on the pressure which these bod- 
ies undergo. In a Memoire read by M. de La- 
place and me to the Academy in 1777, which 
has not been printed, we have shown that, 
when ether is subjected to a pressure equal 
to twenty-eight inches of the barometer or 
about the medium pressure of the atmosphere, 
it boils at the temperature of about 32** (104*'), 
or 33® (106.25®), of the thermometer. M. de 
Luc, who has made similar experiments with 
spirit of wine, finds it boils at 67® (182.75®). 
And all the w^orld knows that water boils at 80® 
(212®). Now, boiling being only the evaporation 
of a liquid, or the moment of its passing from 
the fluid to the aeriform state, it is evident 
that, if we keep ether continually at the tem- 
perature of 33® (106.25®), and under theeom- 
mon pressure of the atmosphere, we diall have 
it always in an elastic aenform state; and that 
the same thing will happen with alcohol when 
above 67® (182.75®), and with water when 
above 80® (212®) ; all which are perfectly con- 
formable to the following experiment.* 

> Vid$ ReeueU de V Acadimie, 1780. p. S3£. 
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I filled a large vessel ABCD (Plate vix. Fig. 
m with water at 36® (110.76®), or 36® (113®); 
1 aiippose the vessel transparent, that we may 
|»6e what takes j^aoe in the experiment; and we 
can easily hold the hands in water at that tem- 
perature without : inoonvenience. Into it I 
plunged some narrow necked bottles F, G, 
which were filled with the water, after which 
they were turned up, so as to rest on their 
xhouths on the bottom of the vessel. Having 
next put some ether into a very small matrass, 
with its neck a 6 c, twice bent as in the Plate, 1 
plunged this matrass into the water so as to 
have its neck inserted into the mouth of one of 
the bottles F. Immediately upon feeling the ef- 
fects of the heat communicated to it by the 
water in the vessel ABCD it began to boil ; and 
the caloric, entering into combination with it, 
changed it into elastic aeriform fluid, with 
which I filled several bottles successively, F, 
G, Ac. 

This is not the place to enter upon the ex- 
amination of the nature and properties of this 
aeriform fluid, which is extremely inflammable ; 
but, confining myself to the object at present 
in view, without anticipating circumstances 
which I am not to suppose the reader to know, 
I shall only observe that the ether, from this 
experiment, is almost only capable of existing 
in the aeriform state in our world; for, if the 
weight of our atmosphere was only equal to 
between 20 and 24 inches of the barometer, in- 
stead of 28 inches, we should never be able to 
obtain ether in the liquid state, at least in.sum- 
mer; and the formation of ether would conse- 
quently be impossible upon mountains of a 
moderate degree of elevation, as it would be 
converted into gas immediately upon being 
produced, unless we employed recipients of ex- 
traordinary strength, together with refrigera- 
tion and compression. And, lastly, the temper- 
ature of the blood being nearly that at which 
ether passes from the liquid to the aeriform 
state, it must evaporate in the primae viae^ 
and consequently it is very probable the medi- 
cal properties of this fluid depend chiefly upon 
its mechanical effect. 

These experiments succeed better with ni- 
trous etiier, because it evaporates in a lower 
temperature than sulphuric eth^. It is more 
difficult to obtain alcohol in the aeriform state 
beeatise, as it requires 67® (182.75®) to reduce 
it to vapour, the water of the bath must be 
almost boiling, and consequently it is impos- 
sible tophingethehmidsmtoitatthattemper- 
atu^. ; 


It is evident that, if water were, used in thv. 
foregoing experiment, it would be changed ixd^ 
gas when exposed to a temperature superior to 
that at which it boils. Although thoroughly 
convinced of this, M. de Laplftce and myself 
judged it necessary to confirm it by the follow- 
ing direct experiment. We filled; a glass jar A 
(Plate VII, Fig. 5.) witii mercury, and placed 
it with its mouth downwards in a dish B, like- 
wise filled with mercury, and having intro- 
duced about two gross of water into the jar, 
which rose to the top of the mercury at CD^ 
we then plunged the whole apparatus into, an 
iron boiler, EFGH, full of boiling sea-water of 
the temperstpre of 85® (123.26®), placed upon 
the furnace GHIK. Immediately upon t^ wa- 
ter over the mercury attaining the tempera- 
ture of 80® (212®), it began to boil; and, instead 
of only filling the small space ACD, it was con- 
verted into an aeriform fluid which filleq the 
whole jar; the mercury even descended bA||[owT 
the surface of that in the dish B; and the jar 
must have been overturned if it had not been 
very thick and heavy and fixed to the dish by 
means of iron wire. Immediatdy after with- 
drawing the apparatus from the boiler, the va- 
pour in the jar began to condense, and the mer- 
cury rose to its former station; but it returned 
again to the aeriform state a few seconds after 
replacing the apparatus in the boiler. 

We have thus a certain number of sub- 
stances, which are convertible into elastic aeri^ 
form fluids by d^rees of temperature not muoli 
superior to that of our atmosphere. We shall 
afterwards find that there are, several others 
which undergo the same change in similar cir- 
cumstances, such as muriatic or marine acid, 
ammonia or volatile alkali, carbonic acid or 
fixed air, sulphurous acid, &c. All of these are 
permanently elastic in or about the mean tem- 
perature of the atmosphere and under its com- 
mon pressure. 

All these facts, which could be easily multi- 
plied if necessary, give me full right to, assume, 
as a general principle, that almost every body 
in nature is susceptible of three several states 
of existence, solid, liquid, and aeriform, and 
that th^ three' states of existence depend 
upon the quantity of qaloric combined mih 
the body. Henceforwards I iriiall express these 
elastic aeriform fluids by the generic te^ gna; 
and in each species of gas 1 shall distinguish 
between the caloric, whieh in Some measure 
serves the purpose of a solvent, tod the 
stance, which in combination with the calorie, 
forms the base of the . ' / , ^ 
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To these bases of the diSereat fseAed^ iMeh 
ate but ^tle known, we have be^ obUged to 
assign names ; these I diail point out in Chap* 
t^ IV of this worky vdien I have previously 
given an account of the j^enomena attendant 
upon the heating and cooling of bodies, and 
when I have established precise ideas concern- 
ing the composition of bur atmosph^e. 

We have already shown, that the particles 
of every substance in nature exist in a certain 
state of equilibrium, between that attraction 
whidi tends to unite and keep the particles to- 
gether and the effects of the caloric which 
tends to separate litem. HOnoethe caloric not 
only surrounds the particles of all bodies on 
every side but fills up every interval which the 
particles of bodies leave between each other. 
We may form an idea of this by supposing a 
vessel filled with small spherical leaden bullets, 
into which a quantity of fine sand is poured, 
which, insinuating into the intervals between 
the bullets, will fill up every void. The balls, in 
this comparison, are to the sand which sur- 
rounds them exactly in the same situation as 
the particles of bodies are with respect to the 
caloric; with this difference only, that the balls 
are supposed to touch each other, whereas the 
particles of bodies are not in contact, being re- 
tained at a small distance from each other by 
the caloric. 

If, instead of spherical balls, we substitute 
solid bodies of a hexahedral, octahedral, or any 
other regular figure, the capacity of the inter- 
vals between them will be lessened and conse^ 
quentiy will no longer contain the same quan- 
tity of sand. The same thing takes place, with 
respect to natural bodies; the intervals left be- 
tween their particles are not of equal capacity 
but vary in consequence of the different figures 
and magnitude of their particles^ and of the 
distance at which these particles are main- 
tained, according to the existing piroportion 
between th w inherent attraction irui the re- 
pulsive force exerted upon them by the caloric. 

In this manner we,must understand the fol- 
lowing expression, introduced by the hkiglish 
phUosophers^ who have given us the first pro- 
ideas upon this subject: tits capacity of 
6odie8/or the maUer of heat. As obm- 

panaons with Sensible objects are of great use 
in assisting us to form distmet notions of ab- 
stmiet ideas, we shsil endeavour to ilkatrate 
this by instiwoing the phenomena wirieh take 
ptaee between water and bodies wMch are^ 
wettel and p^etratcid by it^ with a few eon* 

tions*> . ^ — 


If weiimhexgeequal pieoesof different kinds 
of wood, suppose cubes of one foot each, into 
water, the fii^ gradually insinuateB itself into 
their pores and the peces of Wood are aug- 
ment^ both in wd^t and magnitude: bu^ 
eadi species of wood will imlnbe a different 
quantity of water ; the lighter and more pmous 
woods will admit a larger, the compact and 
closer grained will admit of a lesser quantity; 
for the proportional quantities of water im- 
bibed by the pieces will depend upon the na- 
ture of the constituent particles of the wood 
and upon the greater or lesser affinity suhr 
sisting between them and water. Very resinous 
wood, for instance, though it may be at the 
same time very porous, will admit but little 
water. We may therefore say that the different 
kinds of wood possess different capacities for 
receiving water; we may even determine, by 
means erf the augmentation of their wei^ts, 
what quantity of water they have actually ab- 
sorbed; but, as we are ignorant how much war 
ter they contained previous to immersion, we 
cannot determine the absolute quantity they 
contain after being taken out of the water. 

The same circumstances undoubtedly take 
place with bodies that are immersed in caloric; 
taking into consideration, however, that wati^ 
is an incompressible fluid, whereas caloric is, 
on the contrary, endowed with very great elas- 
ticity; or^ in other words, the particles of ca- 
loric have a great tendency to separate from 
each other, when forced by any other power to 
approach; this difference must of necessity oc- 
casion very considerable diversities in the re- 
sults of experiments made upon these two sub- 
stances. 

Having established these clear and simple 
propositions, it will be very easy to explain the 
ideas which ought to be affixed to the follow- 
ing expressions, which are by no means syn- 
onimous, biit possess each a strict and 
minate meaning, as in the following definitions : 

Free caloric is that which is not combined in 
any manner with any other body. But, as we 
iiveinasyston to whi^calorichasavery Strong 
adhesion, it follows tiutt we are never able to 
obtain it in the state of absolute freedom. 

Combined caloric is that which is fixed in 
bodies by affinity or elective attraction,, so as 
to lonn part of the8abstance<rf the body, even 
part of its solidity . 

^ By toe expression epedfit eoferfe of bodies 
weimdtotand toe respective quantities of ea^ 
loric iequialfefcn'mising a number of beffiea of 
the aasne wei^t to anequal degreeof 
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ture. This proportional quantity of caloric de- 
pends upon the distance between the constitu- 
ent particles of bodies and their greater or less- 
er degrees of cohesion ; and this distance, or rath- 
%r the space or void resulting from it, is, as 1 
have already observed, called the capacity of 
bodies for containing caloric. 

Heed, considered as a sensation, or, in other 
words, sensible heat, is only the effect pro- 
duced upon our sentient organs by the motion 
or passage of caloric, disengaged from the sur- 
rounding bodies* In general, we receive im- 
pressions only in consequence of motion, and 
we might establish it as an axiom that, with- 
out MOTION, THERE IS NO SENSATION. This 
general principle applies very accurately to the 
sensations of heat and cold : when we touch a 
cold body, the caloric which alwajrs tends to 
become in equilibrio in all bodies, passes from 
our hand into the body we touch, which gives 
us the feeling or sensation of cold. The direct 
contrary happens, when we touch a warm 
body, the caloric then passing from the body 
into our hand produces the sensation of heat. 
If the hand and the body touched be of the 
same temperature, or very nearly so, we re- 
ceive no impression, either of heat or cold, be- 
cause there is no motion or passage of caloric: 
and thus no sensation can take place without 
some correspondent motion to occasion it. 

When the thermometer rises, it shows that 
free caloric is entering into the surrounding 
bodies : the thermometer, which is one of these, 
receives its share in proportion to its mass and 
to the capacity which it possesses for contain- 
ing caloric. The change therefore which takes 
place upon the thermometer only announces a 
change of place of the caloric in those bodies 
of which the thermometer forms one part; it 
only indicates the portion of caloric received, 
without being a measure of the whole quantity 
disei^aged, displaced, or absorbed. 

The most simple and most exact method for 
determining this latter point is that described 
by M. de Laplace, in the Recveil de VAcaM- 
mie 1780, p. 364, a summary explanation of 
which will be found towards the conclusion of 
this work. This method consists in placing a 
body, or a combination of bodies, from which 
caloric is disengaging, in the midst of a hollow 
of ice; and the quantity of ice melted 
Imomes an exact measure Of the quantity of 
eaioxic disengaged. It is possible, by means of 
the apparatus which wo Imve caused to be con- 
stanch upon this 1^8% to determine not, as 
bMB bm footended, the capacity of bodies for 


containing heat, but the ratio of the increase 
or diminution of capacity produced by deter- 
minate degrees of temperature. It is easy with 
tibe same apparatus, by means of divers com- 
binations of experiments, to determine the 
quantity of caloric requisite for converting sol- 
id substances into liquids, and liquids into elas- 
tic aeriform fluids; and, vice versa, what quan- 
tity of caloric escapes from elastic vapours in 
changing to liquids, and what quantity escapes 
from liquids during their conversion into sol- 
ids. Perhaps, when experiments have been made 
with sufficient accuracy, we may one day be 
able to determine the proportional quantity of 
caloric necessary for producing the sevenal spe- 
cies of gases". I shall hereafter, in a separate 
chapter, give an account of the principal results 
of such experiments as have been made\upon 
this head. \ 

It remains, before finishing this article, to 
say a few words relative to the cause oft the 
elasticity of gases and of fluids in the state of 
vapour. It is by no means difficult to perceive 
that this elasticity depends upon that of ca- 
loric, which seems to be the most eminently 
elastic body in nature. Nothing is more readily 
conceived than that one body should become 
elastic by entering into combination with an- 
other body i)ossessed of that quality. We must 
allow that this is only an explanation of elastic- 
ity, by an assumption of elasticity, and that 
we thus only remove the difficulty one step 
further, and that the natme of elasticity, and 
the reason for caloric being elastic, remains 
still unexplained. Elasticity in the abstract is 
nothing more than that quality of the particles 
of bodies by which they recede from each other 
when forced together. This tendency in the 
particles of caloric to separate, takes place 
even at considerable distances. We shall be 
satisfied of this, when we consider that air is 
susceptible of undergoing great compression, 
which supposes that its particles were pre- 
viously very distant from each other; for the 
power of approaching together certainly sup- 
poses a previous distance, at least equal to the 
degree of approach. Consequently, those par- 
ticles of the air, which are already considerably 
distant from each other, tend to separate still 
farther. In fact, if we produce Boyle’s vacuum 
in a large receiver, the very last portion of air 
which remains spreads itself uniformly through 
the whole capacity of the vessel, however 
large, fills it completely throughout, and presses 
everywhere against its sides. We cannot, how* 
ever, explain this effect without supposing that 
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the particles make an effort to separate them- 
selves on every side, and we are quite ignorant 
at what distance, or what degree of rarefaction, 
this effort ceases to act. 

Here, therefore, exists a true repulsion be- 
tween the particles of elastic fluids; at least, 
circumstances take place exactly as if such a 
repulsion actually existed; and we have very 
right to conclude that the particles of 
caloric mutually repel each other, \\lien we are 
once permitted to suppose this repelling force, 
the Todionak of the formation of gases, or 
aeriform fluids becomes perfectly simple; tho’ 
we must, at the same time, allow that it is ex- 
tremely difflcult to form an accurate concep- 
tion of this repulsive force acting upon very 
minute particles placed at great distances from 
each other. 

It is, perhaps, more natural to suppose that 
the particles of caloric have a stronger mutual 
attraction than those of any other substance 
and that these latter particles are forced 
asunder in consequence of this superior attrac- 
tion between the particles of the caloric, which 
forces them between the particles of other 
bodies that they may be able to reunite with 
each other. We have somewhat analogous to 
this idea in the phenomena which occur when 
a dry sponge is dipped into water: the sponge 
swells; its particles separate from each other; 
and all its intervals are filled up by the water. 
It is evident that the sponge in the act of 
swelling, has acquired a greater capacity for 
containing water than it had when dry. But we 
cannot certainly maintain that the introduc- 
tion of water between the particles of the 
sponge has endowed them with a repulsive 
power, which tends to separate them from each 
other; on ttie contrary, the whole phenomena 
are produced by means of attractive powers; 
and these are, 1st, the gravity of the water, 
and the power which it exerts on every side, in 
common with all other fluids; 2nd, the force 
of attraction which takes place between the 
particles ctf the water, causing them to unite 
together; 3rd, tfa^ mutual attraction of the 
partides of the sponge with each other; and, 
{ostiy, the reciprocal attraction which exists 
between the particles of the sponge and those 
of the water. It is easy to understand that the 
explanation of this fact depends upon properly 
appreciating the intmisity of, and connection 
between, these several powers. It is probable 
that the separation of the particl^ of bodies, 
occasioned by caloric, depends in a rimilar 
manner upon a certain combination of differ- 


ent attractive powers, which, in confonnity 
with the impeifection of our knowledge, we 
endeavour to express by saying that caloric 
communicates a power of r^uision to the par« 
tides of bodies. 

CHAPTER II 

General Viewe Relalwe to the Formation and 
Compoaition of our Atmosphere 

These views which I have taken of the forma- 
tion of elastic aeriform fluids or gases throw 
great tight upon the original formation of the 
atmospheres of the planets and particularly 
that of our earth. We readily conceive that it 
must necessarily consist of a mixture of the 
following substances: Ist, of all bodies that are 
susceptible of evaporation, or, more strictly 
speaking, which are capable of retaining the 
state of aeriform elasticity in the temperature 
of our atmosphere, and under a pressure equal 
to that of a column of twenty-eight Inches of 
quicksilver in the barometer; and, 2nd, of all 
substances, whether liquid or solid, which are 
capable of being dissolved by this mixture of 
different gases. 

The better to determine our ideas relating to 
this subjec^t, which has not hitherto been suf- 
ficiently considered, let us, for a moment, con- 
ceive what change would take place in the var- 
ious substances which compose our earth, if its 
temperature were suddenly altered. If, for 
instance, we were suddenly transported into 
the region of the planet Mercury, where prob- 
ably the common temperature is much superior 
to that of boiling water, the water of the earth 
and all the other fluids which are susceptible of 
the gaseous state at a temperature near to 
that of boiling water, even quicksilver itself, 
would become rarified ;and all these substances 
would be changed into permanent aerifond 
fluids or gases, which would become part df 
the new atmosphere. These new species of airs 
or gases would mix with those already exist- 
ing, and certain reciprocal decompositions and 
new combinations would take place, until such 
time as all the elective attractions or aflSinities 
subsisting amongst all these new and old gase- 
ous substances had operated fully; after which, 
the elementary principles compodng these 
gases, being saturated, would remain at rest. 
We must attend to this, however, that, even 
in tile above h 3 rpothetieal situation, certain 
bounds would occur to the evaporation of tiiese 
substances, produced by that very evapora- 
tion itself; for as, in pro^rtion to the increase 
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of isttaeticfluidSi thepxosisufac^ theatoKisp^ 
n^ould be ai^^ted, as every degree of pres* 
sure tends, in some measure, to prevent evap- 
oration, and as even the most evaporaUe 
fluids can resist the operation of a very high 
temperature without evaporating, if prevented 
by a proportionally stronger compression, wa- 
ter and all other liquids being able to sustain a 
red heat in Papin's digester; we must admit 
that the new atmosphere would at last arrive 
at such a degree of weight that the water which 
had not hitherto evaporated would cease -to 
boil and, of consequence, would remain liquid; 
so that, even upon this supposition as in all 
others of the same nature, the increasing grav- 
ity of the atmosphere would find certain limits 
which it could not exceed. We might even ex- 
tend these reflections greatly further, and ex- 
amine what change might be produced in such 
situations upon stones, salts, and the greater 
part of the fusible substances which compose 
the mass of our earth. These would be softened, 
fused, and changed into fluids, &c.: but these 
speculations carry me from my object, to 
which I hasten to return. 

By a contrary supposition to the one we 
have been forming, if the earth were suddenly 
transported into a very cold region, the water 
which at present composes our seas, rivers, and 
springs, and probably the greater number of 
the fluids we are acquainted with, would be 
converted into solid mountains and hard rocks, 
at first diaphanous and homogeneous, like rock 
crystal, but which, in time, becoming mixed 
with foreign and heterogeneous substances, 
would become opaque stones of various colours. 
In this case, the air, or at least some part of the 
aeriform fluids which now compose the mass of 
our atmosphere, would doubtless lose its elas- 
ticity for want of a sufficient temperature to 
retain, it in that state: it would return to the 
liquid state of existence, and new liquids would 
be formed, of whose properties we cannot, at 
present, form the most distant idea. 

These two opposite suppositions give a dis* 
tinct proof of the following corollaries : 1st that 
solidly, Uguidiiyt and aeriform elasticity, are 
only three different states of existence of the 
same matter, or three particular modffiGations 
wMeh almost all substimces are susceptible of 
^umipgsuccessiyely, and which solely depend 
^n the degree of temperature to which they 
areexposed ;or, mother words, upon the quanti- 
ty of- caloric with which they are penetrated* 
that it is extremely probable that air is a 
, naturally exiating in a state of yapqur; 


or,aewemay better expressiti thatcHUratmos- 
{here is a compound of ah the fluids which are 
susceptible of the vaporous or permanently 
elastic state, in the usual t^perature and ,un>» 
der t^ common pressujre. 3rd, that it is not 
impossible we iinay discover, in pur atmos- 
phere, certain substances naturally very com- 
pact, even metals themselves; as a metallic 
substance, for instance, only a little more vol- 
atile than mercury, might exist in that sit- 
uation. 

Amongst the fluids with which we are ac- 
quainted, . some, as water and alcohol, are 
susceptible of mixing with each other in all pro- 
portions; wheraas others, on the contrary, as 
quicksilver, water, and oil, can only norm a 
momentary union; and, aft^ being miwd to- 
gether, separate and arrange themselves ac- 
cording to their specific gravities. The Wme 
thing ought to, or at least may, take place in 
the atmosphere. It is possible, and eVei\ ex- 
tremely probable, that, both at the first crea- 
tion and every day, gases are formed, which 
are with difficulty miscible with atmospheric 
air and are continually separating from it. If 
these gases bo specifically lighter than the gen- 
eral atmospheric mass, they must, of course, 
gather in the higher regions and form strata that 
float upon the common air. The phenomena 
which accompany igneous meteors induce me 
to believe that there exists in the upper parts of 
our atmosphere a stratum of inflammable fluid 
in contact with those strata of air which pro- 
duce the phenomena of the aurora borealis and 
other fiery meteors.— I mean hereafter to pur- 
sue this subject in a separate treatise. 

CHAPTER III 

Analysie of Atmospheric Air, and Us Divisum 
into Two Elastic Fluids; the One Fit for Res-- 
pirotion, theOtkerlncap^leof Being Bespired. 

From what has been premised, it follows that 
our atmosphere is composed of a mixture of 
every substance capable of retaining the gas- 
eous or aeriform state in tho common 
ature, and under the usual pressure whi<^ it 
experiences, These fluids constitute a maas^ in 
some measure homogene<^ extending fi^ 
the surface of the earth to the greatest h^^ 
hitherto attained, :<rf which the density 
ually decreases in the inverse ratio of the sup^ 
incumbent weight. But; as I have before-, 
served, it is posriUe that this first stratum k 
surmounted by several :other8 oonsiiting^ of 
very different, flnWs# . - 
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the elastic fluids which compose the mferior 
stiatmo of air which we inhabit. Modem chem- 
istry has made great advances in this research; 
aUnd it will appear by the following details that 
the, analysis cl atmosphericalair has been more 
rigorously determined than that of any other 
substance of the dass. iChemistry affords two 
g^ieial methods of determining the oonstitur 
ent principfos of bodies, Ihe method of analysis, 
and that of synthesis. When, for instance, by 
combining water with alcohol we form the 
specieB of liquor called, in commercial lan- 
guage, brandy or spirit of wine, we certainly 
have a right to conclude that brandy, or spirit 
of wine, is composed of alcohol combined with 
water. We can produce the same result by the 
analytical method; and in general it ought to 
be considered as , a principle in chemical science 
never to rest satisfied without both these spe- 
cies of proofs. 

We have this advantage in the analysis of 
atmospherical air, bdng able both to decom- 
pound it, and to form it anew in the most sat- 
isfactory manner. 1 shall, however, at present 
confine myself to recount such experiments as 
are most conclusive upon this head; and I may 
consider most of these as my own, having 
either first invented them or having repeated 
those of others, with the intention of analysing 
atmospherical air, in perfectly new points cff 
view, 

1 took a matrass A (Platie ii. Fig, H) of 
about 36 cubic inches capacity, having a long 
neck BCDE of six or seven lines internal diam- 
eter, and having bent the neck as in Plate IV, 
Wig, so as to allow of its being placed in the 
furnace MMNN, in such a manner that the 
extremity of its neck E might be inserted under 
a bdUr^lass FO, placed in a trough of quidr- 
silver RfiSB; I introduced four ounces of pure 
mercury into the matrass and, by means of a 
siphon, Exhausted the air in the receive FG, 
so as to raise the quicksilver to LL, and 1 caie- 
fuUy marked the height at which it stood by 
pasting on a slip of paper. Having accurately 
noted the hdght of the tbermoi&eter.and ba- 
rometer, I lifted a fire in the fumacoMMNN, 
whidi I kept up almost continuallyl duric^ 
tilrelveidays, so as to keqp the quicMlver air 
wi^rahnost at its boiling point. Nothing re- 
nMirksble toek {dace during the fi^rstday: the 
^tbou^ not brnfing,, was continually 
elutporating and CQveiedlhe.interi^eii^ d 
the ywNis drops, very tm 


ante, vdxidi, gradually augmenting to a sudl- 
cient size, f^ back into the mass at the bottom 
of the vessd. On the second day, small red 
particles beg^ to appear on the stnfaee of the 
mercury, which, during the four or five follow- 
ing da 3 rs, gradiuJly increased in size and num- 
ber, after which they ceased to increase in 
either respect. At the end of twelve days, see- 
ing that the calcination of the mercury did xK)t 
at all increase, I extinguished the fire, and al- 
lowed the vessels to cool. The bulk of air in the 
body and neck of the matrass, and in the bell- 
glasB, reduced to a medium of 28 inches of the 
baromet^ and 10^ of the thermometer, 
at Ihe commencement of the experiment was 
about 50 cubic inches. At the end of the ex- 
periment the remaining air, reduced to the 
same mediiun pressure and temp^ture, was 
only between 42 and 43 cubic inches; conse- 
quently it had lost about yi of its bulk. After- 
wards, having collected all the red particles 
formed during the experiment from the run- 
ning mercury in wluch they floated, I found 
these to amount to 45 grains. 

I was obliged to repeat this experiment seve- 
ral times, as it is difficult in one experiment 
both to preserve the whole air upon which we 
operate and to collect the whole of the red 
particles, or calx of mercury, which is formed 
during the calcination. It will often happen in 
the sequel that I shall, in this manner, ^ve in 
one detail the results of two or three experi- 
ments of the same nature. 

The air which remained after the calcination 
of the mercury in this experiment, and which 
was reduced to H of its former bulk, was no 
longer fit either for respiration or for combus- 
tion; animals being introduced into it were 
suffocated in a few seconds, and when a taper 
was plunged into it, it was extingoiriied as if it 
had been immersed into water. 

In the next place, I took the 45 grains of red 
matter formed during this experiment, which I 
put into a small glass retml}, having a proper 
apparatus for receiviz^ such liquid, or gaseous 
prodnd;, as might be extracted : having applied 
a fire to the retort m a fumac6,Iobsei^^lhat^ 
in proportion as the red matter became heated, 
inteEDsity of its colour augmented. When the 
retort was almost red hoi, the red matter be^ 
gradually, to /decrease in bulk, and a few tBinr 
utes aftmrwardSr it disappeared altogetiieri at 
the sameitime 4IH jp^ius of running meErouj^ 
were collected in the recipient, and 7 or 8 eubie 
indm tiastio fluid, greatly nmre capable of 
flliipporting both respiratfen and combu^on 
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tiian atmospherical air, were collected in Hie 
beH^glass. 

A part of this air being put into a glass tube 
of about an inch diameter showed the follow- 
ing properties: a taper burned in it with a daz- 
zling splendour and charcoal, instead of con- 
suming quietly as it does in common air, burnt 
with a flame, attended with a decrepitating 
noise, like phosphorus, and threw out such a 
brilliant light that the eyes could hardly en- 
dure it. This species of air was discovered al- 
most at the same time by M. Priestley, M. 
Scheele, and myself. M. Priestley gave it the 
name of dephlogisticated air^ M. Scheele called 
it empyreal air. At first I named it highly res- 
pirci)le air^ to which has since been substituted 
the term of vital air. We shall presently see 
what we ought to think of these denomina- 
tions. 

In reflecting upon the circumstances of this 
experiment, we readily perceive that the mer- 
cury, during its calcination, absorbs the salu- 
brious and respirable part of the air, or, to 
speak more strictly, the base of this respirable 
part; that the remaining air is a species of me- 
phitis, incapable of supporting combustion or 
respiration ; and consequently that atmospheric 
air is composed of two elastic fluids of different 
and opposite qualities. As a proof of this im- 
portant truth, if we recombine these two elastic 
fluids, which we have separately obtained in 
the above experiment, viz., the 42 cubic inches 
of mephitis, with the 8 cubic inches of respir- 
able air, we reproduce an air precisely similar 
to that of the atmosphere and possessing nearly 
the same power of supporting combustion and 
respiration, and of contribtiting to the calcina- 
tion of metals. 

Although this experiment furnishes us with 
a very simple means of obtaining the two prin- 
cipal elastic fluids which compose our atmos- 
I^ere separate from each other, yet it does not 
give us an exact idea of the proportion in which 
these two enter into its composition: for the 
attraction of mercury to the respirable part of 
die air, or rather to its base, is not sufficiently 
strong to overcome all the circumstances which 
oppose this union. These obstacles are the mu- 
tual adhesion of the two constiutent parts of 
the atmosphere for each other and the elective 
attraction which unites the base of vital air 
mih caloric; in consequence of these, when the 
calcination ends, or is at least carried as far as 
is po^ible in a determinate quantity of atmos- 
nhmc air, there still remains a portion of 
iiMpirable air united to the me{diitiS| whidi 


the mercury cannot separate* I shall after- 
wards show that, at least in our climate, 
the atmospheric air is composed of res^ 
able, and mephitic airs, in the proportion 
of 27 and 73; and I shall then discuss the 
causes of the uncertainty which still exists 
with respect to the exactness of that propor- 
tion. 

Since, during the calcination of mercury, air 
is decomposed, and the base of its respirable 
part is fixed and combined with the mercury, 
it follows, from the principles already estab- 
lished, that caloric and li^t must be disen- 
gaged during the process: but the two follow- 
ing causes p,revent us from being senpble of 
this taking place: as the calcination lasts dur- 
ing several days, the disengagement ofvcaloric 
and light, spread out in a considerable space of 
time, becomes extremely small for eacn par- 
ticular moment of that time, so as not^o be 
perceptible; and, in the next place, the opera- 
tion being carried on by means of fire in a fur- 
nace, the heat produced by the calcination it- 
self Incomes confounded with that proceeding 
from the furnace. 1 might add the respirable 
part of the air, or rather its base, in entering 
into combination with the mercury, does not 
part with all the caloric which it contained but 
still retains a part of it after forming the hew 
compound; but the discussion of this point, 
and its proofs from experiment, do not belong 
to this part of our subject. 

It is, however, easy to render this disengage- 
ment of caloric and light evident to the senses, 
by causing the decomposition of air to take 
place in a more rapid manner. And for this 
purpose, iron is excellently adapted, as it pos- 
sesses a much stronger affinity for the base of 
respirable air than mercury. The elegant ex- 
periment of M. Ingenhouz, upon the combus- 
tion of iron, is well known. Take a piece of 
fine iron wire twisted into a spiral BC (Plate 
IV, Fig, 17), fix one of its extremities B into 
the cork A, adapted to the neck of the bottle 
DEFG, and fix to the other extremity of the 
wire C a small morsel of tinder. Matters being 
thus prepared, fill the bottle DEFG with air 
deprived of its mephitic part; then light the 
tinder and introduce it quickly, with the wire 
upon which it is fixed, into the bottle which 
you stop up with the cork A, as is shown in the 
figure (17, Plate iv). The instant the tinder 
comes into contact with the vital air it begins 
to bum with great intensity; and, communi* 
eating the inflammation to the iron-wire, it too 
takes fire and bums rapidly, throwing out 
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briHiaat sparks, which fail to the bottom of Ihe 
vessel in round^ globules, which become black 
in cooling but retain a degree of metallic splen- 
dour. The iron thus burnt is more brittle even 
than glass and is easily reduced into powder, 
and is still attractable by the magnet, though 
not so powerfully as it was before combustion^ 
As M. Ingenhouz has neither examined the 
change produced on iron nor upon the air by 
this operation, I have repeated the experiment 
under different circumstances, in an apparatus 
adapted to answer my particular views, as 
follows. 

Having filled a bell-glass A (Plate i v, Fig. S) 
of about six pints measure with pure air, or the 
highly respirable part of air, I transi)orted this 
jar by means of a very flat vessel, into a quick- 
silver bath in the basin BC, and I took care to 
render the surface of the mercury perfectly dry 
both within and without the jar with blotting 
paper. I then provided a small capsule of china- 
ware D, very flat and open, in which I placed 
some small pieces of iron, turned spirally and 
arranged in such a way as seemed most favour- 
able for the combustion being communicated 
to every part. To the end of one of these pieces 
of iron was fixed a small morsel of tinder, to 
which was added about the sixteenth part of a 
grain of phosphorus, and, by raising the bell- 
glass a little, the china capsule, with its con- 
tents, were introduced into the pure air. I know 
that, by this means, some common air must 
mix with the pure air in the glass; but this, 
when it is done dexterously, is so very trifling 
as not to injure the success of the experiment. 
This being done, a part of the air is sucked out 
from the bell-glass, by means of a siphon GHI, 
so as to raise the mercury within the glass to 
EF; and, to prevent the mercury from getting 
into the siphon, a small piece of paper is twist- 
ed round its extremity. In sucking out the air, 
if the motion of the lungs only be used, 
we cannot make the mercury rise above an 
inch or an inch and a half; but, by properly 
using the muscles of the mouth, we can, with- 
out difliculty, cause it to rise six or seven 
inches. 

I next took an iron wire, (MN, Plate iv, Fig. 
16 ) properly bent for the purpose, and making 
it hot in the fire passed it through the mer- 
cury into the receiver and brought it in contact 
with the small piece of phosphorus attached to 
the tinder. The phosphorus instantly takes 
fire, which communicates to the tinder, and 
from tl^at to the iron. When the pieces have 
been properly an^nged, the whole iron burns, 


even to the last paktide, throwing out a white 
brilliant li^t simflar to that of Chinese fire- 
works. The great heat produced by this com- 
bustion melts the iron into round globules of 
different sizes, most of which fail into the china' 
cup; but some are thrown out of it and swim 
upon the surface of the mercury. At the begin- 
ning of the combustion, there is a slight aug- 
mentation in the volume of the air in the bdl- 
glass, from the dilatation caused by the heat; 
but, presently afterwards, a rapid diminution 
of the air takes place and the mercury rises in 
the glass; insomuch that, when the quantity of 
iron is sufficient, and the air operated upon is 
very pure, almost the whole air employed is 
absorbed. 

It is proper to remark in this place that, un- 
less in making experiments for the purpose bf 
discovery, it is better to be contented with 
burning a moderate quantity of iron; for, when 
this experiment is pushed too far, so as to ab- 
sorb much of the air, the cup D, which floats 
upon the quicksilver, approaches too near the 
bottom of the bell-glass; and the great heat 
produced, which is followed by a very sudden 
cooling, occasioned by the contact of the cold 
mercury, is apt to break the glass. In which 
case, the sudden fall of the column of mercury, 
which happens the moment the least flaw is 
produced in the glass, causes such a wave as 
throws a great part of the quicksilver from 
the basin. To avoid this inconvenience, and 
to ensure success to the experiment, one 
gross and a half of iron is sufficient to bum 
in a bell-glass, which holds about eight pints 
of air. The glass ought likewise to be strong, 
that it may be able to bear the weight of 
the column of mercury which it has to sup- 
port. 

By this experiment, it is not possible to de- 
termine, at one time, both the additional wei^t 
acquired by the iron, and the changes which 
have taken place in the air. If it is wished to 
ascertain what additional wei^t has been 
gained by the iron, and the proportion be- 
tween that and the air absorbed, we must 
carefully mark upon the bell-glass, with a dia- 
mond, the height of the mercury, both before 
and after the experiment. After this, the si- 
phcm GH (Plate iv, Fig, S) guaitied, as before, 
with a bit of paper, to prevent its filling with 
mercury, is to be introduced under the bell- 
glass, having the thumb placed upon the eat- 
tremity, G, of the siphon, to regulate the pasr 
sage of the air; aiul by tins means the air is 
gradually admitted, so as to let the mercury 
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{all to its level. This b^gdone, the bdl^gbss may be eaiaimned at targe and With great la- 
is to be carefully removed, the globules of dlity. 

meited iron contained in the and those Wien vmy soft and very pure iron has been 

which have been scattered about, and swim employed in this experiment, and, if the com- 

upon the mercury are to be accurately col- biistionhasbeenperformedinthepurestnes^ii^ 
lected, and the whole is to he weighed. The iron aUe or vital air, free from ait adn^tire of the 
will be found in that state called martid ethiopa noxious or mephitic part, the air whit^ remains 
by the old chemists, possesedng a degree of me- after the combustion will be found as pureas it 
tallic brilliancy, very friable, and readily re- was before; but it is difficult to find iron en- 
dhclble into powder under the hammer or with tirely free from a small portion of idiarry mat** 
a pestle and mortar. If the experiment has sue- ter, which is chiefiy abundant in steel. It is 
c^ed well, from 100 grains of iron will be ob- likewise exceedingly difficult to procure the 
tained 135 or 136 grains of etkiopa, which is an pure air perfectly free from some admixture of 
augmentation of 35 per cent. mephitis, with which it is almost always con- 

If all the attention has been paid to this ex- taminate^; Jmt this species of noxious air does 
periment which it deserves, the air will be not in the smallest degree disturb the ](esult of 
found diminished in weight exactly equal to the experiment, as it is always found at the 
what the iron has gained. Having therefore end exactly in the same proportion asWt the 
burnt 100 grains of iron, which has acquired an beginning. 

additional weight of 35 grains, the diminution I mentioned before that we have two^ ways 
of air will be found exactly 70 cubic inches; of determining the constituent parts of a^mos- 
and it will be found, in the sequel, that the pheric air, the method of analysis, and that by 
wei^t of vital air is pretty nearly half a grain synthesis. The calcination of mercury has fur- 
fur euich cubic inch; so that, in effect, the aug- nished us with an example of each of these 
mentation of weight in the one exactly coin- methods, since, after having robbed the respiiv 
cides with the loss of it in the other. able part of its base, by means of the mercury, 

I shall observe here, once for all, that, in we have restored it, so as to recompose an air 
everyexperimentof this kind, the pressure and precisely similar to that of the atmosphere, 
temperature of the air, both before and after But we can equally accomplish this synthetic 
the experiment, must be reduced, by calcula- composition of atmospheric air by borrowing 
tion, to a common standard of 10® (54.5®) of the materials of which it is composed from dif- 
the thermometer and 28 inches of the barom- ferent kingdoms of nature. We shall see here- 
eter. Towards the end of this work, the xnann^ after that when animal substances are dis- 
of performing this very necessary reduction solved in the nitric acid a great quantity of gas 
will be found accurately detailed. is disengaged, which extinguishes li^t and 

If it be required to examine the nature of the is unfit for animal respiration, being exactly 
air which remains after this experiment, we similar to the noxious or mephitic part of at- 
must operate in a somewhat different manner, mospberic air. And, if we take 73 parts, by 
After the combustion is finished, and the ves- wei^t, of this elastic fiuid, and mix it with 27 
sds have cooled, we first take out the cup, and parts of highly rei^irable air, procured from 
the burnt iron, by introducing the hand through calcined mercury, we will form an dastic fluid 
the quicksilver und^ the Ml«g)ass; we next precisely similar to atmospheric air in all its 
introduce some solution of pot^, or caixstio properties. 

alkali, or of the sulphuret of potash, or siuffi There are many other methods of s^araring 

other substance as is judged proper for exam- the respirable fronLibe noxious part the at- 
foing their action upon the residuum of air. 1 mospheric air, which cannot be ^en noticeol 
shall, in the sequel, give an account of these in this part without anticipating information 
methods of analysing air, when 1 have which properly belongs to the subsequent 
plained tihenatureoftfaesedifferentsubstances^ chaptm. The experiments already adduced 
vdiidh are only here in a manner accidentally may suffice for an elementary treatise ; and, in 
mentioiied. Alter thki. examination, so much matters of this nature, the dioice eff our 
i^termust betetintotfae^assaawffidisptaGe denees is erf far greater exmaequenee than tiiinr 
tl!mquicfadlver,andthen, bymeanaof a;dial- number, ' ^ 

bw diiffi placed bebw the b^gbss, H iato be I shall dose^his article by pdntiigout the 
removed into the obnistdn water pneumato- property wjbkh atmospheric atr, and ^all^ 
ebcKoical apparatus, where the air remaiiang kntmgases^ possess bfdiasohm 
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69^)eiwent8 of tha paiiore; M^EbuiiiBsum fooikd, 
by experiment, that a <mbb loot of atmoar 
phmio trir ffi: eapable of holding 12 grains of 
watenmwlation: other gases, as oarbonie add; 
ai^mr eapaUe of dissolving a greater quan-^ 
tity; but experiments are stiU wanting by 
wl^h to detennine their several proportions. 
This water, held in solution by gases, gives rise 
to particular phenomena in many experiments 
wfaidi require, great attention and winch has 
frequently pro^ the source of great errors to 
chemists in determining the results of thdr 
experiments. 

CHAPTER IV 

N mmctatwre o/ the Several Conalttueiii Porta of 

Atimapherie Air 

Hitherto I have been obliged to make use of 
circumlocution to express the nature of the 
several substances which constitute our at^ 
mosphere, having proviskmaily used the terms 
of reaipirable and noxtctts, or nOfHreapirable 
pMa of the air. But the investigations I rmam 
to undertake require a more direct mode of 
expression; and, havmg now endeavoured to 
give simple and distinct ideas of the different 
substances which enter into the composition of 
the atmosphere, 1 shall henceforth express 
these kteas by words equally simple. . 

The temperature of our earth being very 
near to that at which water becomes soUd and 
redpiocally changes from solid to fluid, and as 
this phenomenon takes place frequently vaaies 
our observationi it has very naturally fol* 
lowed that, in the languages of at least every 
cUmate subjected to any degree of winter, a 
term has been used for signifying water in the 
state of solidity when depri^ of its caloric. 
The same, however, has not been found necea^ 
safy with respect to wato* reduced to the state 
of vapour.];^ an additional dose of caloric; 
since tfepse persons whp do not make a partic- 
ular study of objects of this kind are still ig- 
norant tiiat water,: when in atemperature only 
a Utde above the boiling heat, is changed into 
bnielasrie’a^onn fluid, susceptible, like all 
gwm^of being received mad contamed in 
vessels ssrii presnrviUg itsigaseous form so kmg 
as j^feoimns at the tem^ature oi 8Cf (212^) 
bud under a piessurs:^^^^ 
dL 13m mercurial: ba^pmeler* As tiiis phenom* 
enot has imt bean observed, no 

fuhgs ]|nis used a pattioularftemior exppq a s ? 
ing^ter hr this state^rand the saiM t3nng 


do not evaporate in the common tesaperatum 
and imder tbe usual pressure of out abmosn 
phere; , ^ 

For similar mscms, names have not been 
given to the liquid or coneiete states of mostof 
the aeriform fluids: these vrm not known to 
arise from the combination of caloric with cer- 
tain bases; and^ as they had not been seen 
either in the liquid or solid states, their exist- 
ence, under these forms, was even unknown to 
natural philosophers. 

We have not pretended to make any altera- 
tion upon such teims as are sanctified by an? 
cient custom and, therefore, continue to use 
the words water and ice in their common aco^ 
tation. We likewise retain the word atr to ex- 
press that collection of elastic fluids which com- 
poses our atmosphere ; but we have not thought 
it necessary to preserve the same respect for 
modem terms, adopted by latter philosophers, 
having considered ourselves as at libeHy to 
reject such as appeared liable to occasion er- 
roneous ideas of the substances they are meant 
tP express, and either ^to substitute new terms, 
or to employ the old ones after modifying them 
in such a manner as to convey more determi- 
nate ideas. New words have been drawn, chiefly 
from the Greek language, in such a manner as 
to make their etymobgy convey some idea of 
what was meant.to be represented; and ^ese 
we have always endeavoured to make short 
and of such a nature as to be changeable into 
adjectives and verbs. 

Following these {xrinciples, we have, after 
M. Macquer’s example, retained the tenn pas 
employed by van Helmont, having arranged 
the numerous classes of elastic aeriform fluids 
under that name, excepting only atmospheric 
air. Gas, therefore, in ^pur nomcindature be- 
comes a generic t^, expreering the fullest 
depee of saturation in any body with caloric; 
being, in fact, a term expressive of a mode of 
exiatenoe. To distiugukh each species of gas, 
we ^ploy a socond tonn frmn tihe name of the 
base, which, saturatai with caloric, forms eadh 
particular gas. Thus, we imme, water combined 
to satutation with cdoric, so as to form an 
dastic fluid, agfUso«s p^/ e^ 
the same maimer^ the combination 

^ alcchoi with .^oric becomes aheheUo pas; 
and, fdlowing the aamov prindptes, we l^ve 
muriaihaciifaSf ainm<mlaeat#as, andsoon^ 
evCrysubstanoe susoe^ptible of hebg eombbad 
wUh calcnte, in euch a manias to assume*^ 
gsseoim or eliugic aorifim st^ 
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haire dmdy SMI tiukt the atmosphem 
air is coxiipoted of two gases, or aeriform fluids, 
one of which is capable, by respiration, of con- 
tributing to animal life, and in which metals 
Ara calcinable and combustible bodies may 
bum; the other, on the contrary, is endowed 
with directly opposite qualities; it cannot be 
breathed by animals, neither will it admit of 
the combustion of inflammable bodies, nor of 
the calcination of metals. We have given to 
the base of the former, or respirable portion of 
the air, the name of oxygen^ from ofus, addunit 
and ytlvojxatf qignor; because, in reality, one 
of the niost general properties of this base is to 
form acids by combining with many different 
substances. The union of this base with caloric 
we term oxygen gas, which is the same with 
what was formerly called pure or vital air. The 
weight of this gas, at the temperature of 10® 
(54.50®), and under a pressure equal to 28 
inches of the barometer, is half a grain for each 
cubic inch, or an ounce and a half to each 
cubic foot. 

Tbe chemical properties of the noxious por- 
tion of atmospheric air being hitherto but little 
known, we have been satisfied to derive the 
name of its base from its known quality of kill- 
ing such animals as are forced to breathe it, 
giving it the name of azote, from the Greek 
privative particle a and vita; hence the 
name of the noxious part of atmospheric air is 
azotic gas; the weiglit of which, in the same 
temperature and under the same pressure, is 
1 oz. 2 gros^ and 48 grs. to the cubic foot, or 
0.4444 of a grain to the cubic inch. We cannot 
deny that this name appears somewhat ex- 
traordinary; but this must be the case with all 
new terms, winch cannot be expected to be- 
come familiar until they have b^n some time 
in use. We long endeavoured to find a more 
proper designation without success; it was at 
propos^ to call it aUealigen gas, as, from 
the experiments of M. Bertholiet, it appears 
to enter into the composition of ammonia^ or 
Volatile alkali; but then, we have as yet no 
^roof of its making one of the constituent ele- 
kn^ts of the other alkalies; beside, it is proved 
to compose a part of the nitric acid, which 
jg^ves as good reason to have called it nitrogen. 
For these reasons, finding it necessary to reject 
any name upon systanatic principles, we Imve 
eonridered that we run no risk of mistake in 
adopting the toms of azote and osoftc gas, 
c^y express a matter of fact, or that 
liDperiiy which it possesses^ depriving such 

* Qto9 equals an oonee.— ^ 


animals as breathe it of their lives. 

I riiould anticipate subjects more properly 
reserved for the subsequent chapters were I in 
this place to enter upon the nometiclature of 
the several species of gases: it is sufficient, in 
this part of the work, to establish the prin- 
ciples upon which their denominaticms are 
founded. The principal merit of the nomen- 
clature we have adopted is that, when once 
the simple elementary substance is distin- 
guished by an appropriate term, the names of 
all its compounds derive readily, axid neces- 
sarily, from this first denomination. 

CHAPTER V 

Of the Decomposition of Oxygen Gas by.S^phur, 
Phosphorus, and Charcoal, and of the elormar 
tion of Adds in General 

In performing experiments, it is a necessary 
principle, which ought never to be deviated 
from, that they be simplified as much as pos- 
sible, and that every circumstance capable of 
rendering their results complicated be carefully 
removed. Wherefore, in the experiments which 
form the object of this chapter, we have never 
employed atmospheric air, which is not a isim- 
ple substance. It is true that the azotic gas, 
which forms a part of its mixture, appears to 
be merely passive during combustion and cal- 
cination; but, besides that it retards these 
operations very considerably, we are not cer- 
tain but it may even alter their results in some 
circumstances; for which reason I have thought 
it necessary to remove even this possible cause 
of doubt, by only making use of pure oxygen 
gas in the following experiments which show 
the effects produced by combustion in tiiat 
gas; and I shall advert to such differences as 
take place in the results of these, wh^ the 
oxygen gas, or pure vital air, is mixed, in dif- 
ferent proportions, with azotic gas. 

Having filled a bell-^ass A (Plate iv, Fig. 5), 
of between five and six pints measure, witii 
oxygen gas, I removed it from the water 
trough, where it was filled, into the quicksilver 
bath by means of a shallow glass dish slipped 
imdemeath, and having dri^ tiie mei!ciiry I 
introduced 61^ grains of Kunkel’s j^osphoms 
in two little chi^ cups, like that r^pres^ted 
at D {Fig. S), under the g^ass A; and that I 
might set fire to each of the portions of phos^ 
phorus separatoy, and to prevent the one from 
catching fire from the other, one of the dishes 
was covered with a piece of fiat i^ass; ! ivext 
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mised the qulcksilvea^ in bell**g^a^ up to 
EF| by subking out ci sufficiehi portion of the 
gas by means of the siphon 6HL Alter this, 
by vasem of the crooked iron wire (Fig. 16), 
made red hot, I set fire to the two portions of 
phosphorus successively, first burning that 
portion which was not covered with the piece 
of glass. The combustion was extremely . rapid, 
attended with a very brilliant flame and con- 
siderable disengagement of light and heat. In 
consequence of the great heat induced, the gas 
was at first much dilated, but soon after the 
mercury returned to its level and a consider- 
able absorption of gas took place; at the same 
time, the whole inside of the glass became 
covered with white light flakes of concrete 
phosphoric acid. 

At the beginning of the experiment, the 
quantity of oxygen gas, reduced, as above di- 
rected, to a common standard, amounted to 
162 cubic inches; and, after the combustion 
was finished, only 23)4 cubic inches, likewise 
reduced to the standard, remained; so that the 
quantity of oxygen gas absorbed during the 
combustion was 138^^ cubic inches, equal to 
69.375 grains. 

A part of the phosphorus remained uncon- 
gumed in the bottom of the cups, wMch being 
washed on purpose to separate the acid weighed 
about 16^ grains; so that about 45 grains of 
phosphorus had been burned: but, as it is 
hardly possible to avoid an error of one or two 
grains, I leave the quantity so far qualified. 
Hence, as nearly 45 grains of phosphorus had, 
in this experiment, united with 69.375 grains 
of oxygen, and as no gravitating matter could 
have escaped through the glass, we have a 
right to conclude that the weight of the sub- 
stance resulting from the combustion in form 
of white flakes must equal that of the phos- 
phorus and oxygen employed, which amounts 
to 114.375 grains. And we shall presently find 
that these &tkes consisted entirely of a sdid or 
concrete acid. When we reduce these weights 
to hundredth parts, it will be found that 100 
parts of phosphorus require 154 parts of oxy- 
gen for saturation and that this combination 
will produce 254 parts of concrete phosphoric 
acid, in form <rf ^te fleecy flakes. 

This experiment proves, in the most con- 
vincing mann^, that, at a certain degree of 
tempemture, oxygen possesses a stronger elec- 
tive attraction, or affinity, for phosphonw than 
for catorie; that, in consequence of this, the 
phosphorus attracts the base of oxygen gas 
firbm ttie caloric^ whidi, being set^fwe, spreads 


itself over the suirounding bodies. But, thou^ 
this experimeni'be so far perfectly conciutive, 
it is not sufficiently rigorous, as, in the appa- 
ratus described, it is impossible to ascertain 
the weight of the flakes of concrete acid which 
are formed; we can therefore only determine 
this by calculating the weights of oxygen and 
phosphorus employed; but as, in physics 
and in chemistry, it is not allowable to sup- 
pose what is capable of being ascertained by 
direct expeiMent, 1 thought it necessary to 
repeat this experiment as follows, > upon a 
larger scale and by means of a diflerent appa- 
ratus. 

1 took a large glass balloon A (Plate iv, Fig. 
4) with an opening three inches diameter, to 
which was fitted a crystal stopper ground with 
emery, and pierced with two holes for the 
tubes yyy, xxx. Before shutting the balloon 
with its stopper, 1 introduced the support BC, 
surmounted by the china cup D, containing 
150 grs. of phosphorus; the stopper was then 
fitted to the opening of the balloon, luted with 
fat lute, and covered with slips of linen spread 
with quicklime and white of eggs: when the 
lute was perfectly dry, the weight of the whole 
apparatus was determined to within a grain or 
a grain and a half. I next exhausted the balloon, 
by means of an air pump applied, to the tube 
xxx, and then introduced oxygen gas by m^ns 
of the tube yyy, having a stop-cock adapted to 
it. This kind of experiment is most readily and 
most exactly performed by means of the Hydio^ 
pneumatic machine described by M. Meus^ 
nier and me in the Reaml de VAcadhm for 
1782, page 466, and explained in the latter 
part of this work, with several important addi- 
tions and corrections since made to it by M. 
Meusnier. With this instrument we can readily 
ascertain, in thefnost exact manner, both tii^ 
quantity of oxyg^ gas introduced into the 
balloon and the quantity consumed during the 
course of the experiment. 

When all things were properly disposed, I 
set fire to the phosphorus with a burning glaseu 
The combustion was extr^ndy rapid, accom*- 
panied witii a bright flame and much heat; as 
the operation went on, large quantities of wMte 
flakes attached themselves to the mnei: surfuee 
of the ballocm, so that at last it was rendered 
quite opaque. The quantity of these flakes at 
lart begone so d>undant ^at aUboug^ iredk 
oxygen gas was. continually supplied, which 
ought to have supported the combustion, yrt 
the phosphorus was soon extingaished. Having 
allowed tiie ^apparatus to cool coiOpietitiyf t 
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empk)^, laasd wdgjied the billkm aocurat^, 
befojre it was open^, I.aext trashed, dried, md 
wagged th^ small quantity of phosi^nts ro- 
maining in the eup, on piotpose to detenmne 
the whole quantity .^ pho^horus consumed in 
the experiment; this residuum of the phos- 
phorus was of a yellow ochre oolour. It is evi- 
dent that by th^ several precautions I could 
eai^y determine, 1st, the wei^t of the phos- 
phorus consumed; 2nd, the wrig^t of the flakes 
produced by the combustion; and, 3rd, the 
wright of the oxygen which had combined with 
the phosphorus. This experiment gave veiy 
nearly the same results with the former, as it 
proved that the phosphorus, during its com- 
bustiozi, had absorbed a little more than one 
and a half its weight of oxygen; and I learned 
with more certainty that the weight of the new 
substance produced in the experiment exactly 
equalled the sum of the weights of the phos- 
l^oruB consumed and oxygen absorbed, which 
indeed was easily determinable a priori. If the 
oxygen gas employed be pure, the residuum 
after combustion is as pure as the gas em- 
ployed; this proves that nothing escapes from 
the phosphorus capable of altering the purity 
of the oxygen gas, and that the only action 
of the phosphorous is to separate the oxygen 
from Ihe caloric with which it was before 
united^ 

I mentbned above, that when any combus- 
tible body is burnt in ,a hollow sphere of loe, or 
in m apparatus properly constructed upon 
that principle, the quantity of ice melted dur- 
ing the combustion is an exact measure of the 
quantity of caloric disengaged. Upon this head, 
this Himovre given by M. de Laplace and me, 
1780, pi. 355, may be consulted. Having sub- 
mStt^ tile oombustiem of phosphmifis to this 
trial, we found that one pound of phosphorus 
a little more than 100 pounds of ke 
during its combustion. ' 

1 The \oombustioa ctf phosphorus succeeds 
eqgihUy weU in atmosph^p air as in oxyg^ 
gas, with this diSer^ce, that the combustion 
is vas% i^wer, being retarded by the large 
pnporiion of azotic gas mixed with tiie oxy- 
gen gas,, mid tiiat 0 ^ about one-fifth part of 
tbe^alr em|]loyed is absmbed, because as the 
cwygen;|^ only m absorbed the proportion of 
the azQftie beopmeasoi great toward the 
dose of t^oJ^runentiiussto put an e^d to the 
eembustion. ;,t 

, >:!t wve aiieady chown that .j^o^orus is 


white, flaky ntattor; and its •pippefletiea>4re 
entirely ak^ traiiafonnationf lf|^ 

being insoluUie in water, it becomes not only 
soluble, bi^ so groedy of moisture as toiattraet 
the humidity .of the air with aatonishiing rayid* 
Hy; by tins meansit is converted into ailiquid 
considerably more dense and of more e^iecifie 
gravity than water. . In the state of jdmtfh 
phorus before edmbustibn,. it had scarcely any 
sensible taste; by its union witii oxygen* U 
acquires an extremely sharp .and sour taste: 
iaa word, from one of the class of combustible 
bodies it is changed into an incombustible 
substance and becomes one of those bodies 
called acids. > 

This prepay of a combustible substknee to 
be converted into an acid, by the addition of 
oxygen, we shall presently find belonm to a 
great nimiber of bodies: wherefore, stri^ logic 
requires that we riiould adopt a common term 
for indicating all these opemtions whicn pro- 
duce analogous results; this is the true way>to 
simplify the study of science, as it would be 
quite impossible te bear all its specific details 
in the memory if they were not classically ar- 
ranged. For this reason, we shall diatinguisb 
this conversion of phosphorus into an add by 
its union with oxygen, and in general every 
combination of oxygen with a combustible 
substance, by the term of oxygemlion: ixom 
which 1 shall adopt the verb to oxygenate, and 
of consequence shafi say, that in oxygenating 
phosphorus we convert it into an acid. 

Sulphur is likewise a combustible body or, in 
other words, it is a> body which possesses the 
power of decomposing oxygen gas by attract- 
ing the D3^gen from the caloric with which H 
was combmed. This can very easily be proyed 
by means of experiments quite similar to those 
we have given with phosphonm; but it is Ueces- 
sajy to premise that in these operations with 
sulphur the sameaceuracy of result is not to be 
expected as with phosphorus; because the add 
whidi is formed by the combustion of .eulphmr 
is difficultly condensible^ and beoause sdj^ur 
bums with more diSpulty, and b solublBm 
the different gases. But 1: can:, safdy aSseiti 
from my ownvexperimelitB^ that sdphuiiiin 
burning absorbs oyygsit gals j that the resuming 
.add b considerably heavier tb^ the sulphur 
' burnt; its wei^t b equal to; tiie,«um of 
the wdghte the sulplm whidi hse been 
burnt and of the 03(yg^ehe(Mhed;iaiKl^ lastijr^ 
that tids add is weighty, moombustibte, 
miscible witbwateirin all pmportiteas^thelmly 
miKsertiuj^.ire^ thb headfb mim 
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are fomed by the eoiiibuittikMl 
BtaziceB; but I am prerasted from doinf ;so ia 


regard i6 the prbportiona of sulphur and of 
os^gea vMdti eater mto the eomp^um of the 
acW.; • , . ' ^ i,' 

Charcoal, which, from all our piesent knowl- 
edge regarding it, must be considered as a sim- 
ple eoit^bustible body^ has hkewise Ihe prop- 
er^ of decomposing oxygen gas by absorbing 
its base from the caloric: but the add resulting 
frolm this combustion does not condemse in tlm 
common temperature; under the pressure of 
our atmosph^e^ it remains in state of 
gas, and rec^uires a large proportion of water 
to Combine with or be dissolved in. This 
acid has^ however, all the known properties 
of other acids, though in a weaker degree, 
and combined, like them, with all the bases 
which are susceptible of forming neutral 

The combustion of charcoal in oxygen gas 
may be effected like that of phosphorus in the 
bell-glass A (Plate iv, Fig. 8) placed over mer- 
cury: but, as the heat of red hot iron is not suf- 
ficient to set fire to the charcoal, we must add 
a small morsel of tinder with a minute particle 
of phosphorus, in the same manner as directed 
in the experiment for the combustion of iron. 
A detailed account of this experiment will be 
found in the Recueil de VAcaSmie for 1781, p. 
448. By that experiment it appears that 28 
parts by weight of charcoal require 72 parts of 
oxygen for saturation and that the aeriform 
acid produced is precisely equal in weight to 
the sum of the weights of the charcoal and 
oxygen gas employed. This aeriform add was 
oafied fixed or fixable air by the chemists who 
first discovered it; they did not then know 
whether it was air resembling that of the at- 
mosphere or some other elastic fluid, vitiated 
and corrupted hy combustion; but since it is 
now asehiiiained to be an acid, formed like all 
others by the oxygenation of its peculiar 
it is obvious that the name of fixed air is qinte 
ineiiipble. 

.By. burning c^rcoal in the apparatus 
lioned, p. 24, M. de Laplace and 1 lound that 
one fb* of charcoal meltad 06 Ibe. 6 os. of ice; 
that, during the combustion, 2: ibe* 9 os. 1 grda 
10 gre. of ofcygen^werO absorbed, and that 3 
90S; l.gros lOpra.of add gasw^ foixned.'IhiB 
gas wei{^ 0.69S parts of a grain for each cubic 
m the common stande^ temperatwe and 
prejseui^ inekijfiiQciedabojve,.so that 34^242 cubic 
mdhp of add gas are pr^uhed by the 
bastion of onepQsmda^ : 

^ I nu^t multiply theseexperimentsand show 
by a numerous succession of facts that all acids 


this place by the plan which I have laidrdown. 
of proceeding only jErom facts already asoeiv 
tained to suc^ as are unknown and of xbaWinig 
my examples only from circumstances already 
explaindi. In the mean time, howevier^ ikie 
three examples above <cited may : suffice for 
giving a clear and accurate* conception of the 
manner in which adds are formed. By these it 
may be clearly imen that oxygen is an element 
common to them all wMeh constitutes thdr 
addity, and that they differ from eadi othtsr 
according to the nature of the oxygenated or 
acidified substance. We must therefore, in 
every acid, carefully distinguish between the 
aeidifiable base, wU^ch M. de Morveau calls 
the radical, and the acidifying prindple or 
oxygen. 

CHAPTER VI 

Of the Noinmclatiire of Adds in Oenerol, and 
PaHic^rly of Those Drawn from Niire and 
SeorSaU 

It becomes extreimely easy, from the principles 
laid down in the preening chapter, to establish 
a i^t^atic nomenclature for the acids: the 
word add bdng used as a generic term, each 
acid falls to be distinguished in language, /as 
in nature, by the name of its base or radical. 
Thus, we give the generic name of adds t6 the 
products of the ioombustion or oxygenation of 
phosphorus, of sulphur, and of charcoal;: and 
these products are respectively named the 
phosphoric add, the mdpkuric add, and the 
carbonic add. • - , 

There is, however, a remarkable circum- 
stance in the oxyg^iation of combustible 
bodies, and of a part of 'such* bodies as are dni- 
vertible into adds, that they are stisceptible of 
different degrees of saturation with oxygen, 
aiid that the resulting.adds, though formed by 
the union of the same elements, are possessed 
of different prop^ies, depending upon, that 
differ^ee of ^ proportion. Of this, the phosr 
phoric add,' and mom especially the sulphim^ 
furnishes us with examples^ When sulphur iis 
combined with a email proportion of osygen, 
it forms, in this firOt or lower device oxy» 
genation, a volatile aGtd> having a 
cklottn and possessed of very partieehw qualf 
itieeu By/a larger proportion of oxygen, it is 
chaiigedinto a heavy addi wltho^ 
odour^ and whtdi, by combiAatfeii sdthotbbr 
bodies, gives products quite different from 



^ LAVOISIER 


Idtosefiinmbedby thefom Inthisinstancei 
the prindples of our nomenclature seem to 
&il; and it seems difficult to derive such terms 
from the name of the acidifiable base as shall 
distinetly express these two degrees of satura- 
tion, or oxygenation, without circumlocution. 
By leSection, however, upon the subject, or 
perhaps rather from the necessity of the case, 
we have thought it allowable to express these 
varieties in the oxygenation of the acids by 
simply varying the termination of their spe- 
cific names. The volatile acid produced from 
aulphur was anciently known to Stahl under 
the name of svlphurous acid. We have pre- 
served that term for this acid from sulphur 
under-saturated with oxygen; and distinguish 
the other, or completely saturated or oxygen- 
ated acid, by the name of sulphuric acid. We 
shall therefore say, in this new chemical lan- 
guage, that sulphur, in combining with oxygen, 
is susceptible of two degrees of saturation; that 
the first or lesser degree constitutes sulphurous 
acid, which is volatile and penetrating; whilst 
the second or higher degree of saturation pro- 
duces sulphuric acid, which is fixed and inodor- 
ous. We shall adopt this difference of termina- 
tion for all the acids which assume several 
degrees of saturation. Hence we have a phos- 
phorous and a phosphoric acid, an acetous and 
an acetic acid; and so on, for others in similar 
Circumstances. 

This part of chemical science would have 
been extremely simple, and the nomenclature 
of the acids would not have been at all per- 
plexed as it is now in the old nomenclature, if 
the base or radical of each acid had been known 
when the acid itself was discovered. Thus, for 
instance, phosphorus being a known substance 
before the discovery of its acid, this latter was 
rightly distinguished by a term drawn from 
the name of its acidifiable base. But when, on 
the contrary, an acid happened to be discov- 
ered before its base, or rather when the acidi- 
fiable base from which it was formed remained 
unknown, names were adopted for the two, 
which have not the smallest connection; and 
thus/ not only the memory became burdened 
9rith useless appellations, but even the minds 
of students, nay even of experienced chemists, 
became with false ideas, which time and 
r^eetion alone are capable of eradicating. We 
may 0ve an instance of this confusion with 
respjeot to the acid sulphur: the former chen>» 
having procured this add from the vitriol 
gave it the name, of the vitriolic add 


from the name of the eubstanoe which pro- 
duced it; and they were then ignorant that the 
acid procured from sulphur by combustion was 
exactly the same. 

The same thing happ^ed with the aeriform 
acid formerly called fixed dir; it not being 
known that this add was the result of combin- 
ing charcoal with oxygen, a variety of denom- 
inations have been given to it, not one of which 
conveys just ideas of its nature or ori^n. We 
have found it extremely easy to correct and 
modify the ancient language with respect to 
these acids proceeding from known bases, hav- 
ing converted the name of vitriolic acid into 
that of Ci^pfiuriCy and the name of fijxed air 
into that of carbonic add; but it is imjtossible 
to follow this plan with the acids who^ bases 
are still unknown; with these we have been 
obliged to use a contrary plan and, instead of 
forming the name of the add from that\of its 
bjise, have been forced to denominate th^ un- 
known base from the name of the known acid, 
as happens in the case of the acid which is pro- 
cured from sea-salt. 

To disengage this acid from the alkaline 
base with which it is combined, we have only 
to pour sulphuric acid upon sea-salt; imme- 
diately a brisk effervescence takes place, white 
vapours arise, of a very penetrating odbur, 
and, by only gently heating the mixture, all 
the acid is driven off. As in the common tem- 
perature and pressure of our atmosphere this 
acid is naturally in the state of gas, we must 
use particular precautions for retaining it in 
proper vessels. For small experiments, the 
most simple and most commodious apparatus 
consists of a small retort G (Plate v, Fig. 5), 
into which the sea-salt is introduced, well 
dried; we then pour on some concentrated sul- 
phuric acid, and immediately introduce the 
beak of the retort under little iars'or beU- 
glasses A (same Plate and Fig.)y previously 
filled with quicksilver. In proportion as the 
acid gas is disengaged, it passes into the jar 
and gets to the topx>f the quicksilver, which it 
displaces. When the disengagement of the gas 
slackens, a gentle heat is applied to the retort 
and gradually increased till nothing more 
passes over. This acid ps has a very strong 
affinity with water, which absorbs an enor- 
mous quantity of it, as is proved by introduc-* 
ing a very thin layer of water into the glass 
wffich contains the gas; fcnr, in an instant, the 
whole acid gae disappears and combines with 
the water. J ; 
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This latter circumstance is taken advantage 
of in laboratories and manufactures on purpose 
to obtain the acid of seansalt in a liquid form; 
and for this purpose the apparatus (Plate iv, 
Fig^ 1) is employed. It consists, 1st, of a tabu- 
lated retort A, into which the seansalt, and after 
it the sulphuric acid , are introduced through the 
opening H; 2nd, of the balloon or recipient c, 6, 
intend^ for containing the small quantity of 
liquid which passes over during the process; 
and, 3rd, of a set of bottles, with two mouths, 

L, L,L,L, half filled with water, intended for 
absorbing the gas disengaged by the distilla- 
tion. This apparatus will be more amply de- 
scribed in the latter part of this work. 

Although we have not yet been able, either 
to compose or to decompound this acid of sea- 
salt, we cannot have the smallest doubt that it, 
like all other acids, is composed ,by the union 
of oxygen with an acidifiable base. We have 
therefore called this unknown substance the 
muriatic base^ or muriatic radical^ deriving this 
name, after the example of M. Bergman and 

M. de Morveau, from the Latin word muria, 
which was anciently used to signify sea-salt. 
Thus, without being able exactly to determine 
the component parts of muriatic acidt we de- 
sign by that term a volatile acid, which retains 
the form of gas in the common temperature 
and pressure of our atmosphere, which com- 
bines with great facility, and in great quantity, 
with water, and whose acidifiable base adheres 
so very intimately with oxygen that no method 
has hitherto been devised for separating them. 
If ever this acidifiable base of the muriatic 
acid is discovered to be a known substance, 
tliough now unknown in that capacity, it 
will requisite to change its present denom- 
ination for one analogous with that of its 
base. 

In common with sulphuric acid, and several 
other acids, the muriatic is capable of different 
degrees of oxygenation; but the excess of oxy- 
gen produces quite contrary effects upon it 
from what the same circumstance produces 
upon the acid of sulphur. The lower degree of 
oxygenation converts sulphur into a volatile 
gaseous acid, which only mixes in small pro- 
portions with water, whilst a higher oxygena- 
tion forms an acid possessing much stronger 
acid properties, which is very fixed and cannot 
remain in the state of gas but in a very high 
temperature, which has no smell, and which 
mixes in large proportion with water. With 
muriatic acid, tiie direct reverse takes place; 
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an adcfitional saturation with oxygen raiders 
it more volatile, of a more penetrating odour, 
less miscible with water, and diminishes its 
acid properties. We were at first inclined to 
have denominated these two degrees of satursr 
tion in the same manner as we had done with 
the acid of sulphur, calling the less oxygen- 
ated muriataua add, and that which is more 
saturated with oxygen muriatic add: but, as 
this latter gives very particular results in 
its combinations, and as nothing analo- 
gous to it is yet known in chemistry, we have 
left the name of muriatic acid to the less 
saturated and given the latter the more com- 
pounded appellation of oxygenated muriatic 
add. 

Although the base or radical of the acid 
which is extracted from nitre or saltpetre be 
better known, we have judged proper only to 
modify its name in the same manner with that 
of the muriatic acid. It is drawn from nitre by 
the intervention of sulphuric acid, by a process 
similar to that described for extracting the 
muriatic acid, and by means of the same ap- 
paratus (Plate IV, Fig, 1), In proportion as the 
acid passes over, it is in part condensed in 
the balloon or recipient and the rest is ab- 
sorbed by the water contained in the bottles 
L, L, L, L; the water becomes first green, then 
blue, and at last yellow, in proportion to the 
concentration of the acid. During this opera- 
tion, a large quantity of oxygen gas, mixed 
with a small proportion of azotic gas, is dis- 
engaged. 

This acid, like all others, is composed of oxy- 
gen, united to an acidifiable base, and is even 
the first acid in which the existence of oxygen 
was well ascertained. Its two constituent ele- 
ments are but weakly united and are easily 
separated by presenting any substance wit^ 
wUch oxygen has a stronger affinity than with 
the acidifiable base peculiar to this acid. By 
some experiments of this kind, it was first di^ 
covered that azote, or the base of mephitis or 
azotic gas, constituted its acidifiable base or 
radical, and consequently that the acid of nitre 
was really an azotic acid, having azote for its 
base, combined with oxygen. For these rear 
sons, that we might be consistent with out 
principles, it appeared necessary either to oaE 
the acid by the name of azotic or to name the 
base nitric radical; but from either of these we 
were dissuaded by the followingeonsideratioxui. 
In the first place, it seemed difficult to change 
the name of nitre or saltpetre, wMch has hiw 
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vsAmBsMy adopted in society, in manufae- 
turee^ and in chemiistry; and, on the other 
hand, aaote Jiaving b^a cBiSKsovm'ed by M. 
Berthdlet to be the base of volatile alkali, or 
aimnonia, as well as of this acid, we thought it 
improper to call it nitric radical. We have 
therefore continued the terni of azote to the 
base of that part of atmospheric air which is 
likewise the nitric and ammoniacal radical; 
and we have named the acid of nitre, in its 
lower and higher degrees of oxygenation, nir 
trim acid in the former and nitric add in the 
latter state; thus preserving its former appella^ 
tion property modified. 

Several very respectable chemists have dis* 
approved of this deference for the old terms 
and wished us to have persevered in perfecting 
a new chemical language, without pa3dng any 
res))ect for ancient usage; so that, by thus 
steering a kind of middle course, we have ex-* 
posed ourselves to the censures of one sect of 
chemists, and to the expostulations of the op* 
posite party. 

The acid of nitre is susceptible of assuming a 
great number of separate states, depending up- 
on its degree of oxygenation or upon the pro- 
portions in which azote and oxygen enter into 
its composition. By a first or lowest degree of 
oxygenation it forms a particular species of 
gas, which we shall continue to name nitrom 
gas; this is composed nearly of two parts, by 
Weight, of oxygen combined with one paili of 
azote; and in this state it is not miscible with 
water. In this gas, the azote is by no means 
saturated with oxygen, but, on the contrary, 
bas still a very great affinity for that element 
and even attracts it from attnospberic air, im- 
mediately upon getting into contact with it. 
This combination of nitrous gas with atmos- 
pheric air has even become one of the methods 
for determining the quantity of oxygen con- 
tained in air and consequently for ascertaining 
its degree of salubrity. 

HkiA addition of oxygen converts the nitrous 
gas into a powerful acid, which has a strong 
affinity "with water and which is itself suscep- 
tible of various additional degrees of oxygena- 
tion. When the proportions of oxygen and 
azote is below three parts, by weight, of the 
ienner to one of the ikter, the acid is red col- 
oulted and emits copious fumes. In this state, 
bjr the application of a gentle heat, it gives out 
nitiiHis and we term it, in this degree of 
exygenation, nUrous ixdd. When four parts, by 
oxygen are corniced with one part 


of . azote, the acid is dear and eolouiiate, ifiOre 
fixed in the fire than the nitrous add, has IhCMi 
odour, and its eonstitumit elements are more 
finnly united. This species of acid, in conformr 
ity with our principles of nomenclature, is 
called nitric tuAL 

Thus, nitric acid is the acid of nitre, sum 
charged with oxygen; nitrous acid is tiie add 
of nitre surcharged with azote or, what is tiie 
same thing, with nitrous gas; and this ktter is 
azote not sufficiently saturated with oxygen to 
possess the properties of an acid. To this, de^ 
gree of oxygenation, we have afterwards, in 
ihe course of this work, given the generical 
name of 

CHAPTER VII 

Of the Decomposition of Os^gen Gas hy Means of 

Metals and the Formation of Metallic O^Ades 

Oxygen has a stronger affinity with metals 
heated to a certain degree than with caloric; 
in consequence of which, all metallic bodies, 
excepting gold, silver, and platinum, have the 
property of decomposing oxygen gas, by at- 
tracting its base from the caloric with which it 
was combined. We have already shown in what 
manner this decomposition takes place, > by 
means of mercury and iron; having observed, 
that, in the case of the first, it must be consid^ 
ered as a kind of gradual combustion, whilst, 
in the latter, the combustion is extremely 
rapid and attended with a brilliant flame. The 
use of the heat employed in these operations 
is to separate the particles of the meted from 
each other and to diminish their attrition 
of cohesion or aggregation or, which is the 
same thing, their mutual attraction for each 
other. 

The absolute weight of metallic substances 
is augmented in proportion to the quantity of 
oxygen they absorb; they, at the same time^ 
lose their metallic splendour, and are reduced 
into an earthy pulveiulent matter. In this state 
metals must not be oonridered as entirely sat- 
urated with oxygen^ because their action upon 
this element is counterbalanced by tiie power 
of afiinity between it and caloric. During tfae 
calcination oi tr^ls the oxygen ^ there&n^ 
acted upon by two separate and opposite pow- 
ers, that of its attiaoti(m fOr Caloric and that 
exerted by the metal, and only tends to unHe 
with the latter in consequence d^the excess cl 
the latter over the former, whitiils, in general^ 
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Tery mconadcbtble. Wherefore, when nietailie 
sufcetancee are oieygenated ih e^tmoepheric air 
or in oxygen t£ey are not converted into 
acids like sulplfiUT, phosphorus, and charcoal, 
but are only changed into inteimediate sub- 
stances, which; though ap^nxmching to the 
nature of salts, have not acquired all the saline 
properties. The old chemists have affixed the 
na^e of cab hot only to metals in this state 
but to every body which has been long exposed 
to the action of fire without being melted. 
They have converted this word cab into a 
generical term, under which they confound 
calcareous earth, which, from a neutral salt, 
which it really was before calcination, has been 
changed by fire into an earthy alkali, by loHng 
half of its weight, with metals which, by the 
same means, have joined themselves to a new 
substance, whose quantity often exceeds half 
their weight, and by which thfey have been 
changed almost into the nature of acids. This 
mode of classifying substances of so very op- 
posite natures under the same generic name 
would have been quite contrary to our prin- 
ciples of nomenclature, especially as, by re- 
taining the above term for this state of metal- 
lic substances, we must have conveyed very 
false ideas of its nature. We have, therefore, 
laid aside the expression metallic cab alto- 
gether and have substituted in its place the 
tenn oxide, from the Greek word o^vs. 

By this may be seen that the language we 
have adopted is both copious and expressive. 
The first, or lowest, degree of oxygenation in 
bodies converts them into oxides; a second de- 
gree of additional oxygenation constitutes the 
class of acids, of which the specific names, 
drawn from their particular ba^, terminate 
in OU8, as the nitrous and sulpkiarous acids; the 
third degree of oX 3 rgenation changes these into 
the species of adds distinguished by the term^ 
ination in ie, as the ntfric and mlji^uric acids; 
and, lastly, we can express a fourth, or highest 
of oxygenation, by adding the word 
oiffffipmedied^ name of the acid, as has been 
already done with the oxygenated muriatic 
acid*' ' ■ • 

'We have not ocmfined the term oxide to ex* 
prMng ^ comUnations erf metals wilh' oxy* 
gm, but have extended it to signify that fi^ 
degree df oxygenation in all bod^, whidi, 
without converting them into acids, causes 
to approach to the nature of Salts* 'pius, 
qt oxide of sulphur iiq that 
soft substance into whidi sulphur is eemvertod 


by inoipl^t cembudion; and we eaU ^the '^ 
W matto left by phosfrfitorns, alter combos^ 
tion; by the name of ^dde of phosphorus. In 
the same manner, nitrous gas, whi^ is asote 
in its first degree of oxygenation, is the oxide of 
azote. We have likewise oxides in great num- • 
bers from the vegetable and animal kingdoms; 
and I shall show, in the sequel, that this new 
language throws great light upon all the opekv 
ations of art and nature. 

We have alr^y observed that almost all 
the metallic oxides have peculiar and penna^ 
nent colours. These vary not only in the differ- 
ent species of metals, but even according to 
the various degrees of oxygenation in the same 
metal. Hence we are under the necessity of 
adding two epithets to each oxide, one of wUkrfi 
indicates the metal oxidated, while the other 
indicates the peculiar colour of the oxide. Thus, 
we have the black oxide of iron, the red oidde 
of iron, and the yellow oxide of iron; which 
explosions respectively answer to the old 
unmeaning terms of martial elhiops, coleo- 
thar, and rust of iron, or ochre. We have like- 
wise the gray, yellow, and red oxides of lead, 
which answer to the equally false or insig- 
nificant terms, ashes of lead, massicot, and 
minium. 

These denominations sometimes become ra- 
ther long, especially when we mean to indicate 
whether the metal has been oxidated in the 
air, by detonation with nitre, or by means of 
acids; but then they always convey just and 
accurate ideas of the corresponding objtot 
which we wish to express by their use. All this 
will be rendered perfectly clear and distinct by 
means of the tables which are added tb thb 
work. 

.CHAPTEEVin 

Of (he Radical Principle of Wider and of its De- 
composition hy Charcod and Iron 

UimL very lately, water has always been' 
thought a imple substance, inscmiudi that the 
older oh^cniste considered it as an element; 
SiKhit undoubtedly was to them, as th^ were 
unable tb decompose it; or, at tetst, since <lie 
decomposition which took place d^fy hetoxe 
their eyes was ^tir^y unnoticed* But ww 
mean to prove that water is by no meims a 
simple or dementary substance; I didl not 
here pretend to ipve the history of this leoeiEt 
and hitherto contested disoOV^, which is lle^' 
tailed in Hhe Recml de PAcad6nm to0 17$1, hot 



30 LAVOISIEE 


only bring forwards the prindpal proofs 
of the decomposition and composition of wa- 
ter; and I may venture to say that these will be 
oonvinaing to such as consider them impartially. 

First Experiment 

Having fixed the glass tube EF (Plate vii, 
Fig. 11) of from 8 to 12 lines diameter across a 
furnace, with a small inclination from E to F, 
lute the superior extremity E to the glass re- 
tort A, containing a determinate quantity of 
distilled water, and to the inferior extremity F 
the worm SS fixed into the neck of the doubly 
tubulated bottle H, which has the bent tube 
KK adapted to one of its openings, in such a 
manner as to convey such aeriform fluids or 
gases as may be disengaged, during the exper- 
iment, into a proper apparatus for determining 
their quantity and nature. 

To render the success of tliis experiment cer- 
tain, it is necessary that the tube EF be made 
of well annealed and diflicultly fusible glass, 
and that it be coated with a lute composed of 
clay mixed with powdered stone-ware; besides 
which, it must be supported about its middle 
by means of an iron bar passed through the 
furnace, lest it should soften and bend during 
the experiment. A tube of chinaware, or por- 
celain, would answer better than one of glass 
for this experiment, were it not difficult to pro- 
cure one so entirely free from pores as to pre- 
vent the passage of air or qf vapours. 

When things are thus arranged, a fire is 
lighted in the furnace EFCD, which is sup- 
ported of such a strength as to keep the tube 
EF red hot but not to make it melt; and, at 
the same rime, such a fire is kept up in the fur- 
nace WXX as to keep the water in the retort 
A continually boiling. 

In proportion as the water in the retort A is 
evi^porated it fills the tube EF, and drives out 
the air it contained by the tube EK; the aque- 
ous gas formed by evaporation is condensed by 
coolihg in the worm SS and falls, drop by drop, 
into tbe tubulated bottle H. Having continued 
tiiis operation until all the water be evaporated 
from the retort, and having carefully emptied 
all the vesjgdis employed, we find that a quan- 
tity of w$ter has psmd over into the bottle H 
exactly equal to what was before contained in 
the retort A, without any disengagement of 
gas whatsoever; so that this experiment turns 
o]itt to be a simple distillation, and the result 
would have been exacriy the same, if the water 
had boen run from one vessel into the other, 


throng the tube EF, without having under- 
gone the intermediate incandescence. 

Second Experiment 

The apparatus being disposed, as in the for-* 
mer experiment, 28 grs, of charcoal, broken into 
moderately sm^l parts and which have pre- 
viously been exposed for a long time to a red 
heat in close vessels, are introduced into the 
tube EF. Ever 3 rthing else is managed as in the 
preceding experiment. 

The water contained in the retort A is dis- 
tilled, as in the former experiment, and, being 
condensed in the worm, falls into the bottle H; 
but, at the same time, a considerable quantity 
of gas is disengaged, which, escaping jby the 
tube KK, is received in a convenient apparatus 
for that purpose. After the operation us fin- 
ished, we find nothing but a few atoms ofiashes 
remaining in the tube EF, the 28 grs. oflchar- 
coal having entirely disappeared. \ 

When the disengaged gases are carefully ex- 
amined, they are found to weigh 113.7 grs,;^ 
these are of two kinds, viz., 144 cubic inches of 
carbonic acid gas weighing 100 grs, and 380 
cubic inches of a very light gas weighing only 
13.7 grs,y which takes fire when in contact with 
air, by the approach of a lighted body; and, 
when the water which has passed over into , the 
bottle H is carefully examined, it is found to 
have lost 86.7 grs, of its weight. Thus, in this 
experiment, 85.7 grs, of water, joined to 28 grs. 
of charcoal, have combined in such a way as to 
form 100 grs. of carbonic acid, and 13.7 grs. of 
a particular gas capable of being burnt. 

I have already shown, that 100 grs. of car- 
bonic acid gas consists of 72 grs. of oxygen 
combined with 28 grs. of charcoal; hence the 28 
grs. of charcoal placed in the glass tube have 
acquired 72 grs. of oxygen from the water; and 
it follows that 85.7 grs, of water are composed 
of 72 grs. of oxygen combined with 13.7 grs. of a 
gas susceptible of combustion. We shall see pres- 
ently that this gas cannot possibly have been 
disengaged from the charcoal and must, con- 
sequently, have been produced from the water. 

I have suppressed some circumstances in the 
above account of this experiment, which would 
only have complicated and obscuied its results 
in the minds of the reader. For instance, the 
inflammable gas dissolves a very small part of 

j , ) 

1 In the latter part of this work will be fpupd a 
particular account of the prooesees neopssa^ f^ 
separating the different kinds of gases, and for aSsteiv 
mining their quantities.— AtrXBoa. > - 
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the charcoal, by which means its weight is mnst find an appropriate tenn. None that we 


somewhat augmented and that of the carbonic 
gas proportionally diminished. Altho’ the al- 
teration produced by this circumstance is very 
inconsiderable, yet I have thought it necessary 
to determine its effects by rigid calculation, 
and to report, as above, the results of the ex-* 
periment in its simplified state, as if this cir- 
cumstance had not happened. At any rate, 
should any doubts remain respecting the con- 
sequences I have drawn from this experiment, 
they will be fully dissipated by the following 
experiments, which I am going to adduce in 
support of my opinion. 

Third Experiment 

The apparatus being disposed exactly as in 
the former experiment, with this difference, 
that instead of the 28 grs. of .charcoal the tube 
EF is filled with 274 grs. of soft iron in thin 
plates, rolled up spirally. The tube is made red 
hot by means of its furnace, and the water in 
the retort A is kept constantly boiling till it be 
all evaporated, and has passed through the 
tube EF so as to be condensed in the bottle H. 

No carbonic acid gas is disengaged in this 
experiment, instead of which we obtain 416 
cubic inches, or 15 grs. of inflammable gas, 
tliirteen times lighter than atmospheric air. By 
examining the water which has been distilled, 
it is found to have lost 100 grs. and the 274 grs. 
of iron confined in the tube are found to have 
acquired 85 grs. additional weight and its mag- 
nitude is considerably augmented. The iron is 
now hardly at all attractable by the magnet; 
it dissolves in acids without effervescence; andj 
in short, it is converted into a black oxide, pre- 
cisely similar to that which has been burnt in 
oxygen gas. 

In this experiment we have a true oxidation 
of iron, by means of water, exactly similar to 
that produced in air by the assistance of heat. 
One hundred grains of water having been de- 
composed, 85 grs. of oxygen have combined 
with the iron, so as to convert it into the state 
of black oxide, and 15 grs. of a peculiar inflam- 
maUe gas are disenga^ : from all this it clear- 
ly follows that water is composed of oxygen 
combined with the base of an inflammable gas, 
in the respective proportions of 85 parts, by 
wei^t of the fonner, to 15 parts of the latter. 

I^lUS water, besides the oxy^n which is one 
of its elements in common with many other 
substances, contains another elem^t as its 
constituent base or radical and for which we 


could think of seemed better adapted than the 
word hydfogm, which signifies the generative 
principle o/ water, from vBop aqua, and 
pai gigrwT.^ We call the combination of this 
element with caloric hydrogen gat; and the 
term hydrogen expresses the base of that gas, 
or the radical of water. 

This experiment furnishes us with a new 
combustible body, or, in other words, a body 
which has so much affinity with oxygen as to 
draw it from its connection with caloric and to 
decompose air or oxygen gas. This combustible 
body has itself so great aflSnity with caloric 
that, unless when engaged in a combination 
with some other body, it always subsists in the 
aeriform or gaseous state, in the usual temper- 
ature and pressure of our atmosphere. In this 
state of gas it is about Hs of the weight of an 
equal bulk of atmospheric air; it is not ab- 
sorbed by water, though it is capable of hold^ 
ing a small quantity of that fluid in solution, 
and it is incapable of being used for respiration. 

As the property this gas possesses, in com- 
mon with all other combustible bodies, is no* 
thing more than the power of decomposing air 
and carrying off its oxygen from the caloric 
with which it was combined, it is easily under- 
stood that it caxmot bum unless in contact 
with air or oxygen gas. Hence, when we set fire 
to a bottle full of this gas, it bums gently, first 
at the neck of the bottle, and then in the inside 
of it, in proportion as the external air gets in. 
This combustion is slow and successive and ody 
takes place at the surface of contact between 
the two gases. It is quite different when the 
two gases are mixed before they are set on fire: 
if, for instance, after having introduced one 
part of oxygen gas into a narrow moutiied bot- 
tle, we fill it up with two parts of hydrogen gas 
and bring a lighted taper or other burning 
body to &e mouth of the bottle, the combus- 
tion of the two gases takes place instantaneously 
with a violent explosion. This experim^t 
ought only to be made in a bottle of very strong 
green ^ass, holding not more than a pint, and 
wrapped round with twine, otherwise the opeiv> 
ator will be exposed to great danger from the 

1 This expresaioti hydrogen has been ve^ eeverebr 
criticised by some, who pretend that it signifies en- 
gendered by water and not that whi<^ engenders 
water. The experiments related in this chapter prove 
that When water is decomposed hydrog^ is 
duced, and that when hydrogen is combined irith 
oxygen water is produced : so that we may say. with 
eqaaiX truth, that water is produced hem hydregen, 
or hydrogen is produced horn water.— tAutbob. 
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mptore d tlie bottle of ^ch the fragmmits 
tdit be t^wn about with great force. 

if all that haa been related above, eonoem- 
iuf ' the decomposition of water, be exactly con- 
formable to truth;— ‘if, as I have endeavoured 
to prove, that substance be really composed of 
hydrogen, as its proper constituent dement, 
combined with oxygen, it ought to follow that, 
by reuniting these two elements together, we 
should recompose water; and that this actually 
lutppens may be judged of by the following 
experiment. 

P&urOt Experiment 

I took a large crystal balloon A (Plate rv, Fig. 
6) holding about 80 pints, having a large open- 
ing, to which was cement^ the plate of copper 
BC pierced with four holes in wMch four tubes 
terminate. The first tube, H^, is intended to 
be adapted to an air pump, by which the balloon 
is to be exhausted of its air. The second ture 
gg, communicates, by its extremity MM, with 
a reservoir of oxygen gas, with which the bal- 
loon is to be filled. Tim third tube dDd' com- 
municates, by its extremity dNN, with a res- 
ervoir of hydrogen gas. The extremity d' of 
this tube terminates in a capillary opening, 
through which the hydrogen gas contained in 
the reservoir is forced, with a moderate degree 
of quickness, by the pressure of one or two 
inches of water. The fourth tube contains a 
metallic wire GL, having a knob at its extrem- 
ity L, intended for giving an electrical spark 
from L to d^ on purpose to set fire to the hy- 
drogen gas; this wire is moveable in the tube, 
that we may be able to separate the knob L 
from the extremity d' of the tube Dd', The 
three tubes dl>d', gg^ and are all provided 
with stop-cocks. 

That hydrogen gas and oxygen gas may 
be as mudi as possible deprived of water, they 
are made to pass, in their way to the bakion A, 
thiou!^ the ivSm MM, NN, of about an inch 
diameter, and filled with salts, which, from 
ihekt deliquescent nature, greedily attract the 
inoistuie of tlm air: such are the acetite of 
potasfav and tiie muriate or nitrate of lime.^ 
These salts must only be reduced to a coarse 
powd^, lest they run into lumps, and prevent 
thjs gases froitn getting throu^ their inter- 
sficw. 

' We must be provided beforehand with a 
sufficient quantity of oxygen gas, catefuUy 
inirified f Ksn all admixture ^ carbonic acid by 

oHihefie salts in the second part of 


tong contact witiia aohitkm of pofcadi.* ^ ^ 

We must likewise have a douj^ quantity of 
hydrogen gas, carefully purified in the same 
manner by tong ccmtaCt iirith a solution of pot^ 
ash in water. The best way of obtaimng thto 
gas free from mixture is by decomposing water 
with very pure soft iron, as directed in Exp. 8 
of this chapter. 

Having adjusted everything properly, as 
above directed, the tube HA is adapted to an 
air-pump, and the balloon A is exhausted of its 
air. We next admit the oxygen gas so as to fill 
the balloon and then, by means of pressure as 
is before mentioned, force a small stream of 
hydrogen gas*through its tube DcP, which we 
immediately set oh fire by an electric ©park. 
By means of the above described appamtus, 
we can continue the mutual combusti^ of 
these two gases for a long time, as we hai^ the 
power of supplying them to the balloon from 
their reservoirs, in proportion as they are con- 
sumed. 1 have in another place^ given a de- 
scription of the apparatus used in this experi- 
ment and have explained the manner of asce]> 
taining the quantities of the gases consumed 
witfi the most scrupulous exactitude. 

In proportion to the advancement of the 
combustion, there is a deposition of water upon 
the inner surface of the balloon or matrass 'A: 
the water gradually increases in quantity and, 
gathering into large drops, runs down to the 
bottom of the vessel. It is easy to ascertain the 
quantity of water collected, by weighing the 
balloon both before and after the experiment. 
Thus we have a twofold verification of our ex- 
periment, by ascertaining both the quantities 
of the gases employed and of the water formed 
by their combustion : these two quantities must 
be equal to each other. By an operation of this 
kind, M. Meusnier and I ascertained that it 
required 85 parts, by weight, of oxygen, united 
to 16 parts ci hydrogen, to compose 100 parts 
of water. This experiment, which has not 
hitherto been published, was made in pm- 
ence of a numerous wmmittee from the Edyal 
Academy. We exerted the most scmpuleus 
attention to its accuracy and have reason to 
beliavetbat the above preposltionscannot viur^ 
a two4iundtedth part from absolute tiiith. - 

Frokn tiiese experiments, both analytical and 
synthetic, we may now that we have 
ascertained, witii as imich certainty as fa {ibs- 

I The method of obtatoiiig thlsfure alMliiif 
ash will be given in the erauel. — AmnOa. 

* See the wrd part of tibhi work.— An^K»a.' ’ ^ 
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edble in physical pr. chen^cal subjects, that 
water is not a simple elementary substance 
but is composed of two elements, oxygen and 
hirdrogen; which elements, when existing 
sepairately^ have so strong affinity for caloric 
as only to subsist under the form of gas in the 
common temperature and pressure of our 
atmosphere. 

This decomposition and recomposition of 
water is perpetually operating before our eyes, 
in the temperature of the atmosphere, by 
m^s of compound elective attraction. We 
shall presently see that the phenomena attend- 
ant upon vinous fermentation, putrefaction, 
and even vegetation, are produced, at least in 
a certain degree, by decomposition of water. 
It is very extraordinary that this fact should 
have hitherto been overlooked by natural phi- 
losophers and chemists: indeed/ it strongly 
proves that, in chemistry as in moral philos- 
ophy, it is extremdy difficult to overcome prej- 
udices imbibed in early education and to search 
for truth in any other road than the one we 
have been accustomed to follow. 

I shall finish this chapter by an experiment 
much less demonstrative than those already 
related, but which has appeared to make more 
impression than any other upon the minds of 
many people. When 16 ounces of alcohol are 
burnt in an apparatus^ properly adapted for 
collecting all the water disengaged during the 
combustion, we obtain from 17 to 18 ounces of 
water. As no substance can furnish a product 
larger than its original bulk, it follows that 
something else has united with the alcohol duiv 
ing its combustion; and I have already shown 
that this must be oxygen, or the base of air. 
Thus alcohol contains hydrogen, which is one 
of the elements of water; and the atmospheric 
air contains oxygen, whi^ is the other element 
necessary to the composition of water. This 
meperiment is a new proof that water is a com- 
pound substance. 

CHAPTER IX 

Of the Qmntitiea of Calmc Dieengaged from 

Different Species of Combustion 

TShe have already mentioned that, when any 
body is btimt in the center of a hollow sphere 
of ice and supplied with air at the temperature 
of (82^), the quantity of ice melted from 
'&e Inside of the sphere becomes a measure of 

4' See an aooount of tide apparatus in the. third pai^ 


the 'relative quantities of oahaio disehgaisadb 
M» dh Laplace and I gave a description of the 
apparatais ^ployed forthis kind of experiment 
in the Recueil de VkcadMim for 1780, p. 358; 
and a description and plate of the same hppsr 
ratus will be found in the third partof thiswork. 
With this apparatus, phosphorus, charcoal, and 
hydrogen gas, gave the following results; 

one pound of phosphorus melted 100 Zbe. of ice; 

one pound of charcoal melted 06 lbs. 8 os; 

one pound of hydrogen gas melted 295 lbs. 

9 oz. 3H Q^os, 

As a concrete acid is formed by the combus- 
tion of phosphorus, it is probable that very 
little caloric remains in the acid and, conse- 
quently, that the above experiment gives us 
very nearly the whole quantity of caloric con- 
tained in the oxygen gas. Even if we suppose 
the phosphoric acid to contain a good deal of 
caloric, yet, as the phosphorus must have con- 
tained nearly an equal quantity before com- 
bustion, the error must be very small; as it will 
only consist of the difference between what 
was contained in the phosphorus before, and 
in the phosphoric acid after combustion. 

I have already shown in Chapter V that one 
pound of phosphorus absorbs one pound eight 
ounces of oxygen during combustion; and 
since, by the same operation, 100 lbs. of ice are 
melt^, it follows that the quantity of caloric 
contained in one pound of oxygen gas is ca- 
pable of melting 66 lbs. 10 oz. 5 gros 24 grs. of ice. 

One pound of charcoal during combustion 
mdts only 96 lbs. 8 oz, of ice, whilst it absorbs 
2 lbs. 9 oz. 1 gros 10 grs. of oxygen. By the ex- 
periment with phosphorus, tl^ quantity of 
oxygen gas ought to disengage a quantity d 
caloric sufficient to melt 171 lbs. 6 os. 5 gros of 
ice; consequently, during this experiment, a 
quantity of caloric sufficient to mrit 74 25s. 14 
oz. 5 gros of ice disappears. Carbonic acid is 
not, like phosphoric acid, in a concrete state 
after combustion but in the state of gas and re- 
quires to be united with caloric to enable it to 
subsist in that state; the quantity of caloric 
missing in the last experiment is evidently emr 
ployed for that purpose. When we divide that 
quantity by the wei^t of ca^'bonic acid femned 
by the’ combustion of one pound of charbc^l, 
we find that the quantity of calorie neoessaty 
for chan^ng one pound of carbonic acid fwm 
the concrete to the gaseous state would be ca- 
pable of melting 20 25s. 15 os. S gros of ioe. 

We may xnafee a similar Cfdeulation irith ^ 
combustira of hydrCgen gss md 
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qimit fiCKrmaticKEi of water. During the eombue- 
tion of one pound of hydrogen gas, 5 Ibn. 10 oz, 
6 i ^08 24 grz, of oxygen gas are ateorbed, and 
295 Iba. 9 oz. 3^ groa of ice are melted. But 5 
Iba. 10 oz. 5 groa 24 gra. of oxygen gas, in chang- 
ing from the aeriform to the solid state, loses, 
according to the experiment with phosphorus, 
enough of caloric to have melted 377 Iba. 12 oz. 
3 groa of ice. There is only disengaged from the 
same quantity of oxygen, during its combus- 
tbn with hydrogen gas, as much caloric as 
melts 295 Iba. 2 oz. 3}^ groa; wherefore there 
remains in the water at zero (32®), formed, 
during this experiment, as much caloric as 
would melt 82 Iba. ^ oz.iy^ groa of ice. 

Hence, as 6 Jha. 10 oz. 5 groa 24 gra. of water 
are formed from the combustion of one pound 
of hydrogen gas with 5 Iha. 10 oz. 5 groa 24 gra. 
of oxygen, it follows that in each pound of 
water, at the temperature of zero (32°), there 
exists as much caloric as would melt 12 Iba. 
5 oz. 2 groa 48 gra. of ice, without taking into 
account the quantity originally contained in the 
hydrogen gas, which we have been obliged to 
omit for want of data to calculate its quantity. 
From this it appears that water, even in the 
state of ice, contains a considerable quantity 
of caloric, and that oxygen, in entering into that 
combination, retains likewise a good proportion. 

From these experiments, we may assume the 
following results as sufficiently established. 

Combuation of phoaphorua 

From the combustion of phosphorus, as re- 
lated in the foregoing experiments, it appears 
that one pound of phosphorus requires 1 lb. 8 oz. 
of oxygen gas for its combustion and that 2 Iba. 
8 oz, of concrete phosphoric acid are produced. 

The quantity of caloric disengaged by 
the combustion of one pound of phos- 
phorus, expressed by the number of 
pounds of ice melted during that op- 
eration, is 100.00000 

The quantity disengaged from each 
pound of oxygen during the combus- 
tion of phosphorus, expressed in the 
saihe manner, is 66.66667 

The quantity disengaged during the 
formation of one pound of phosphoric 
add 40.00000 

Ihe quantity remaining in each pound 
of phosphonc acid 0.00000^ 

X We here suppose the phosphoric acid not to con- 
tain any caloric, which is not strictly true; but, as 
1 have before observed, the quantity it really con- 
tains is probably very small, and we have not given 
it a value, for want of suffident data to go upon. — 
Aimtoai. 


Combiiaiion (tf chogtoci 

In the combustion of one pound of charcoal, 
2 Iba. 9 oz. 1 groa 10 gra. of oxygen gas are ab- 
sorbed, and 3 Iba. 9 oz. 1 groa 10 gra. of carbonic 
acid gas are formed. 

Caloric disengaged during the combus- 
tion of one pound of charcoal 96.50000 

Caloric disengaged during the combus- 
tion of charcoal, from each pound of 
oxygen gas absorbed 37.52823 

Cdoric disengaged during the formation 
of one pound of carbonic acid gas 27.02024 

Caloric retained by each pound of oxy- 
gen after the combustion 29.13844 

Caloric necessary for supporting one j 
pound of carbonic acid in the state of I 
gas 2(^.97960 

Combuation of hydrogen gaa 

In the combustion of one pound of hyeji^gen 
gas, 5 Iba. 10 oz. 5 groa 24 gra. of oxygen gas are 
absorbed and 6 Iba. 10 oz. 5 groa 24 gra. of water 
are formed. 

Caloric from each lb. of hydrogen gas 295.58950 

Caloric from each lb. of oxygen gas 52.16280 

Caloric disengaged during the formar 

tion of each pound of water 44.33840 

Caloric retained by each lb. of oxygen 

after combustion with hydrogen 14.50386 

Caloric retained by each lb. of water at 

the temperature of zero (32°) 12.32823 

Formation of nitric acid 

When we combine nitrous gas with oxygen 
gas so as to form nitric or nitrous acid a degree 
of heat is produced which is much less consid- 
erable than what is evolved during the other 
combinations of oxygen; whence it follows 
that oxygen, when it becomes fixed in nitric 
acid, retains a great part of the heat which it 
possessed in the state of gas. It is certainly pos- 
sible to determine the quantity of caloric which 
is disengaged during the combination of these 
two gases and consequently to determine what 
quantity remains after the combination takes 
place. The first of these quantities might be 
ascertained by making the combination of the 
two gases in an apparatus surrounded by ice; 
but, as the quantity of caloric disengaged is 
very inconsiderable, it would be necessary to 
operate upon a large quantity of the two gases 
in a very troublesome and complicated appa- 
ratus. By this consideration, M. de Laplace 
and I have hitherto been prevented from mak- 
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ing the attempt. la the meantiine, the place of 
such an experiment may be supplied by cal* 
oidations, the results of which cannot be . very 
far from truth. 

M. de Laplace and I deflagrated a conven* 
lent quantity of nitre and cWcoal in an ice 
apparatus and found that twelve pounds of ice 
were melted by the deflagration of one pound 
of nitre. We shall see, in the sequel, that one 
pound of nitre is composed, as below, of 

potash 7 oz. 6 groa 51.84 gra. «= 4515.84 gra, 

dry acid 8 1 21.16 « 4700.16 

The above quantity of dry acid is com- 
posed of 

oxygen 6 oz. 3 groa 66.34 gra. « 3738.34 gra^ 

azote 1 5 25.82 « 961.82 

By this we find that during the above de- 
flagration 2 groa l}i gr. of charcoal have suf- 
feiH^ combustion, alongst with 8738.34 gra. 
or 6 oz. 3 groa 66.34 gra. of oxygen. Hence, 
since 12 lha. of ice were melted during the com- 
bustion, it follows that one pound of oxygen 
burnt in the same manner would have melted 
29.58320 lha. of ice. To which the quantity of 
caloric, retained by a pound of oxygen after 
combining with charcoal to form carbonic acid 
gas, being added which was already ascer- 
tained to be capable of melting 29.13844 Iba. 
of ice, we have for the total quantity of caloric 
remaining in a pound of oxygen, when com- 
bined with nitrous gas in the nitric acid 
68.72164; which is the number of pounds of ice 
the caloric remaining in the oxygen in that 
state is capable of melting. 

We have before seen that, in the state of 
oxygen gas, it contained at least 66.66667; 
wherefore it follows that, in combining with 
azote to form nitric acid, it only loses 7.94602. 
Further experiments upon this subject are 
necessary to ascertain how far the results of 
this calculation may agree with direct fact. 
This enormous quantity of caloric retained by 
oxygen in its combination into nitric acid ex- 
plains the cause of liie great disengagement of 
caloric during the deflagrations of nitre; or, 
more strictly speaking, upon all occasions of 
tile, decomposition of nitric acid. 

CmRh^Aim of wax 

• Having 'tkAmmod several cases of simple 
(Bombustion, I mean now to give a few examples 

a more cdm^ex nature. One pound of wax- 
tapdr being allowed to bum slowly in an ice ap- 
metfed 133 Iba, 2 oz. groa 6i ice. 


According to my e^cpeiiments in tiie BOotmi de 
VAeadimie for 1784, p. 606, one pound of wax- 
taper consists of 13 oz, 1 groa 23 gra. of char- 
coal and 2 oz, 6 groa 49 gra. of hy^t^en. 

By the foregoing experi- 
ments, the above quantity 
of charcoal ought to melt 79.39390 Iba. of ice 

The hydrogen should melt 52.37605 

Total 131.76996 Iba. 

Thus, we see the quantity of caloric disen- 
gaged from a burning taper is pretty exactly 
conformable to what was obtained by burning 
separately a quantity of charcoal and hydrogen 
equal to what enters into its composition. These 
experiments with the taper were several times 
repeated, so that 1 have reason to believe them 
accurate. 

Comhvation of Olive OH 

We included a burning lamp, containing a 
determinate quantity of olive oil, in the ordi- 
nary apparatus and, when the experiment was 
finished, we ascertained exactly the quantities 
of oil consumed and of ice melted; the result 
was that during the combustion of one pound 
of olive oil, 148 Ihs. 14 oz. 1 groa of ice were 
melted. By my experiments in the Ttecweil de 
VAeadimie for 1784, and of which the follow- 
ing chapter contains an abstract, it appears 
that one pound of olive oil consists of 12 oz. 5 
groa 5 gra. of charcoal and 3 oz. 2 groa 67 gra. of 
hydrogen. By the foregoing experiments, that 
quantity of charcoal should melt 76.18723 Iba. 
of ice, and the quantity of hydrogen in a pound 
of the oil should melt 62.15053 Z6s. The sum of 
these two gives 138.33776 Iba. of ice, which' the 
two constituent elements of the oil would have 
melted had they separately suffered combus- 
tion, whereas the oil really mdted 148.88330 
V}8. which gives an excess of 10.54554 in the 
result of the experiment above the calculated 
result, from data furnished by former experi- 
ments. 

This difference, which is by no means very 
considerable, may arise from errors whi^ are 
unavoidable in experim^ts of this nature, or 
it may be owmg to the comporitidb oS oil not 
being as yet ^exactly ascertained. It {noV6e, 
however, l^at there is a great agreement be- 
tween the insults of our experimente, reeqi^Set- 
ing the combination of calorie and those 
regard its disengagement. 

The following desiderata stilt iemain M 
determined, vis: what quantity of caiorie k re- 
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idler loombb^ b^Ui, 
eo ae -to eonyert them into bxldes; ^hat quan* 
tity is contained by hydrogen, in Its different 
states of existence; and t6 asceitain, with more 
precision than is as yet attained, how much 
caloric is disengaged during the formation of 
water, ^ there still remain considerable doubts 
'with r^pect tp bur presett determination of 
this point, which can only be removed by fur- 
ther experimez^S* We are at present occupied 
with this inquiry and when once these several 
points aare wdl ascertained, which we hope they 
will soon be, we shall probably be under the 
necessity of making considerable corrections 
upon most of the results of the experiments 
and calculations in this chapter. I did not, 
however, consider this as a sufficient reason 
for withholding so much os is already known 
from such as may be inclined to labour upon 
the same subject. It is difficult in our endeav- 
ours to discover the principles of a new science, 
to avoid beginning by guess-work; and it is 
rarely possible to arrive at perfection from the 
ffrst settiixg out. 

CHAPTER X 

Qf the CorrAinaium of Combtistible Substances 
with^JS^xich Other 

As ccffiibustible substances in general have a 
great affinity for oxygen, they ought likewise 
to attract or tend to combine with eacffi other; 
^quae sunt mdem uni tertio^ sunt eadem inter se; 
and tbie €pdom is found to be true. Almost all 
the metals, for instance, are capable of uniting 
with each other and fozming what are called 
in common language. Most of these, 
like all combinations, am susceptible of sev- 
eral degrees of saturation; the greater number 
of these alloye are more brittle than the pure 
metals of which they are composed, especially 
whea ^e metals alloyed together are consid- 
iexably different in their degrees of fusibility. 
To'jhis difference infuribility part of the phe- 
nomena attoidant upon aUoyage are owing, 
pasticidairly .t^^ property of iron called by 
workzfm hotshort, Tl^ kind of iron must be 
^sidered as an alloys or mixture of pure iron, 
ikfaimiost infusible, with a small portion 
other snetal which fuses in a much lowt^ 
^detpee of heat> So long as .this alloy remains 
and^both metals are in the solid state, the 

which We have from the lan- 
ausae of the arte, serm exceedingly weQ for die- 

lor that purppect.-r*Atr3Woiu 


mixture is malleable; hut^ if heated to d 
ficient degree to liquefy the more fumble rndtal^ 
the particles of the liquid? which /ilffe 

interposed between the particles of the nmtal 
remaining solid, zhUst destroy their contimi&ty 
and occasion the alloy to become brittiie* Tl^ 
alloys of mercury, with the other metals, hove 
usu^y been caUed camtgams, and we.see rio 
inconvenience from contiziuing the use of that 
term. . < 

Sulphur, phosphorus, and charcoal readily 
unite with metals. Combinatiozis of sutehUjr 
with metals are usually named pyrites, Thirir 
combinations with phoiq^horus and charobal 
are either nCt yet named or have received new 
names only of late; so that we have not scru- 
pled to change thezn according to oin*' prin- 
ciples. The combinations of metal and smphUr 
we call sulphurets, those with phosphoruil| pAfCs- 
phurets, and those formed with charcoal i^bih 
rets. These denominations are extended lo all 
the combinations into which the above three 
substances ento-, without being previously oxy- 
genated. Thus, the combination of sulphur 
with potash, or fixed vegetable alkali, is called 
sulphuret of potash; that which it forzns with 
ammoziia, or volatile alkali, is termed sulphuret 
of ammoma, i 

Hydrogen is likewise capable of combining 
with znany combustible substances. In the 
state of gas it dissolves charcoal, sulphur, phos- 
phorus, and several metals; we distinguish 
these combinations by the terms, carbonated 
hydrogen gas, sulphurated hydrogen gas, and 
phosphorated hydrogen gas. The sulphurated 
hydrogen gas was called hepatic air by former 
chemists, or foetid air from sulphur^ by M. 
Scheele. The virtues of several zzxineral waters, 
and the foetid smell of animal excrements, 
cliiefly arise from the presence of this gas. The 
phosiffiorated hydrogen gas is reznarl^ble for 
the. property, disooveaped by M. Gengembre, 
of taking fire spontaneously upon gettiz^ into 
contact with atmospheric air, or, what is bet- 
ter, with oxygen gss. This gas has a strong fla- 
vour, resembling that of putrid fish, andlit is 
very probable that the phosphor^cent 
of fish in the state of putrjsfaclaon aris!^ 
the escape of this speeies of gas* Whe4 
gen and charcoal are combin^^ together, With- 
out the intervehticb of (^loz%l to bring the hy- 
drogen mto the state.of gas,, 
which k either . fixed or 
the proportions el hydrogen and <^rcoal in ^ 
composition. The 

or iat oils drawn, from vegeifahl^.hy 
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cil8|.Jbi 4^t Urn 
foisa^^ 0 caM»uiiBmex»Mi of ehai\9(iial, wbioh is 
<9epaiia4iQd wbea the oils axa heated above the 
degree of hoiliag water; whereas, the volatile 
oiteii^teja^ a iust proportiQii of ftese two 
eonstitoeoi are not fiaUe to he de- 

oom|>osed by that heat, but, uniting witi^ car 
toric; into the gsaeous state, pass over in dis* 
tiUation unehanged. 

In the Bepueil de PAcadimie for 1784, p. 593, 
I gave an account of my experiments upon the 
composition of oil and alcohol, by the union of 
hydrog^ with charcoal, and of their combina- 
tion with oxygen. By these e3qperiment8, it ap- 
pears that <nls combine with oxygen dur-. 
ing combuE^n and are thereby converted 
into Water and carbonic acid. By means of cal- 
culation applied to the products of these ex- 
periments, we find that fixed oil is composed of 
21 parts, by weight, of hydrogen combined 
with 79 parts of charcoal. Perhaps the solid 
substances of an oily nature, such as wax, con- 
tain a proportion of oxygen to which they owe 
their state, of solidity. I am at present engaged 
in a series of experiments, which I hope will 
tim)w great light upon this subject. 

It is worthy of being examined whether hy- 
drogen in its concrete state, uncombined with 
caloric, be susceptible of combination wilh sul- 
phur, phosphorus, and the metals. There is 
nothing that we know of which, a priori, should 
render these combinations impossible; for com- 
bustible bodies being in general susceptible of 
combination with each other, there is no evi- 
dent reason for hydrogen b^g an exception 
to the rule; however, no direct experiment as 
yet establishes either the possibility or impos- 
sibility of this union. Iron and 4Bino are the 
most likeiy, of all the metals, for entering into 
combination with hydrogen; but, as these have 
theproperty of decomposing water, and as it is 
vhry difficiflt to get entirely free from moisture 
in chemical exp^iments, it is haimUy i^ible 
to, determine whether the small portions of 
hyckogeiLi^' obtained in certain experiments 
witii these metals Were previously combined 
wICb the metal in the state solid^faydrt^n, 
or if they were produced by thedeccanposition 
^ a mmute^uantity of waters. The more care 
we inke to prevent the presence of water m 
tbeeaesqpieiinmnts; tiie less is the quantity of 
blrdrogen gas procured; and, when very aeou* 
fate p]W<mtions aeeemployed, erai that qu^ 
4^ becomes^imri^ sen^ 

'ih Hcnmer thte inquiry may turn oatseiq^eot* 
of comhnsi^ bodies^ as^fsul* 


absorb hyr. 

dr0i8^n,jwa are, pertaJpo; that they pnly'^b^l^ 
.emaU ip^on; and that cen^^tipn,. 
inatod of temg essential to thair copstitu^n,, 
can only be oonsidered as a lortign^subsl!^^ 
which contaminates their puritl!* ^ is. the 
province of the advocates ^ for t^ system^ ^ 
prove, by decisive experiments^ the exifiK 
tenoe of this combined hydrogen, which they 
have hitherto only done by oonjeetuneafounded. 
upon, suppositions. ^ 

CHAPTER XI . 

Observations updh Oxides and Acids imJth Seih 

etcd Bases, and upon the Composition of Anir 

mol and Vegetable Substances , 

Wb have in Chapters V and VllI exarnkjed the 
products resulting from the combustion of the 
four simple combustible substances, sulphur, 
phosphorus, charcoal, and hydrogen: we have 
shown in Chapter X that the mmp(e .C(wbus- 
tible substances arecapable ofoombinii^ mik 
each other into compound combusl^le sub- 
stances and have observed that mb in g^er^, 
and particularly the fiixed vegetabteoib, belong 
to this class, bemg composed of hydrog^ and 
eharcoaL It remains, in thb chapter, to treat 
of the oxygenation of these compound com- 
bustible substances and: te ehow^ ihat there 
exbt acids and oxides having doubkand triple 
bases. Nature furnishes us with numerous 
examples of thb kind of combinationi : by 
means of which, chiefiy, she is enal^.to pro-, 
duce a vast variety of compounds from a very 
limited number of elements or simple au^ 
stances. 

It was long ago well known that! when mu- 
riatio and nitric acids were mixed tog^er a 
cmnpound acid was formed, having prQpeiiies 
quite distinct from those of either pi the acids 
taken separately. Thb acid was ^calHM 09^ 
regiOf from its celebrated proper^ pf ^s- 
solving gc4d, called king of meteds ky theahha^ 
mists. M. Berihcdlet has dletinetiy proved that 
thopeculiar peoples erf. tiusamd arise from the 
combined, action, of its two ncidifiable baseSi 
aud this leascm we have judged it neceswy 

to dbtiiusmitiiit:by anappip^ name;r:^t 
of. add appears extrepisty a^pn 

pU(salrie> fimn its ex^fessing the nature.^ the 
twusubi^nceswhbh^iterintoitee^ 
idicabte^: from Its expressing the natiim .ef 
the.twO;WUhstance8 which enter, 
posttidn.* .*v, 

* Thi». > igA««iflafniitiAn of. a m one 
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add, wfaich had foittieriy been di)a®^ only 
in mtltHnuriatic aold, occunsi continually 
in &e vegetable kingdom, in which a dmple 
add, ot One posaess^ of a single acidifiable 
base, is very rardy found. Almost all the acids 
procurable from this kingdom have bases com- 
posed of charcoal and hydrogen, or of charcoal, 
hydrogen, and phosphorus, combined with 
more or less oxygen. All these bases, whether 
double or trifle, are likewise formed into ox- 
ides, having less oxygen than is necessary to 
give them the properties of acids. The acids 
and oxides from the animal kingdom are still 
more compound, as their bases generally con- 
sist of a combination of charcoal, phosphorus, 
hydrogen, and azote. 

As it is but of late that 1 have acquired any 
clear and distinct notions of these substances, 
I shall not, in this place, enlarge much upon 
the subject, which I mean to treat of very fully 
in some Mimoires I am preparing to lay before 
the Academy. Most of my experiments are al- 
ready performed; but, to be able to give exact 
reports of the resulting quantities, it is neces- 
sary that they be carefully repeated and in- 
creased in number: wherefore, I shall only give 
a short enumeration of the vegetable and ani- 
mal acids and oxides and terminate this article 
by a few reflections upon the composition of 
vegetable and animal bodies. 

Sugar, mucus, under which term we include 
the different kinds of gums, and starch, are 
vegetable oxides, having hydrogen and char- 
coal ccnnbined, in different proportions, as their 
radicals or bases, and united with oxygen so as 
to bring them to the state of oxides. From the 
state of oxides they are capable of being changed 
into adds by the addition of a fresh quantity 
of oxygen; and, according to the degrees of 
oxygenation, and the proportion of hydrogen 
and charcoal, in their bases, they form the sev- 
eral kinds of vegetable acids. 

It woidd be easy to apply the principles of 
our nomenclature to give names to these vege- 
table adds and oxides by using the names of 
the two substances which compose their bases: 
they would thus become hydro^rbonous acids 
and oxides. In this meth^ we mi^t indicate 
which of their elements existed in excess, with- 
out drcumloeution, after the manner used by 
M. Rouelle for naming vegetable extracts: he 
these ex^adxhftdnouB wh^ the extractive 
maf^ prevails in their composition, and reei- 
when they contain a larger pro- 
jportidn of msinous matter. Upon that plan, 
Ond bsir Vtuyiics the terminations according to 


the formerly establidied rukst of our nomen- 
clature, we have the following denominations: 
hydrcHxarboTumat hydr&'^bmic;^ 
rouSf and carbono^hydric oxides. And ior tiie 
acids: hydrcncarhorumSi hydro ccarhof^, oxygen- 
ated hydro-carhome; mrbono^ydimtOf carbono- 
hydrvCf and oxygmoJki oarboTUhkydric. It is 
probable that the above terms would suffice 
for indicating all the varieties in nature, and 
that, in proportion as the vegetable adds be- 
come well understood, they will naturally aiv 
range theihselves under these denominations.' 
But, though we know the elements of which 
these are composed, we are as yet ignorant of 
the proportions of these ingredients ind are 
still far from being able to class thenl in the 
above methodical manner; wherefore, we have 
determined to retain the andent namW pro- 
visionally. I am somewhat further advanced in 
this inquiry than at the time of publishing our 
conjunct essay upon chemical nomenclature, 
yet it would be improper to draw decided con- 
sequences from experiments not 3 ret suffidently 
precise. Though 1 acknowledge that this part 
of chemistry still remains in some degree ob- 
scure, I must express my expectations of its 
being very soon ducidat^. 

I am still more forcibly necessitated tq fol- 
low the same plan in naming the acids Which 
have three or four elements combined in their 
bases; of these we have a considerable number 
from the animal kingdom, and some even from 
vegetable substances. Azote, for instance, joined 
to hydrogen and charcoal forms the b^ or 
radical of prussic acid; we have reason to be- 
lieve that the same happens with the base of 
gallic acid; and almost all the animal acids 
have their bases composed of azote, phosphor- 
us, hydrogen, and charcoal. Were we to en- 
deavour to express at once all these four com- 
ponent parts of the bases, our nomenclature 
would undoubtedly be methodical; it would 
have the property of being clear and determin- 
ate; but this assemblage of Greek and Latin 
Buletantives and adjectives, which are not yet 
universally admitted by diemists, would have 
the appearance a barbarous languagSi diffi- 
cult teth to pronounce and to be remembea^ 
Besides, this part of chemistry being still far 
from that accuracy it must arrive to, the pi^ 
fection of the science oug^t certainly to pre- 
cede that of its language; and we must still, 
for some time, retain Sie nld names for the 
animal oxides and acids. We fahve only vmt 
tured to make a few sUi^t modifications of 
these names, by changing the teniiuiatiim i^to 
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Olid ish&a we liiive reason to sup^pose the base 
to bein exeesB,' and into ie when we suspect the 
oxygen predominates. 

, The following are all the vegetable acids 
hitherto knoi^: 

1. Acetous acid 8. Pyro-itiucous acid 

2. Acetic add 9. I^ro^lignousadd 

3. Oxalic acid 10. Gallic acid 

4. Tartarous acid 11. Benzoic acid 

5. ^ Byro-tartarous acid 12. Camphoric acid 

6. Citric add 13. Succinic acid 

7. Malic acid 

Though all these acids^ as has been already 
said, are chiefly, and almost entirely, composed 
of hydrogen, charcoal, and oxygen, yet, prop- 
erly speaking, they contain neither water, car- 
bonic acid, nor oil but only the elements neces- 
sary for forming these substances. The power 
of affinity reciprocally exerted by the hydro- 
gen, charcoal, and oxygen, in these acids is in a 
state of equilibrium oidy capable of existing in 
the ordinary temperature of the atmosphere; 
for, when they are heated but a very little 
above the temperature of boiling water, this 
equilibrium is destroyed, part of the oxygen 
and hydrogen unite and fortn water; part of 
the charcoal and hydrogen combine into oil; 
part of the charcoal and oxygen unite to form 
carbonic acid; and, lastly, there generally re- 
mains a small portion of charcoal, which, being 
in excess with respect to the other ingredients, 
is left free. I mean to explain this subject some- 
what farther in the succeeding chapter. 

The oxides of the animal kingdom are less 
known than those from the vegetable kingdom, 
and their number is as yet not at all deter- 
mined. The red part of the blood, lymph, and 
most of the secretions, are true oxides, under 
whieh point of view it is very important to con- 
sider thmn. We are only acquainted with six 
animal acids, several of which, it is probable, 
approach very near each other in their nature, 
or, at least, only in a scarcely sensible 
degree. I do not include the phosphoric acid 
tmongst these, because it is found in all the 
kingdoms of nature. They are: 

Lactic, acid 4. Formic acid 

2;*Saccho^lactic acid 5. Sebaclcacid 

JBombic acid 6. Prussic acid 

The eoUnection between the ccmstitu^t db- 
znents of the ftnimaf oxides and acids is ,not 
mtote permanent than in those from the vege- 
table Ungdom, an a snudl increase of temp^a- 
tiiie is si^Bdent jta overturn it. I hope to ren- 
der tibl^ subjeet more distinct in the foUowing 
thapinr tfaw has hem done hitherto. 


CHAPTEEXH 

Of the DfioonipoeU^ of Vegetable and Animal 

Sttbstoncee hy the Actum of Fire 

Bbfoke we ean thoroughly comprehend what 
takes place during the decomposition of vege- 
table substances by fire, we must take into 
consideration the nature of the elements which 
enter into their composition, the different af- 
finities which the particles of these elements 
exert upon each other, and the affinity which 
caloric possesses with them. The true constit- 
uent elements of vegetables are hydrogen, oxy- 
gen, and charcoal: these are common to all 
vegetables, and no vegetable can exist without 
them. Such other substances as exist in partic- 
ular vegetables are only essential to the oom- 
position of those in which they are found and 
do not belong to vegetables in general. 

Of these elements, hydrogen and oxygen 
have a strong tendency to unite with caloric 
and be converted into gas, whilst diarcoal is a 
fixed element having but little affinity with 
caloric. On the other hand, oxygen, which, in 
the usual temperature, tends nearly equally to 
unite with hydrogen and with charcod, has a 
much stronger affinity with charcoal when at 
red heati and then unites with it to form cai^ 
bonic acid. 

Although we are far from being able to ap- 
preciate all these powers of affinity, or to ex- 
press their proportional energy by numbers^ 
we are certain that, however variable they may 
be when considered in relation to the quantity 
of caloric with which they are combined, thqy 
are all nearly in equilibrium in the usual tem- 
perature of the atmosphere; hence vegetables 
neither contain oil,^ water, nor carbonic acid, 
tho’ they contain all the elements of the^ sub^ 
stances. The hydrogen is neither combined 
with the oxygen nor with the charcoal, and re- 
ciprocally; the particles ,of these three sub- 
stances forma triplecombmationwhitffiiemains 
in equilibrium whilst undisturbed by calorie, 
but a very slight increase of temperature is suf- 

1 Though this term, red heat, does not indieatesny 
absolutely determinate d^prw of temperature, I 
shall use it sometimes to express a temperature eohr 
sxderably above that of boiling Water. — AtTVStdit. 

* I must be understood here to speak of vegstahlss 
reduced to a perfectly dry state; apd, with respect, tp 
oil, 1 do not mean that which is procured tiy exp^^ 
Bson either in the cold, or in a temiMtature not «k- 
ceedhig that of boiling water; I only allude-^to t|ie 
einpyreumailo oil procured by distillation with, a 
nakra fire, in a heat superior to thet^perathroof 
boilii^ water; which is the pnly wil deitwed ip Ibe 
product by tho opwation of fire. What Ihave nab- 
Ihuiea upon this subject in the 'iteeuetl de VAeadmie 
iot 1786 may be consulted.— Aurma.. 
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combiimtion. 

.H, ^ncjreased temperature to which ,the 
v^^ijsiyie is 'Exposed does not exceed the heat 
of boiling wat&, one part of ihe hydrogen com- 
Mhee with the oxygen and forms water, the 
it»t of the hydiogen combines with a part of 
the^chareod and iorins volatile oil, whilst the 
«fftkinder of the charcoal, being set free from its 
t^nxbinatidn with the other elemente, remains 
in' the bottom of the dii^lling vesseL 
i I’VilaanVon the contrary, we employ red heat, 
water is formed, or, at least, any that may 
have been produtsed by the first application of 
ifee h^ is decomposed, the oxygen hamg a 
greater affinity with the charcoal at this de- 
gree of het^t combines with it to form carbonic 
acidj and the hydrogen being left free from 
bombination with the other elements unites 
with caloric and escapes in the state of hydro- 
gen gas. In this high temperature^ either no oil 
is formed, or, if any was produced during the 
lower temperature at the beginning of the ex- 
periment, it is decomposed by the action of 
the red heat. Thus the decomposition of vege- 
table matter, under a high temperature, is pnv 
duced by the action of double and triple affin- 
ities; while the charcoal attracts the oxygen on 
purpose to form carbonic acid, the caloric at- 
tracts the hydrogen and converts it into hy- 
drogen gas. 

• The distillation of every species of vegetable 
substance confirms the truth of this theory, if 
W'e can .|pve that name to a simple relation of 
facts. When sugar is submitted to distillation, 
so. long as we only ^ploy a heat but a little 
bebwithat of boiling water, it only loses its 
water of crystallization, it ^ill remains sugar 
and retainer all its properties; but, immediately 
upon xaiMag the hieat only a little above that 
degree, it becomes blackened*, a part of the 
separatos from the combination, water 
sOj^riy acidulated passes over accompanied 
fay a IMle oU, and the charcoal whidi remains 
iri tibe retort is nearly a third part of the^orig-* 
inal wei^t of the sugar. 

The operation of affinities which' take {dace 
during tfaedecomporirion) by fire, of vegetables 
su^ as the crudferoua 
f^ts, and of those contidxikig phosphorus, is 
aa these substances 
c^y >^ter mto tthe composition of vegetables 
m *vi|^ small '^bantite, they only, apparent* 
di^,;cha^^ .«ae products’ 
^ oistillfkrion^ seems to ec«n- 

the chwrcoal 4 cqm 
that leinaiiiebefamd^^^^ 


wfafiie the azote, eedibining witl^ a partrbf tfio 
hydrogen, foims anmiiMab^dr vdbt^allEa^ • ^ 

Anffiial substances, behug ocazq^ooed neaity 
of the same el^n^ts With* crudlerouB piaUts, 
give the same products in distillatioai with 
this difference that,.>as they coi^in a greatej^ 
quantity of hydrogen and azote, th^ produce 
more oil and more ammonia. 1 shall only pro- 
duce one fact as a proof of the exactness with 
which this theory dKplainS all the phenbm^ 
which occur diiltfog the distillatii^'of an^af 
substances, which is the rectification and total 
decomposition of volatile animdl oil, oozmnohly 
known by the name of DippePs oil. When 
these oils jaae procured by a first distillation in 
a naked fire they are brown, from containing a 
little charcoal almost in a free state; but they 
become quite colourless by rectificatiom Even 
in this state the charcoal in their compiWtiofi 
has so slight a connection with the o^w ele*^ 
ments as to separate by mere exposure ^ the 
air. If we put a quantity of this animal oil, well 
rectified, and consequently clear, limpid, and 
transparent, into a bell-glass filled with oxygen 
gas over mercury, in a short time the gas is 
much diminished, being absoribed by the oil, 
the oxygen combining with the hydrogen of 
the oil forms water which sinks tO the bottom; 
at the same time the charcoal which was com- 
bined with the hydrogen, being set free, man*^ 
ifests itself by rendering the oil black. Hence 
the only way of preserving these oils colourless 
and trans{)arent, is by keeping them in bottles 
perfectly full and accurately corked, to hinder 
the contact of air, which always diiieoloUts them! 

Successive rectifications of this oil furnish 
another phenomenon oonfirmihg oui^ theory; 
In each distillation a small quantity of chai^cosl 
remains ki the retort, and a little water is 
formed by the union of the* oxygen contained 
in the air of the distilling vess^ witii the hy- 
drogen of the oil. As this takes place in each 
successive distillation, if we make Use of large 
vessels and a considerable degree of heat, we 
at last deeom{)08e-the vffiole of the oil and 
change it entirely into watel* and charcokli 
When weuse small vessels, and espectaliy wh^ 
we employ a idow fire or degree of ; heat' ^tlh 
above that of boiling water, the tdi»l dei:!^nS^ 
position these oils, by repeated distfilatilda, 
is greatly more tedious, and nmre difficult to 
accompfishv 1 shaU give a particfd^ detail^to 
the Academy, in aaephrate 
experiments upon tbs of oiti 

but what I have rdated above may stiffilee^tb 
give just ideiMS ol 





and vegetable substances and oi their .dec(»n- 
position by the action of fire. 

CHAPTER Xm 

0/ the Decomposition of Vegetable Oxides by the 

Vinoits FermentaHon 

The manner in which wine, cider, mead, and 
ail the liquors formed by the spiritous fermen- 
tation, are produced is well known to everyone. 
The juice of grapes or of apples being expressed, 
and the latter being diluted with water, they 
are put into large vats which are kept in a 
temperature of at least 10® (64.5®) of the ther- 
mometer. A rapid intestine motion, or fer- 
mentation, very soon takes place; numerous 
globules of gas form in the liquid and btirst at 
the surface; when, the fermentation is at its 
height, the quantity of gas disengaged is so 
great as to make the Uquor appear as if boiling 
violently over a fire. When this gas is carefully 
gathered, it is found to be carbonic acid per- 
fectly pure and free from admixture with any 
other species of air or gas whatever. 

When the fermentation is completed, the 
juice of grapes is changed from being sweet and 
full of sugar into a vinous liquor which no 
longer contains any sugar, and from which we 
procure, by distillation, an inflammable liquor, 
known in commerce under the name of spirit of 
wine. As this liquor is produced by the fer- 
mentation of any saccharine matter whatever 
diluted with water, it must have been contrary 
to the principles of our nomenclature to call it 
spirit of wine rather than spirit of cider or of 
fermented sugar; wherefore, we have adopted 
a more general term, and the Arabic word 
alcohol seems extremely proper for the purpose. 

This operation is one of the most extraordi- 
nary in chemistry. We must examine whence 
proceed the disengaged carbonic acid and ihe 
inflammable liquor produced and in Irhat man- 
ner a sweet vegetable oxide becomes thus c6n- 
vertod into two such opposite substances, 
whereof one is combustible and the other em- 
kently the contmry: To solve these two ques- 
tions, it is necessary to be previously acquaint- 
ed with the iBnalysiS of the fermentable siib- 
8t«mcc and^ the products of the fermentatbn. 
Wamay lay it' down as an inconteslible axiom 
that, in all op^ations of art and nature, 
nothin is crea^j^aqual q^ntitytrf matter 
edlsto betii b^re^^ after the i^rimi^t;' 
theqiuaiity andqi^^ of the elements remain 

the s^e anil nothing takes plach be- 


tion of these elements. Upon this principle the 
whole B.rt of performing chemical experiments 
depends. We must always suppose an exact 
equality between the elements of the body ex- 
amined and those of the products of its analysis. 

> Hence, since from must of grapes we procure 
alcohol and carbonic acid, I have an undoubted 
right to suppose that must consists of carbonic 
acid and alcohol. From these premises, we 
have two methods of ascertaining what passes 
during vinous fermentation, by determining 
the nature of, and the elements which compose, 
the fermentable substances, or by accurately 
examining the products resulting from fermen- 
tation; and it is evident that the knowledge of 
either of these must lead to accurate conclu- 
sions concerning the nature and composition of 
the other. From these considerations, it be- 
came necessary accurately to determine the 
constituent elements of the fermentable sub- 
stances; and, for this purpose, I did not make 
use of the compound juices of fruits,- the rigor- 
ous analysis of which is perhaps impossible, 
but made choice of sugar, which is easily ana- 
lyzed and the nature of which I have already 
explained. This substance is a true vegetable 
oxide with two bases, composed of hydrogen 
and charcoal brought to the state of an oxide 
by a certain proportion of oxygen; and these 
three elements are combined in such a way 
that a very slight force is sufficient to destroy 
the equilibrium of their connection. By a long 
train of experiments, made in various ways, 
and often repeated, I ascertained that the pro- 
portion in which these ingredients exist in 
sugar are nearly eight parts of hydrogen, 64 
parts of oxygen, and 28 parts of charcoal, all 
by weight, forming 100 parts of sugar. 

Sugar must be mixed with about four times 
its weight of water to render it susceptible of 
fermentation; and even then the eq^brium 
of its elements would remain 'undisturl^, 
Without the assistance of some substanre to 
^ve a commencement to the fermentation. 
This is accomplished by means of a little yeai^ 
from bee^; and, when the fermehtation is once 
excited, it oontinues Of itself until completed. 
1 1 ^ 11 , in another jdace; give an account of the 
effects of yeast, and other ferments, up6n 
mentable Substances. I have usually employ 
10 26s; of yeast, in the state of paste, %r each 
100 lbs. of sqgat, with as much wat^as is four 
tbn^ the wdgfat of the sugaif: I «hali the 
tmjt^ of my experiments exa%tfy as lifey 
obtained, pieservmg even the fraetiona pro- 
duced by calculation. ■ 




Table III. Recapitulation of these Elemmts 



IhB, 

oz. 

of water 

340 

0 

a of water in yeast 

6 

2 

^ of sugar 

64 

0 

of dry yeast 

1 

10 

g of water 

60 

0 

1* of water in yeast 

1 

1 

'f, of sugar 

8 

0 

W of dry yeast 

0 

4 

of sugar 

28 

0 

6 S of yeast 

0 

12 


Azote of ysast 


Having thus accurately determined the na- 
ture and quantity of the constituent elements 
of the mat^ials submitted to feimentation, we 
h^ye next to examine the products resulting 
from t^t process. For this purpose, I placed 
the above 510 Z6s. of fermentable liquor in a 
proper^ apparatus, by means of which I could 
accuratdy determine the quantity and quality 
of gas disengaged during the fermentation, and 
could even weigh every one of the products 
6eparatdy,atany period of the process I judged 
prpper. An hour or two after the substances 
ate xnixed together, especially if they are kept 
in a ten^rature of from 15® (65.75®) to 18® 

above apparatus is described in the Third 
jPartw— AcrasoB. 


gros 

grs. 

lbs. 

oz. 

gros 

grs. 

0 

0 





3 

0 

44.60 

0 

411 

12 

6 

1.36 

2 

28.76 





0 

0 





2 

0 

71.40 

0 

69 

6 

0 

8.70 

5 

9.30 





0 

4 

0 

59.00 

28 

12 

4 

59.00 



0 

0 

5 

2.94 

Total 

510 

0 

0 

0 


(72.5®) of the thermometer, the &rst marks of 
fermentation commence; the liquor turns thick 
and frothy, little globules of air are disengaged 
which rise and burst at the suiiace; the quan- 
tity of these globules quickly increases, and 
there is a rapid and abundant production of 
very pure carbonic acid,, accompanied with a 
scum which is the yeast separating frpm the 
mixture. After some days, less or more accord- 
ing to the degree of heat, the intestine motipn 
and disengagement of gas diminit^; but these 
do not cease entirely, nor is the fermentation 
completed for a consid^aUe time. During the 
luowss, 35 Sw. 5 oz. 4 gros 19 ^a. <rf diy csr^ 
bonic acid are disengag^, which carry, 
with th«m 13 Zi>a. If os. 5 gros qf w{^rV.TIiei^ 



jffc <rf vtaow fiwSJli iHjJiay/acids^^ 
is at int muddy, but clean of itself, and de- 
posits ».i»Etion of yeast When we separatelv 
soalyse ail &ose stibstmune, which is effected 


Vf. MAe^jmeessec^sm}^^ 


es^ with aB robcudinate .ad mktwww 

iHB be^ietailed at jaigahi ihe<Sen«)fil 

del’Aeaiimie, : 


36 it#. 5 o*. 4 grot 19 grs. of 
carbonic acid, composed 
of 

408 lbs, 15 oz, 5 gros 14 grz. 
of water, composed of 


67 IhB. 11 02. 1 groB 58 grB, of 
dry alcohol, composed 
of 


2 Z6s, 8 oz, of dry acetous 
acid, composed of 

4 lbs, 1 02. 4 groB 3 grB. of 
residuum of sugar, 
composed of 

1 Ih. 6 02. 0 groB 5 gvB. of 
dry yeast, composed of 

510 IbB. 


Table IV. FrodmU of Fermdnto^n 

tbs. 


oz, groB gri. 


Oxygen 

Charcoal 


25 

9 


7 

14 


1 

2 


34 

57 


Oxygen 47 

Hydrogen 61 

Oxygen, combined 
with hydrogen 31 0 

Hydrogen, combined 
with oxygen 5 g 

Hydrogen, combined 
with charcoal 4 0 

Charcoal, combined 
with hydrogen 16 11 

Hydrogen 0 2 

Oxygen 1 n 

Charcoal 0 

Hydrogen 0 

Oxygen 2 

Charcoal 1 

Hydrogen 0 

Oxygen 0 

Charcoal 0 

Azote 0 


10 0 59 
6 4 27 


64 


5 
4 
4 

10 0 
5 1 


9 

2 

2 

13 

6 

0 


7 

2 

2 

1 

2 

2 


63 

0 

0 

0 

67 

27 

53 

41 

14 

30 

37 


409 IbB, 10 oz, 0 groB 64 grs. 
of oxygen contained in 
the 


28 lbs, 12 02. 5 groB 59 grB, 
of charcoal contained in 
the 


71 IbB, 8 oz, 6 groB 66 ^•b, of 
hydrogen, contained in 
the 


Total 

510 

0 

0 

0 

-■capUidation of the Products 
lbs. os. 

groB 

grB, 

Water 

347 

10 

0 . 

59 

Carbonic acid 

25 

7 

1 

34 

f. Alcohol 

31 

6 

1 

64 

1 Acetous acid 

1 

11 

4 

0 

Residuum of sugar 

2 

9 

7 

27 

Yeast 

0 

13 

1 

14 

CArbonic acid 

9 

14 

2 

57 

Al^hol 

16 

11 

5 

63 

1 Acetous acid 

0 

10 

0 

0 

Residuum iCtf sugar 

1 

2 

2 

53 

Yeast . , , ^ 

0 

6 

2 

30 

Water 

61 

5 

4 

27 

Water of the alcohol 6 

8 

5 

3 

• Combined jnih the 
charcoal of 
cohol 

4 

0 

5 

0 

Acetous acid 

0 

2 

4 

0 

Residuum^ of sugar 

0 

5 

1 

67 

, Yeast ‘ ‘ 

0 

2 

2 

41 

of azote in the'yeast 

0 

0 

2 

37 

T^tai i > J 

HO 

0; 

0 

0 


Wife*. 




In these results I haire been exact, eeeu to 
grams; not that it is possible, in experiments 
m this nature^ to carry our accuracy so far, but 
as tbeexperhnents were made only with a few 
pounds of sugar, and as, for the sake of com* 
parison, I reduced the results of the actual ex- 
periments to the quintal or imaginary hundred 
pounds, I thought it necessary to leave the 
fractional parts precisely as produced by cal- 
culation. 

When we consider the results presented by 
these tables with attention, it is easy to dis- 
cover exactly what occurs during fermentation. 
In the first place, out of the 100 lbs. of sugar 
employed, 4 lbs. 1 oz. 4 gros 3 grs. remain, with- 
out having suffered decomposition; so that, in 
reality, we have only operated upon 95 lbs. 14 
oz. 3 gros 69 grs. of sugar; that is to say, upon 
61 lbs. 6 oz. 45 grs. of oxygen, 7 lbs. 10 oz. 6 gros 
6 grs. of hydrogen, and 26 lbs. 13 oz. 5 gros 19 
grs. of charcoal. By comparing these quanti- 
ties, we find that they are fully sufficient for 
forming the whole of the alcohol, carbonic 
acid and acetous acid produced by the fer- 
mentation. It is not, therefore, necessary to 
suppose that any water has been decomposed 
during the experiment, unless it be pretended 
that the oxygen and hydrogen exist in the 
sugar in that state. On the contrary, I have al- 
ready made it evident that hydrogen, oxygen 
and charcoal, the three constituent elements of 
vegetables, remain in a state of equilibrium or 
mutual union with each other which subsists 
so long as this union remains undisturbed by 
increased temperature, or by some new com- 
pound attraction; and that then only these ele- 
ments combine, two and two together, to form 
water and carbonic acid. 

The effects of the vinous fermentation upon 
sugar is thus reduced to the mere separation of 
its elements into two portions; one part is oxy- 
genated at the expense of the other sp to 
form carbonic add, whilst the other part, be- 
ing disoxygenated in favour of the fonnear,. is 
converted into the combustible substancealco- 
hoi; therefore, if it were possible to reunite al- 
cohol and carbonic acid together, we ought to 
form sugar. It is^d^t that the charcoal and ‘ 
hydrogen in the alcohol do not exist in, this 
state of oil. They are combined with a jfjortion 
of oxygen, whidn renders them miscible ^th 
water; wherefore these three substances’ o;^y- 
g^, hydrogen, aiid diareoal, exist here like- 
wise in a species of equiilbriqm or recipjtpqal 
cmnbinatlon; and in fact, when they are made 
to pass through ^ red‘ hot tuba of glass or por- 


celain,' this nnion or eqailihrium' is 
thael^ents become corniced, and two^ 
and water and carbonic held are foln^« 

1 had formally advanced,' in my first Mim^ 
oires upon the formation of water, that it was 
decomposed in a great number of chemical ex- 
periments and particularly during the vinous 
fermentation. I then supposed that water ex- 
isted ready formed in sugar, though I am now 
Gon^dneed that sugar only contains the ele- 
ments proper for composing it. It may be read- 
ily conceived that it must have cost me a good 
deal to abandon my first notions, but by sev- 
eral years reflection, and after a great number 
of experiments and observations upqfn vege- 
table suljsfances, 1 have fixed my Meas as 
above. \ 

1 shall finish what I have to say upoi» vinous 
fermentation by observing that it furnishes us 
with the means of analysing sugar and\every 
vegetable fermentable matter. We ma^^ con- 
sider the substances submitted to fermenta- 
tion, and the products resulting from that op- 
eration, as forming an algebraic equation; and, 
by successively supposing each of the elements 
in this equation unknovm, we can calculate 
their values in succession, and thus verify our 
experiments by calculation, and our calculation 
by experiment reciprocally. I have often Isuc- 
cessfully employed this method for correcting 
the first results of my experiments and to direct 
me in the proper road for repeating them to 
advantage. I have explained myself at large 
upon this subject, in a Memoirs upon vinous 
fermentation already presented to the Acad- 
emy which will speedily be published. 

CHAPTER XIV 

Of the Putrefactive FerrnerUation 

Thx phenomena of putrefaction are caused, 
like those^ of vinous fermentation, by the oper- 
ation of very coipplicated affinities. The con- 
stituent elements of the bodies submitted to 
this process cease to continue in equilibrium in 
the threefold combination and form themselves 
anew into binary combinations, or compounds, 
consisting of} two elements only; but these are 
entirely different from the results produced by 
the vinous fermentation. Instead of one part of 
the hydrogen remaining united with part of 
the water and charcoal to form alcohol, as in 
the vinous, fermentation, the whole of the hy- 
drogen is dissipated, during putrefaction, in 
the form of hy^ogen gai; wifat, at the same 
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fhi^ uiatibit tdtb 

'tecawla the fonti^f eafl^ic gaii$ 

«0^tliiW;,»wliai1Jie whd^^l'proedss is fitri^^; W 
p&^lly if ibfS materials have been miked with 
a Mffioient ^Wntity df water, nothing remains 
but the earth of vege^fole mix^ with a 
smafi ^iCMrtion of icharboel asifd iron. iThus pu-* 
trefdetion is nothing more than a complete 
analysis of ve^table substance, during which 
the whole of the constituent elements is disen- 
gaged in fOrm^of gaS) exc^pi the earth which 
remains in the state of mould.^ 

Such is the result, of; putrefaction when the 
substances submitted io it contain only oxy- 
gon, hydrogen, charcoal and a little earthV'But 
this case is rare, and these snb^ap^ putrify 
imperfectly and with difficulty, and require a 
consideraUe time to complete their putrefac* 
tion. It is otherwise with subkances contain- 
ing asote, which’ indeed exists in all animal 
matters and even in a considerable number Of 
vegetable substances. This additional element 
is remarkably favourable to putrefaction,- and 
for this reason animal matter is mixed with 
vegetable when the putrefaction of thek is 
wished to be hastened. The whole art of form- 
ing composts and dunghills, for the purposes of 
agriculture, consists in the proper application 
of this admixture. ' 

The addition of azote to the materials 
putrefaction* not only accel^ates the process; 
that element likewise combines w^lh part of 
the hydrogen and forms a new substance called 
volaiile alkali or amrmrm. The results obtained 
by analysing animal matters, by different proc- 
esses, leave no roenn for doubt with regard to 
the constituent elements of ammonia; when*^ 
ever the aze^ has been previously separated 
from these substances, no ammonia is pro- 
duced; and in all cases they furnish* ammonia 
only in pro|k)rtieiii to the azote they contain,^ 
This composition of ammonia is likewise fUUy 
proved by M. Berlhollet, in the^ de 

VAiUtxUnm for 1786^ p. >816, where he jpves a 
variety of analj^ical process by whfoh am-' 
monk k 'decomposed and its two etemi^ts,^ 
azote and hydm^, '*pioeuiod sepamtsly^ « ' 

I mentioned /in> Chapter X tl^t idmust aU 
combustible bodies were cabbie of c^bink^ 
with ' each other/'Hydro^' gas possesses this 
quality 'in an eminent degree^; it dissolves diar<* 
cMxd, j^phur^ wd phos^rus, pfodueix^ the' 
eompouii^ muned ga»;' 



sutphurated 

drogen gas. The two latter pf t^ese gases have a 
peculiarly disagreeable flavour; the sulphur- 
ated hydrogen gas has a strong re8€M)iance 
to the smell Pf rotten eggs, and the 
ated SJhellS exactly like putrid fish. Amr^k 
has likewise a peculiar odour, not less pene- 
trating or less (hsagreeable than these other 
gasesi'From the mixture of thb^ different fla- 
vours proceeds the fetor which aoeotnpanles 
the putrefaction of animal substanoesi Some^ 
timeis ammonia predominates, which’ is easi^ 
pemrived by its sharpness upon the eyes'; 
sometimes, ^ in feculent matters, the sulphur- 
ated gas is inost prevalent; and sometimes, an 
in putrid herrings, the phosphorated hydre^^en 
gas is most abundant. 

t long supposed that nothing Oodd derange 
or interrupt the course of putrefaction; hut Mv 
Fourcroy and M. Thouret have observed 
some peculiar phenomena in dead bodies, 
buried at a certain depth and preserved to a 
certain degree from contact with air, having 
found the muscular flesh frequently converted 
into true animal fat; This must have arisen 
from the disengagement of the azote, naturally 
contained in the animal substance, by some 
unknown cause, leaving only the hydrogen 
and charcoal remaining, which are the ele- 
ments proper fen* producing fat or oil. This ob- 
servation upon Ihe possibility of converting 
animal substances into fat may some time or 
other lead to discoveries of great importanee 
to society. Tte faeces of animals, and other ex-i 
erementitious matters, are chiefly composed of 
charcoal and hydrogen and approach consider-' 
ably to the nature oil, of wl^h they furnkh 
a considerable quantity by distillation w^ a 
naked fire; but tlie intolerable fetw which ac-' 
cmnpsniesnii the products of these substances 
prevents our expecting ti^at, at least fora long 
time, they can ^rendered useful in any Olhwr 
way than as^ manures. 

I have only given conjecture approkeid^ 
tiems 'in tkiu chapter upon the cdmp^lon Of 
animal ekbstanc^ which is hitherto hn% inn^' 
perfectly undeietcKMi We know that they arO 
coinpos^ hydrogen, charcoal, azote, p!^ 
phorus/an^^lpUm;, eU of which, in a state of 
qmMuplecckflm^ are brought to thestate 
of oxides by alarger or smaller quantityel 0^ 
geh. We are/ however, still unacquai&^ '^th 
the proportions in which these sUbStanoes are 
combing; and^lnust leave it to time to ccmxi- 
ptete* tlfls'part nf cbemioal anatysiSj as it hik’ 
already^doik with aevmd others. 



4A Uivomm 


CHAPTIJB ZV 

Of the Acetoits TemerdaHon 

Teb acetous fermentation is nothing more 
than the acidification or oxygenation of wine, 
produced in the open air by means of the ab- 
sorption of oxygen. The resulting acid is the 
acetous acid, commonly called vinegar, which 
is composed of hydrogen and charcoal united 
together in proportions not yet ascertained 
and changed into the acid state by oxygen. As 
^negar is an add, we might conclude from 
analogy that it contains oxygen, but this is put 
beyond doubt by direct experiments: in the 
first i^oe, we cannot change wine into vinegar 
without the. contact oi air containing oxygen; 
secondly, this process is accompanied by a di- 
minution of the volume of the air in which it is 
qaiTried on. from the absorption of its oxygen; 
and, thirdly, wine may be changed into vinegar 
by any other means of oxygenation. 

Indep^dent of the proofs which these facts 
famish of the acetous acid being produced by 
the oxygenation of wine, an experiment made 
hy M. Chaptal, Professor of Chemistry at 
Montpellier, gives us a distinct view of what 
takes place in this process. He impregnated 
water with about its own bulk of carbonic acid 
from fermenting beer and placed this water in 
a cellar in vessels communicating with the air, 
fmd in, a short time the whole was converted 
into acetous acid. The caribonic acid gas pro- 
cured from beer vats in fermentation is not 
perfectly pure but contains a small quantity of 
alcohol in solution, wherefore water impreg- 
nated with it contains all the materials neces- 
sary forming the acetous acid. The alcohol 
feirnishes hydrogen and one portion of char- 
coal, Uie carbonic acid furnishes oxygen and 
the rest of the charcoal, and the air of the at- 
aaosphere furnishes the rest of the oxygen nec- 
changing the mixture into acetous 
acid. From this observation it , follows that 
nothing but hydrogen is wanting to convert 
qarboiidn add- into acetous acid; or more gen- 
erally that, by means of hydrogen and accord- 
ing to the degree of oxygenation, carbonic acid 
may be changed into ^1 tiie vegetable acids; 
and,^ on the ccmtrary, that, by depriving any 
qf the vegetable .aci^ of thear It^drogen, they 
may be eonvert^into carboniq 

the pnndpal facts relaliag to the 
we& Wwn, yet numerical ex- 
adiitpde h still wanting, till furnished by more 
e?!aete3iperimentsthsB 

wheapefixre I shall not:enlarge any farther' upon 


the subject. It is sufiiciently diown by what 
has been said that the constitatian of all the 
vegetable acids and oxides is exactly conform- 
able to the formation of vinegar; but further 
experiments are necessary to teach us the pro- 
portion of the constituent dements in all these 
acids and oxides. We jtnay easily perceive, how- 
ever, that this part of chemistry, like all the 
rest of its divisions, makes rapid progress to- 
wards perfection, and that it is ^ready rendered 
greatly more simple than was formerly believed. 

CHAPTER tn 

Of the Formation of Neutral Salta and jof their 

Different Bases * 

Wb have just seen that all the oxides and adds 
from the animal and vegetable kingdoms are 
formed by means of a small number of ^ple 
elements, orat least of such as have not hither- 
to been susceptiible of decomposition, by means 
of combination with oxygen; these ate azote, 
sulphur, phosphorus, charcoal, hydrogen, and 
the muriatic radical. We may justly admire 
the simplicity of the means employed by na- 
ture to multiply qualities and forms, whether 
by combining three or four acidifiable bases in 
different proportions or by altering the dose of 
oxygen employed for oxidating or acidifying 
them. We shall find the means no less simple 
and diversified, and as abundantly productive 
of forms and qualities, in the order of bodies 
we are now about to treat of. 

Acidifiable substances, by combining with 
oxygen and their consequent conversion into 
acids, acquire, great susceptibility of further 
combination; they become capable of uniting 
with earthy and metallic bodies, by which 
means neutral salts are formed. Acids may 
therefore be considered as true salifying prin- 
ciples, and the substances with which they 
unite to. form neutral salts may be called sofi- 
fioble bases. The nature of the union which 
these two principles form with each other is 
meant as the subject of Hie present ichapter. 

This view of the acids prevents me from con- 
sidering them'as, salts, though they tare pos- 
sessed of many of the principal properties of 
saline bodies, as solubility ih water, have 
alre&dy observed that they are the result oi a< 
first o^er of combination, bdng composed of 
two simple etements^ or a.t least of ^^ments 
which act as if they were simple, and we may 
tbei^fdite them, xm (bii of 

Stahl, in the order oi miiis, .1!^ neutral satts, 
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6ii tfee contwrfy, aj» of iSi secondary order ot 
combination, behig formed by the union of tWo 
mixta with each other, and may therefore be 
temed compounds. Hence I shall not arrange 
the aUcalies^ or earths in the class of salts, to 
which' I allot only such as are composed of an 
oxyi^emtted substance united' to a base. 

I have already enlarged sufficiently upon the 
formation of acids in the preceding chapter 
and shall not add anything further upon that 
subject; but having as yet given no account of 
the satiable bases which are capableof uniting 
with them to form neutral salts, I mean in this 
chapter to give an account of the nature and 
origin of each of these bases. These are potash, 
soda, ammonia, lime, magnesia, barytes, ar- 
gill, and all the metallic bodies. 

Of Potash 

We have already shown that, when a vege- 
table substance is submitted* to the action of 
fire in distilling vessels, its component elements, 
oxygen,' hydrogen, and charcoal, which formed 
a threefold combination in a state of equilib- 
rium, unite, two and two, in obedience to affin^ 
ities which act conformably to the degree of 
heat employed. Thus, at the first application 
of the fire, whenever the heat produced ex- 
ceeds the temperature of boiling water, part of 
the oxygen and hydrogen unite to form water; 
soon after, the rest of the hydrogen, and part 
of the charcoal, combine into oil; and, lastly, 
when the fire is pushed to red heat, the oil and 
water, which had been formed in the early part 
of the process, become again decomposed, the 
oxygen and charcoal unite to form carbonic 
acid, a large quantity of hydrog^ gas is set free, 
and nothing but charcoal remains in theretoH. 

A great part of these phenomena occur dur- 
ing the combustion of vegetables in the open 
air; but, in this case, the presence of the air in- 
troduces three nW substances, the oxygen and 
azote of the air, and caloric, of which two at 
least produce considerable changes in the re- 
sults of the operarion. In proportion as the hy- 
drogen of the vegetable, or that which results 
from the decomposition of the water, is forced 
out in the form of hydrogen gas by th^ progress 
of the fire, it is set on fire immedia.tdy up>(m 
getting in contaet with the air, wat^ is ageun 

1 Perhaps my thus Tejeeting the alkaUes from the 
.dan of sslte'm^ be consider^ as a capital defe^ in 
the method I have adopted, and I am ready to admit 
the charge; hiit this ineonvextienoe is oompei^ted 
by so numy ad’vantages, that I could not think it oi 
sufficient ooneequenbe to make me alter my plan.— 
Ammon. 


farmed, and the greateir part of the cabiiebf 
the two gases booming free prodbees flame. 
When all the hydrogen gas is driven out, bumt^ 
and again reduced to water, the remaining 
charcoal continues to bum, but without flame; 
it is formed into carbonic acid, which carries of! 
a portion of caloric sufficient to give it the 
eous form; the rest of the caloric, from the oxy-* 
gen of the air, being set free, produces the heat 
and light observed during the combustion of 
charcoal. The whole vegetable is thus reduced 
into water and carbonic acid, and nothing rc^ 
mains but a small portion of gray earthy mat^ 
ter called ashes, being the only really fixed 
principles which enter into the constitution of 
vegetables. 

The earth, or rather ashes, which seldom ex- 
ceeds a twentieth part of the weight of the veg- 
etable, contains a substance of a particular na- 
ture, known under the name of fixed vegetable 
alkali or potash. To obtain it, water is poured 
upon the ashes, which dissolves the potash and 
leaves the ashes which are insoluble; by after- 
wards evaporating the water, we obtain the 
potash in a white concrete form : it is very fixed 
even in a very high degree of heat. I do not 
mean here to describe the art of preparing pot- 
ash, or the method of procuring it in a state of 
purity, but have Mitered upon the above detail 
that I might not use any word not previously 
explained. 

The potash obtained by this process is al- 
ways less or more saturated with carbonic acid, 
which is easily accounted for. As the potash 
does not form, or at least is not set free, but in 
proportion as the charcoal of the vegetable is 
converted into carbonic acid by the addition of 
oxygefi, either from the air or the water, it fol- 
lows that each particle of potash, at the instant 
of its formation, or at least of its liberation, is 
in contaet with a particle of carbonic acid, and, 
as there is a considerable affinity between these 
two substances, they naturally combine to- 
gether. Although the carbonic acid has less af- 
finity with potash than any other acid, yet it 
is diffieifit to separate the last portions koia it. 
The most usual method of accomplishing tiiia 
is to dissolve the potash in watery to this solu- 
tion add two or th^ timds its weight of quick- 
Ume» then filtrate the liquor and evaporate it 
in close vessels; the saline substance l^by the 
evaporation is potash almost entirely deprived 
of carbonic acid. In this state it te sduble in an 
equal weight of water, &nd even attracts the 
moisture of theair vAth pmt avidity; by Hba^ 
property it furnishes us with ahexcdliMKt meaiul 





naideniigldt or gas 

ito aotioo.^ this. state it.ia soluble m abobol, 
tboiighaot when comfaioed wi^ oarbooioacid; 
and Mil Bertholbt employs this> property as a 
method of j)t!Ocuim potash in the state of per- 
leetpuiity. I 

^ > All vegetables yield lessor more of potash in 
Gonseqiience of combustion, but it is furnished 
m various degrees of purity by different 
tables; usually, indeed, from all of them it is 
mixed with different salts frbm which it isjeasi- 
ly ^separaUe. We can hardly entertain a doubt 
iumt tha adies or earth which is left by.vege- 
tabks hi oomtaistion pre-existed in them be- 
fore. they were burnt, forming what may be 
called the skeleton or osseous part of the veg- 
etable. But it is quite otherwise with potash; 
this substance hii never yet been procured 
from vegetables but by means of processes or 
mterme^a capable of furnishing oxygen and 
asote^ such as combustion, or by means of ni- 
irie acid; so that it is not yet demonstrated 
that pot^ may not be a produce from these 
operations. I have begun a series of experi- 
ments upon this object and hope soon to be 
able to give an account of their results. 

Of Soda 

Soda, like potash, is an alkali procured by 
lixiviation from the ashes of burnt plants, but 
only from those which grow upon the seaside, 
and espedally from the herb kali^ whence is de- 
rived the mmo alkali given to this substance 
by Ihe Arabians. It has some properties in com- 
mon with potash and others which are entirely 
different. In general; these two substances have 
peculiar chapters in their saline combinations 
which are proper to each and consequently dis- 
iinguidi them fromeach other ; thus soda, which, 
aa Stained from marine plants, is . usually en- 
tail saturated with carbonic arid, doesnot at- 
tract Ibe humidity of the atmosphere like pot- 
arii, but, on thenkmtrary, desiccates, its crystsds 
cffioresoe and am converted into a white pow- 


ly any depirive 

comporition of; potash apdfo#; ,^ . . 


Wehaye, however, very acourateMpFledge 
of the composition of ammonia, or volatile al* 
kali as it is called by the did chemists. M, Ber- 
thoUet, in the Becueil de V^ixuifimie for 1784, 
p. 316, has proved by analysps, that lOOQ parts 
of this substance consist of about gp7 parts of 
azote combined with 193 pairts of hydrogen^ 
Ammonia is chiedyippcurable {romianimal 
substances by distillation, during which proo- 


mation unite in proper proportions; is not, 
however, propur^ pure by this proow» being 
mixed with oil and water and mostly s&urated 
with carbonic acid. To separate th^e sub- 
stances it is first combined with an ao^d, the 
muriatic for instance, and then disengaged 
from that combination by the addition m lime 
or potash. When ammonia is thus produced in 
its greatest degree of purity, it can m\y exist 
under the gaseous form, at least in. the usual 
temperature of the atmosphere; it has an e:^- 
oessively penetrating smell, is absorbed in 
large quantities by water, especially if cold and 
assist^ by compression. Water thus saturated 
with ammonia has usually been termed Vf^aUle 
alkaline fluor; we shall call it either simply, 
monia, or liquid ammonia, and ammoniacalgaa 
when it exists in the aeriform state. 

Of Lime, Magnesia, Barytes, and Argill 

The composition of these four earths is total- 
ly unknown, and, until by new discoveries their 
constituent elements are ascertained, we are 
certainly authorised to consider them as siinpte 
bodies. Art has no share in the production of 
these earths, as they are all procured ready 
formed from nature; but, as they have all, es- 
perially the three first, great tendency to coin- 
binatipn, they are never found pure. Lime is 
usually , saturated with carbonic arid in the 


liziBitiom' 

We areiJMri better acquainted with the con^ 
stitumit riementaof Qoda than with those, of 
potarii, bring equaUyi iitucertam whether it 
furiously esdsted ve^y formed in the v^e- 
latdeor is a combination, of riements effect 
by CcanbUstion. Anakigy leads us to suspect 
li^traiKXlie is a constitueai element of all the 
eSkallife, fis'is the case with ammonia; but we 
isresumptions,^; unconfirmed 


as in gypsum and plaster stones; at pthso* times 
with fluoric arid forming vitreous or ffumr spttrs ; 
and, lastly, it is found in the waters of the! ^ 
and of saline spring, c€S)ri>in6cl withmur^c 
arid. Of all the salifiable bases it is the most 
universally spread through natum ; ^ ^ 

Magnesia is found in 

most part combined with'sulphuric is 

likewise abundant fo sea-water, united 
muriatic acid; and it eidsts ih A grSai.V 
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Barytiesi is tmak less ootasimds than thsi thine 
pr^ssditig earth! is feimd hi the mineral 
kingdom, combined vnih sulphnric add, form- 
iii^ heavy spars,, and sometimes, though rarely, 
unit6d cartoh^^ add. 

Argill, or the base of alum, having less tend- 
ency to combination than the other'I^rtfas, is 
often found in the state of argill, uiicombined 
with any acid. It is chie% proctirable from 
clays, of which, properly speaking, it is tte 
bai^ or chief ingredients 

Of Metdilic Bodies 

The metals, except gold and sometimes sil- 
ver, are rarely found in the inineral kingdpm in 
their metallic state, being i^sually less or more 
saturated with oxygen, or combined with sul- 
phur, arsenic, sulphuric acidj muriatic acid, 
carbonic acid, or phosphoric acid. Metallurgy, 
or the docimastic art, teaches the means of 
separating them from these foreign matters; 
and for this purpose we refer to such chemical 
books as treat upon these operations. 

We are probably only acquainted as yet 
with a part of the metafUc substances existing 
in nature, as all those which have a stronger 
affinity to oxygen than charcoal possesses are 
incapable of being reduced to the metallic 
state and, consequently, being only presented 
to our observation under the form of ondes, 
are confounded with earths. It is extremely 
probable that barytes, which we have just 
now arranged with earths, is in this situation; 
for in many experiments it exhibits proper* 
tie! nearly approaching to those of metallic 
bodies* It is even possible that all the sub- 
stances we eall earths may be only metallic 
oxides, irreducible by any hitherto known 
process. 

Those metallic bodies we are at present ac- 
quainted with, and which we can reduce to t^ 
metallic or reguline state, are the following 
seventeen: 

1. Arsenic 7. Bisnmth 13. Copper 

2. Molybdenum 8. Antimony 14, Merouiy^ 

8. Tungstoi 9. Zinc > 15. Silyer 

4. Manganese 10. Iron IQ* TlaUnnm 

5. Niokd U. lln 17..,i6pM 

5. Cobalt 12* Ii^ad 

I only mean to consider these as a^&Ue 
bases, without entering at all upon the crmsid- 
eraticm of their properties in the arts ahd 
the uses p$ society* In thefe points of ^ei^e^h 
metal would require aeortiplete treatise, i#hieh 


would leadmefaar beyond tirt have 

prescribed for this work. 

CHAPTER XVH 

ConHrmtion of the Observations: upon SalifitAk 
Bases and Formation of NevJtr^ Salts 

It is neoessairy to remark that earths’ and lA-t 
kalies unite with acids to form neutral s^ts 
without the intervention of any medium, where- 
as metallic substances are incapable of forming 
this combination without being previousb^ less 
or more oxygenated; strictly speaking, there- 
fore, metals are not soluble in acids but only 
metalUc oxides. Hence, when we put a met^ 
into an acid fi^ solution, it is necessary, in the 
first place, that it become oxygenated, either 
by attracting oxygen frc»n the acid or from the 
water; or, in other words, that a metal cannot 
be dissolved in an acid unless the oxygen, dither 
of the acid or of the water mixed with it, has 
a stronger affinity to the metal than to the h 5 r- 
drogen or the acidifiablebase ; or, whidh amoimts 
to the same thing, that no metallic solution 
can take place without a previous decompose 
tion of the drater^or the acid in which it is nmd4i 
The explanation of the principal phenomena of 
metallic solution depends entirely upon this 
simple observation, which was overlooked even 
by the illustrious Bergman. > > ^ 

The first and most striking of these is tte ef- 
fervescence, or, to speak less equivocally, the 
disengagement of gas which takes place during 
the solution; in the sdutions made in nitrie 
acid this ^ervescenoe is produced by the disif 
engagement of liitrous gas; in solutions with 
sulphuric acid it is either sulphurous acid gas 
or hydrogen gas, acconfing as the oxidatidn of 
the metal happens to be made at the expense 
of the sulphuric acid or of the water. As both 
nitric acid and water are composed of dbmente 
which, when separate, can only exist in riie 
gaseous form, at least in the common t^oapem^ 
ture of the atmosphere, it is evident that^ when^ 
ever either of these is deprived of its oxygen, 
the reniaining element instantly expi^ 
mad assume the state of gas; the effervescence 
is occasioned by this sudden ccmVeiriidii frolic 
^ liquid to the gaseous state. The eenierdsr 
composition, and consequ^rt foamatioA 
takes place when splurions of 
insul^urto acid: generkl, 
humid way, metals do not attn^tidl ttke 
gen it contains; they therefore rediiob not 
into Buiphiir;hut into ButphOFOim arid^ and as 
ihis add can only fiodst as gasia the timal 
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perature it is disengaged tod occasions cfier* 
vescence. • 

The second phenomenon is that when the 
metals have been previously otidated they all 
dissolve in acids without effervescence. This is 
eadly explained; because, Hot having now any 
occasion for combining with oxygen, they nei- 
ther decompose the acid nor the water by 
which, in the former case, the effervescence is 
occasioned. 

: A third phenomenon, which requires partic- 
ular consideration, is that none of the metals 
produce effervescence by solution in oxygen- 
ated muriatic acid. During this process the 
inetal, in the first place, carries off the excess of 
oxygen from the oxygenated muriatic acid, by 
wUch it becomes oxidated, and reduces the 
add to the state of ordinary muriatic acid. In 
this case there is no production of gas, not that 
the muriatic add does not tend to exist in the 
gaseous state in the common temperature, 
which it does equally with the acids formerly 
mentioned, but because this acid, which other- 
wise would expand into gas, finds more water 
combined with the oxygenated muriatic acid 
tidn is necessary to retain it in the liquid form; 
hence it does not disengage like the sulphurous 
add, but remains and quietly dissolves and 
ocxmbines with the metallic oxide previously 
formed from its superabundant oxygen. 

The fourth phenomenon is that metals are 
absolutely insoluble in such acids as have their 
bases joined to oxygen by a stronger afiinity 
than these metals are capable of exerting upon 
that acidifying principle. Hence silver, mer- 
cury, and lead, in their metallic states, are in- 
soluble in muriatic acid, but, when previously 
oxidated, they become readily soluble without 
effervescence. 

From these phenomena it appears that oxy- 
gto is the bond of union between metals and 
adidstand from this we are led to suppose that 
oxygen is contained in all substances which 
have a strong affinity with acids. Hdice it is 
very probabte the four eminently salifiable 
earths contain oxyg^, and their capability of 
uniting with adds is produced by the mterme- 
diation of that element. What I have formerly 
noticed relative to 'these earths is considerably 
shtogthened by the above considerations, viz. 
that th^ may very possibly be metallic oxides^ 
wtth which oxygen has a stronger affinity than 
with ciMiirooal^ aM consequently not reducible 
tqr any toewn ineans; 

' adds hitherto knownnire enumerated 
ig^ foBovdngtaUe^ the first Column of which 


contains the names of the adds accmding to 
the new nomenclature, and in the second col^ 
umn are placed the bases or radicals of these 
acids, with observations. : 


Names of 
the Acids 
1. Sulphurous 
.2. Sulphuric 

3. Phosphorous 

4. Phosphoric 

5. Muriatic 

6. Oxygenated 

muriatic 

7. Nitrous* 

8. Nitric 

9. Oxygenated 
nitric 


Nunm of. the Bas^^ wUh 
Oieervatums 

Sulphur 

Phosphorus 

Muriatic radical or base, 
hitherto unknown 

i 

Azote 


10. Carbonic Charcpal 


11. Acetous 

12. Acetic 

13. Oxalic 

14. Tartarous 

15. Pyro-tartarous 

16. Citric 

17. Malic 

18. Pyro-lignous 

19. Pyro-mucous 

20. Gallic 

21. Prussic 

22. Benzoic 

23. Succinic 

24. Camphoric 

25. Lactic 

26. Saccho-lactic 


The bases or radicals of all 
these acids seem to be formed 
by a combination of charcoal 
and hydrogen; and the only 
difference seems to be owing 
to the different proportions in 
which these elements combine 
to form their bases, and to the 
different doses of oxygen in 
their acidification. A connect- 
ed series of accurate experi- 
ments is still wanted . upon 
this subject i 

Our knowledge of the bases 
of these acids is hitherto im- 
perfect; we only know that 
they contain hydrogen and 
charcoal as principal elements, 
and that the prussic acid con- 
tains azote 


27. Bombic 

28. Formic 

29. Sebacic 

30. Boracic 

31. Fluoric 

32. Antimonic 

33. Argentic 

34. Arseniac 

35. Bismuthic 

36. Cobaltic 

37. Cupric 

38. Sttonio 

39. Ferric 

40. Munganio 

41. Mercuric 

42. Molybdic 

43. Nickolic 

44. Auric 

45. Platihic 

46. -Plumbio ^ 
47* Tun^ic 
48. Zittcie 


The base of those and all the 
acids procured from animal 
substances seems to consist of 
charcoal, hydrogen, phosphor- 
us, wd azote 

The bases of these two are 
hitherto entirely unknown 

Antimony 
Silver 
Arsenic 
Bismuth 
Cobalt 
* Coffper 
Tin 
Iron 

Manganese 
Mercury 
Molybdenum 
. Nickel 
Gold 

Flatinuni ^ 

Leid 

Ttogsten 

Zine 
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In this list, which contains 48 acids, I have 
enumerated 17 metallic acids hitherto very im- 
perfectly known, but upon which M. Ber- 
thollet is about to publish a very important 
work. It cannot be pretended that all the acids 
which exist in nature, or rather all the acidifi- 
able bases, are yet discovered; but, on the 
other hand, there are considerable grounds for 
supposing that a more accurate investigation 
than has hitherto been attempted will diminish 
the number of the vegetable acids by showing 
that several of these, at present considered 
as distinct acids, are only modifications of 
otheis. All that can be done in the present 
state of our knowledge is to give a view of 
chemistry as it really is and to establish fun- 
damental principles by which such bodies 
as may be discovered in future may re- 
ceive names in conformity with one uniform 
system. 

The known salifiable bases, or substances 
capable of being converted into neutral salts by 
union with acids, amount to 24; viz., 3 alkalies, 
4 earths, and 17 metallic substances; so that, 
in the present state of chemical knowledge, the 
whole possible number of neutral salts amounts 
to 1152. This number is upon the supposition 
that the metallic acids are capable of dissolving 
other metals, which is a new branch of chem- 
istry not hitherto investigated, upon which de- 
pends all the metallic combinations named 
vitreous. There is reason to believe that many 
of these supposable saline combinations are 
not capable of being formed, which must greatly 
reduce the real number of neutral salts produc- 
ible by nature and art. Even if we suppose the 
real number to amount only to five or six hun- 
dred species of possible neutral salts, it is evi- 
dent that, were we to distinguish them after 
the manner of the ancients, either by the names 
of their first discoverers or by terms derived 
from the substances from which they are pro- 
cured, we should at last have such a confusion 
of arbitrary designations as no memory could 
possibly retain. This method might be toler- 
able in the early ages of chemistry, or even till 
within these twenty years, when only about 
thirty species of salts were known; but, in the 
present times, when the number is augmenting 
daily, when every new acid gives us 24 or 48 
new salts according as it is capable of one or 
two degrees of oxygenation, a new method is 
certainly necessary. Themethod wehaveadopt- 
ed, drawn from the nomenclature of the acids, 
is perfeictly analogical and, following nature in 
the simplicity of her operations, gives a na- 
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tural and easy nomenclature applioaUe to every 
possible neutral salt. 

In giving names to the different acids, we ex- 
press the common property by l^e generical 
term add and distinguish each species by the 
name of its peculiar acidifiable base. Hence the 
acids formed by the oxygenation of sulphur, 
phosphorus, charcoal, <&c. are called sulphurie 
add, phosphoric add, carbonic add, &c. We 
thought it likewise proper to indicate the dif- 
ferent degrees of saturation with oxygen by 
different terminations of the same specific 
names. Hence we distinguish between sulphur- 
ous and sulphuric, and between phosphorous 
and phosphoric acids, &c. 

By applying these principles to the nomen- 
clature of neutral salts, we give a common term 
to all the neutral salts arising from the combi- 
nation of one acid and distinguish the species 
by adding the name of the salifiable base. Thus, 
all the neutral salts having sulphuric acid in 
their composition are named sulphates; those 
formed by the phosphoric acid, phosphates, &c. 
The species being distinguished by the names 
of the salifiable bases gives us sulphate of pair 
ash, sulphate of soda, sulphate of ammoniac, sulr 
phate of lime, sulphate of iron, &c. As we are ac- 
quainted with 24 salifiable bases, alkaline, 
earthy, and metallic, we have consequently 24 
sulphates, as many phosphates, and so on 
through all the acids. Sulphur is, however, sus- 
ceptible of two degrees of oxygenation, the first 
of wliich produces sulphurous and the second, 
sulphuric acid; and, as the neutral salts pro- 
duced by these two acids have different prop- 
erties and are in fact different salts, it becomes 
necessary to distinguish these by peculiar term- 
inations; we have therefore distinguished the 
neutral salts formed by the acids in the first or 
lesser degree of oxygenation by changing the 
termination ate into ite, as sulphites, phosphites, 
&c. Thus, oxygenated or acidified sulphur, in 
its two degrees of oxygenation is capable of 
forming 48 neutral salts, 24 of which are sul- 
phites, and as many sulphates; which is like- 
wise the case with all the acids capable of two 
degrees of oxygenation. 

It were both tiresome and unnecessary to 
follow these denominations through all the va- 
rieties of their possible application; it is enou^ 
to have given the method of naming the vari- 
ous salts which, when once well understood, is 
easily applied to every possible combination. 
The name of the combustible and acidifiable 
body being once known, the names of the acid 
it is capable of forming, and of all the neutral 
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«ODalanati<«Bthe addia stnoeptible of entering 


into, are most readily remembered. Such as re- 
r{uiie a mote complete illustration of the meth- 
ods in which the new nomenclature is applied 
will, in the second part of this book, find tables 
which contain a f uU enumeration of all the neu- 
tral salts and, in general, all the possible chm- 
ical combinations, so far as is consistent with 
the present state of our knowledge. To these 1 
shall subjoin diort explanations, containing 
the best and most simple means of procuring 
the (Merent spedes of acids, and some account 
of the general properties of the neutral salts 
tiiey produce. 

I diall not deny that, to render this work 
more complete, it would have been necessary 
to add particular observations upon each spe- 
des of salt, its solubility in water and alcohol, 
the proportions of add and of salifiable base in 
its composition, the quantity of its water of 
crystallization, the different degrees of satiua- 
tion it is susceptible of, and, finally, the degree 
of force or affinity with wliich the add adheres 
to the base. This immense work has been al- 


ready begun by WA. Bergman, Idiorvaau, 
Kirwan, and other odebmted diemistB, but is 
hitherto only in a modoate state of advance- 
ment; even the prindples upon which it is 
founded are not perhaps suffidently accurate. 

These numerous details would have swdled 
this elem^tary treatise to much too great a 
size; besides that, to have gathered the neces- 
sary materials, and to have completed all the 
series of experiments requisite, must have re- 
tarded the publication of this book for many 
years. This is a vast field for employing the 
zeal and abilities of young chemists, whom I 
would advise to endeavour rather to do wdl 
than to do much, and to ascertain, in toe first 
place, the composition of the adds, beiore en- 
tering upon toat of the neutral salts! Every 
edifice which is intended to resist the ravages 
of time should be built upon a sure foundation; 
and, in the present state of chemistry,lto at- 
tempt discoveries by experiments, eith^ not 
perfectly exact or not sufficiently rigorous, will 
serve only to interrupt its progress, instep of 
contribu^ to its advancement. 



SECOND PART 

Of the combination of acids with salifuble bases, 

AND OF THE FORMATION OF NEUTRAL SALTS 


INTRODUCTION 

If I had strictly followed the plan I at first laid 
down for the conduct of this work, I would 
have confined myself, in the tables and accom* 
panying observations which compose this sec- 
ond part, to short definitions of the several 
known acids and abridged accounts of the proc- 
esses by which they are obtainable, with a mere 
nomenclature or enumeration of the neutral 
salts which result from the combination of 
these acids with the various salifiable bases. 
But I afterwards found that the addition of 
similar tables of all the simple substances which 
enter into the composition of the acids and 
oxides, together with the various possible com- 
binations of these elements, would add greatly 
to the utility of this work without being any 


great increase to its size. These additions, which 
are all contained in the twelve first sections of 
this part and the tables annexed to these, form 
a kind of recapitulation of the first fifteen chap- 
ters of the first part. The rest of the tables and 
sections contain all the saline combinations. 

It must be very apparent that, in this part 
of the w^ork, I have borrowed greatly from 
what has been already published by M. de 
Morveau in the first volume of the Encydo- 
pedie par ordre des MatUres. I could hardly 
have discovered a better source of information, 
especially when the difiiculty of consulting 
b(^ks in foreign languages is considered. I make 
this general acknowledgment on purpose to 
save the trouble of references to M. de Mor- 
veau^s work in the course of the following part 
of mine. 


Table of Simple Siibslances Belonging to AU the 
Kingdoms of NaturCy Which May Be Considered as the 
Elements of Bodies 


New Names 
Light 


Caloric 


Oxygen 


Azote 

Hydrogen 


Old Names 
Light 
Heat 

Principle or element of heat 
Fire. Igneous fluid 
Matter of fire and of heat 
Dephlogisticated air 
Empyreal air 

Vital air, or base of vital air 
Phlogisticated air or gas 
Mephitis, or its base 
Inflammable air or gas, or the base of 
inflammable air 


Oxidabk and Acidifiable Simple Substances Not MddUic 


New Names 

Sulphur 
Ph^phorus 
Charcoal 
Muriatic radical 
, Fluoric radical 
Boraric radical 


Old Names 
The same names 

Srili unknown 
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Tablb qf Simple Substances, Continued 
Oxidable and Acidifiable Simple Metallic Bodies 


New Names 


Old Names 

Antimony 


Antimony 

Arsenic 


Arsenic 

Bismuth 


Bismuth 

Cobalt 


Cobalt 

Copper 


Copper 

Gold 


Gold 

Iron 

*5* 

Iron 

Lead 

1 

Lead 

Manganese 

Manganese 

Mercury 

Mercury 

Molybdenum 

Molybdenum 

Nickel 


Nickel 

Platinum 


Platinum 

Silver 


Silver 

Tin 


Tin 

Tungsten 


Tungsten 

Zinc 


Zinc 


Salifiable Simple Earthy Substances 
Old Names 

Chalk, calcareous earth 
Quicklime 

Magnesia, base of Epsom salt . 
Calcined or caustic magnesia 
Barytes, or heavy earth 
Clay, earth of alum 
Siliceous or vltriliable earth 


Section I 

Observations upon the Table of Simple Svlh 

stances 

The principal object of chemical experiments 
is to decompose natural bodies, so as separate- 
ly to examine the different substances which 
enter into their composition. By consulting 
chemical systems, it will be found that this sci- 
ence of chemical analysis has made rapid prog- 
ress in our own times. Formerly oil and salt 
were considered as elements of bodies, whereas 
later observation and experiment have shown 
that all salts, instead of teing simple, are com- 
posed of ^acid united to a base. Tha bounds 
of analysis have been greatly enlarged ty mod- 
ern discoveries;^ the acids are shown to be 
composed of oxygen, as an acidifying piinciple 
conmion to all, united in each to a paiticular 
base. I have proved what M. Hassenfratz had 
before advanced, that these radicals of the 
acids are not all simple elements, many of 
them being, like the oily principle, composed 
of hydrogen and charcoal. Even tlie bases of 
neutral salts have been proved by M. Ber- 
thollet to be compounds, as he has shown that 
ammonia is composed of azote and hydrogen. 

> See Reeueil de VAcadhnie for 1776, p. 671; and 
for 1778, p. 635. — Authob. 


New Names 
Lime 

Magnesia 

Barytes 

Argill 

Silex 


Table of Compound Oxidable and Acidifiable Bases 


Oxidable or acidifiable base, from 
the mineral kingdom 


Oxidable or acidifiable hydro-car- 
bonous or carbono-hydrous radi- 
cals from the vegetable kingdom.* 


Oxidable or acidifiable radicals 
from the animal kingdom, which 
mostly contain azote, and frequent- 
ly phosphorus 


Names of the Radicals 
Nitro-muriatic radical or 
base of the acid formerly 
called aqua regia 
Tartarous radical or base 
Malic 
Citric 

Pyro-lignous 

Pyro-mucous 

Pyro-tartarous 

Oxalic 

Acetous 

Succinic 

Benzoic 

Camphoric 

Gallic 

Lactic 

Saccholactic 

Formic 

Bombic 

Sebacic 

Lithic 

Prussic 


*Note, The radicals from the vegetable kingdom are converted by a 
firrt degree of oxygenation into vegetable oxid^, such as sugar, starch, 
wd gum or mucus: those of the ammal kingdom by the wiamia 
form animal oxides, as lymph, &c. — A xttbob. 
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Thus, as chemistry advances towards per- 
fection, by dividing and subdividing, it is im- 
possible to say where it is to end; and these 
things we at present suppose simple may 
soon be found quite otherwise. All we dare 
venture to affirm of any substance is that it 
must be considered as simple in the present 
state of our knowledge and so far as chemical 
analysis has been able to show. We may even 
presume that the earths must soon cease to be 
considered as simple bodies; they are the only 
bodies of the salifiable class which have no 
tendency to unite with oxygen; and I am 
much inclined to believe that this proceeds 
from their being already saturated with that 
element. If so, they will fall to be considered 
as compounds consisting of simple substances, 
perhaps metallic, oxidated to a certain de- 
gree. This is only hazarded as a conjecture; 
and I trust the reader will take care not 
to confound what I have related as truths, 
fixed on the firm basis of observation and 
experiment, wuth mere hypothetical conjec- 
tures. 

The fixed alkalies, potash, and soda, are 
omitted in the foregoing table, because they 
are evidently compound substances, though 
we are ignorant as yet what are the elements 
they are composed of. 

Section II 

Observatiom upon the Table of Compound 

Radicah 

The older chemists being unacquainted with 
the composition of acids and not suspecting 
them to be formed by a peculiar radical or 
base for each, united to an acidifying principle 
or element common to all, could not conse- 
quently give any name to substances of which 
they had not the most distant idea. We had 
therefore to invent a new nomenclature for 
this subject, though we were at the same time 
sensible that this nomenclature must be sus- 
ceptible of great modification when the nature 
of tlie compound radicals shall be better 
understood.^ 

The compound oxidable and acidifiable rad- 
icals from the vegetable and animal king- 
doms, enumerated in the foregoing table, are 
not reducible to systematic nomenclature, 
because their exact analysis is as yet un- 
known. We only know in general, by some 
experiments of my own and some made by 

«Se».Part 1, Chapter XI, upon this ■ubject.— 
AuiBoa. 


55 

M. Hassenfratz, that most of the vegetable 
acids, such as the tartarous, oxalic, citric, 
malic, acetous, pyrotartarous, and pyromucous, 
have radicals composed of hydrogen and char- 
coal, combined in such a way as to form 
single bases, and that these acids only differ 
from each other by the proportions in which 
these two substances enter into the composi- 
tion of their bases, and by the degree of oxy- 
genation which these bases have received. We 
know further, chiefly from the experiments of 
M. Berthollet, that the radicals from the 
animal kingdom, and even some of those 
from vegetables, are of a more compound na- 
ture, and, besides hydrogen and charcoal, 
that they often contain azote, and sometimes 
phosphorus; but we were not possessed of 
sufficiently accurate experiments for calculat- 
ing the proportions of these several substances. 
We are therefore forced, in the manner of 
the older chemists, still to name these acids 
after the substances from which they are pro- 
cured. There can be little doubt that these 
names will be laid aside when our knowledge 
of these substances becomes more accurate and 
extensive; the terms hydro-carhonoue^ hydro^ 
carboniCf carhono-kydrous, and carbonchhydrie? 
will then become substituted for those we now 
employ, which will then only remain as testi- 
monies of the imperfect state in which this 
part of chemistry was transmitted to us by our 
predecessors. 

It is evident that the oils, being composed of 
hydrogen and charcoal combined, are true car- 
bono-hydrous or hydro-carbonous radicals ;and, 
indeed, by adding oxygen, they are convertible 
into vegetable oxides and acids according to 
their degrees of oxygenation. We cannot, how- 
ever, affirm that oils enter in their entire state 
into the composition of vegetable oxides and 
acids; it is possible that they previously lose a 
part either of their hydrogen or charcoal, and 
that the remaining ingredients no longer exist 
in the proportions necessary to constitute oils. 
We still require further experiments to eluci- 
date these points. 

Properly speaking, we are only acquainted 
with one compound radical from the minend 
kingdom, the nitro-muriatic, which is formed 
by the combination of azote with the muriatic 
radical. The other compound mineral acids 
have been much less attended to, from their 
producing less striking phenomena. 

*See Part I, Chapter XI, upon the application of 
these names according to the proportions of the tm 
ingredients. — ^A uthob. , , 
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Sbchon 111 

Obaervaiions upon the Cambinationa of Light 

and Caloric wUk Different Substances 

I have not constructed any table of the com- 
binationa of light and caloric with the various 
simple and compound substancesi because our 
conceptions of the nature of these combina- 
tions are not hitherto sufficiently accurate. We 
knoW| in general, that all bodies in nature are 
imbu^, surrounded, and penetrated in every 
way with caloric, which fills up every interval 
left between their particles; that, in certain 
cases, caloric becomes fixed in bodies, so as to 
constitute a part even of their solid substance, 
though it more frequently acts upon them with 
a repulsive force, from which, or from its ac- 
cumulation in bodies to a greater or lesser de- 
gree, the transformation of, solids into fluids, 
and of fluids to aeriform elasticity, is entirely 
owing. We have employed the generic name 
gas to indicate this aeriform state of bodies pro- 
duced by a sufficient accumulation of caloric, 
so that, when we wish to express the aeriform 
state of muriatic acid, carbonic acid, hydrogen, 
water, alcohol, &c. we do it by adding the word 
gas to their names; thus muriatic acid gas, 
carbonic acid gas, hydrogen gas, aqueous gas, 
alcoholic gas, &c. 

The combinations of light, and its mode of 
acting upon different bodies, is still less known. 
By the experiments of M. BerthoUet, it ai>- 
l^ears to have great affinity with oxygen, is sus- 
ceptible of combining with it, and contributes 
alongst with caloric to change it into the state 
of gas. Experiments upon vegetation give rea- 
son to believe that li^t combines with certain 
parts of vegetables, and that the green of their 
leaves, and the various colours of their flowers, 
is chiefly owing to this combination. This much 
is certain, that plants which grow in darkness 
are perfectly white, languid, and unhealthy, 
and that to make them recover vigour, and to 
acquire their natural colours, the direct influ- 
ence of light is absolutely necessary. Some- 
thing similar takes place even upon animals: 
mankind degenerate to a certain degree when 
employed in sedentary manufactures, from liv- 
ing in crowded houses or in the narrow lanes of 
large cities; whereas they improve in iheir na- 
ture and constitution in most of the country 
laltours which are carried on in the open air. 
Organisation, sensation, spontaneous motion, 
and all the operations of life, only exist at the 
surface of the earth, and in places exposed to 
the influence of light. Without it nature itsdf 
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w<^d he lifeless and inanimate. By means of 
light, the benevolence of the Deity hath filled 
the surface of the earth with organization, sen- 
sation, and intelligence. The fable of Prome- 
theus mi^t perhaps be considered as giving a 
hint of this philosophical truth, which 1^ 
even presented Itself to the knowledge of the 
ancients. 1 have intentionally avoided any dis- 
quisitions relative to organized bodies in this 
work, for which reason tiie phenomena of resh 
piration, sanguification, and animal heat, are 
not considered; but Ihope, at some future time, 
to be able to elucidate these curious subjects. 

Section IV 

Observations upon the Combinations of Oxygen 

with the Simple Substances 

Oxygen forms almost a third of the mass of 
our atmosphere and is consequently one of the 
most plentiful substances in nature. All the 
animals and vegetables live and grow in this 
immense magazine of oxygen gas, and from it 
we procure the greatest part of what we em- 
ploy in experiments. So great is the reciprocal 
affinity between this element and other sub- 
stances that we cannot procure it disengaged 
from all combination. In the atmosphere it is 
united with caloric, in the state of oxygen gas, 
and this again is mixed with about two thirds 
of its weight of azotic gas. 

Several conditions are requisite to enable a 
body to become oxygenated or to permit oxy- 
gen to enter into combination with it. In the 
first place, it is necessary that the particles of 
the body to be oxygenated shall have less re- 
ciprocal attraction with each other than they 
have for the oxygen, which otherwise cannot 
possibly combine with them. Nature, in this 
case, may be assisted by art, as we have it in 
our power to diminish the attraction of the 
particles of bodies almost at will by heating 
them, or, in other words, by introducing caloric 
into the interstices between their particles; 
and, as the attraction of these particles for 
each other is diminished in the inverse ratio of 
their distance, it is evident that there must be 
a certain point of distance of particles when 
the affinity they possess with each other be- 
comes less than that they have for oxygen, and 
at which oxygenation must necessai^y take 
place if oxygen be present. 

We can readily conceive that the degree of 
h^t at which this phenomenon begins must be 
different in diff^nt bodi^. Hence, on purpose 
to oxygenatnmost bodies, especially the great* 
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er part af the simple substances, it is only nec- decomposed by art, perhaps even not by na* 


essary to expose them to the influence of the 
air of the atmosphere in a convenient degree of 
temperature. With respect to lead, mercury, 
and tin, this needs be but little higher than the 
medium temperature of the earth; but it re- 
quires a more considerable degree of heat to 
oxygenate iron, copper, &c., by the dry way, or 
when this operation is not assisted by moisture. 
Sometimes oxygenation takes place with great 
rapidity and is accompanied by great sensible 
heat, light, and dame; such is the combustion 
of phosphorus in atmospheric air and of iron 
in oxygen gas. That of sulphur is less rapid; 
and the oxygenation of lead, tin, and most of 
the metals, takes place vastly slower, and con- 
sequently the disengagement of caloric, and 
more especially of light, is hardly perceptible. 

Some substances have so strong an affinity 
with oxygen, and combine with it in such low 
degrees of temperature, that we cannot pro- 
cure them in th^ir unox3rgenated state; such is 
the muriatic acid, which has not hitherto been 


ture, and which consequently has only been 
found in the state of acid. It is probable that 
many other substances of the mineral kingdom 
are necessarily oxygenated in the common tem- 
perature of the atmosphere, and that being al- 
ready saturated with oxygen prevents their 
further action upon that element. 

There are other means of oxygenating simple 
substances besides exposure to air in a certain 
degree of temperature, such as by placing them 
in contact with metals combined with oxygen 
and which have little affinity with that ele- 
ment. The red oxide of mercury is one of the 
best substances for this purpose, ei^pecially 
with bodies which do not combine with that 
metal. In this oxide the oxygen is unimd with 
very little force to the metal, and can be driven 
out by a degree of heat only sufficient t^ make 
glass red hot; wherefore such bodies as are cap- 
able of uniting with oxygen are readilj^ oxy- 
genated by means of being mixed with red 
oxide of mercury and moderately heated. The 


Table of the Combinaiions of Oxygen with the 
Compound Radicate 


Names of the Radicals Names of the Resvlting Adds 
New Names Old Names 


Nitro-muriatic 

radical 


Nitro-muriatic acid Aqua regia 


Tartaric 

Malic 

Citric 

Pyro-lignous 

^ Pyro-raucous 
^ Pyro-tartarous 

Oxalic 

A 

^ Acetic 

Succinic 

Benzoic 

Camphoric 

Gallic 

Lactic 
Saccholactic 
^ Formic 
'g Bombic 
K Sebacic 
^ Lithic 

Prussic 


Tartarous acid Unknown till lately 

Malic acid Ditto 

Citric acid Acid of lemons 

Pyro-lignous acid | 

Pyro-mucous acid Empyr. acid of sugar 
Pyro-tartarous acid Empyr. acid of tartar 
Oxalic acid Acid of sorel 

I Acetous acid Vinegar, or acid of vinegar 

I Acetic acid Radical vinegar 

Succinic acid Volatile salt of amber 

Benzotic acid Flowers of benzoin 
Camphoric acid Unknown till lately 


Gallic acid 


The astringent principle 
of vegetables 


Lactic acid 
Saccholactic acid 
Formic acid 
Bombic acid 
Sebacic acid 
Lithic acid 

Prussic acid 


Acid of sour whey 
Unknown till lately 
Acid of ants 
Unknown till lately 
Ditto 

Urinary calculus 

I Colouring matter of Prus- 
sian blue 


Note 1: These radicals by a first degree of oxygenation form vegetable 
oxides, as sugar, starch, mucus, dsc. — Autrob. 

Note 2: These radicals by a first degree of oxygenation form the animal 
oxides, as lymph, red part of the blood, animal secretionB, dee . — Ainaos. 
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game effect may be, to a certain degree, pro- 
duced by means of the black oxide of mangan- 
ese, the red oxide of lead, the oxides of silver, 
and by most of the metallic oxides, if we only 
take care to choose such as have less affinity 
with oxygen than the bodies they are meant to 
oxygenate. All the metallic reductions and re- 
vivifications belong to this class of operations, 
being nothing more than oxygenations of char- 
coal by means of the several metallic oxides. 
The charcoal combines with the oxygen and 
with caloric and escapes in form of carbonic 
acid gas, while the metal remains pure and re- 
vivified, or deprived of the oxygen which be- 
fore combined with it in the form of oxide. 

All combustible substances may likewise be 
oxygenated by means of mixing them with ni- 
trate of potash or of soda, or with oxygenated 
muriate of potash, and subjecting the mixture 
to a certain degree of heat; the oxygen, in this 
case, quits the nitrate or the muriate, and com- 
bines with the combustible body. This species 
of oxygenation requires to be performed with 
extreme caution and only with very small quan- 
tities; because, as the oxygen enters into the 
composition of nitrates, and more especially of 
oxygenated muriates, combined with almost as 
much caloric as is necessary for converting it 
into oxygen gas, this immense quantity of ca- 
loric becomes suddenly free the instant of the 
combination of the oxygen with the combust- 
ible body and produces such violent explosions 
as are perfectly irresistible. 

By the humid way we can oxygenate most 
combustible bodies, and convert most of the 
oxides of the three kingdoms of nature into 
acids. For this purpose we chiefly employ the 
nitric acid, which has a very slight hold of oxy- 
gen, and quits it readily to a grefit number of 
bodies by the assistance of a gentle heat. The 
oxygenated muriatic acid may be used for sev- 
eral operations of this kind, but not in them all. 

I give the name of binary to the combinations 
of oxygen with the simple substances, because 
in these only two elements are combined. When 
three substances are united in one combina- 
tion I call it ternary, and quaiermry when the 
combination consists of four substances united. 

Section V 

Ohservaliona upon the Comhinatio'ns of Oxygen 

wUh the Compound Radicals 

I published a new theory of the nature and 
formation of acids in the Becueil de VAcaMmie 
for 1776, p. 671 and 1778, p. 535 in which I 
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concluded that the ntunber of acids must be 
g^tly lar^r than was till then supposed. 
Since that time, a new field of inquiry has been 
opened to chemists; and, instead of five or six 
acids which were then known, near thirty new 
acids have been discovered, by which means 
the number of known neutral salts have been 
increased in the same proportion. The nature 
of the acidifiable bases or radicals of the acids, 
and the degrees of oxygenation they are sus- 
ceptible of, still remain to be inquired into. I 
have already shown that almost all the oxid- 
able and acidifiable radicals from the mineral 
kingdom are simple, and that, on the contrary, 
there hardly exists any radical in the vegetable, 
and more especially in the animal kingdom, 
but is composed of at least two substances, hy- 
drogen and charcoal, and that azote and phos- 
phorus are frequently united to these, by which 
we have compound radicals of two, three, and 
four bases or simple elements united. 

From these observations, it appears that the 
vegetable and animal oxides and acids may differ 
from each other in three several ways: 1st, ac- 
cording to the number of simple acidifiable 
elements of which their radicals are composed: 
2nd, according to the proportions in which 
these are combined together: and, 3rd, accord- 
ing to their different degrees of oxygenation: 
which circumstances are more than sufficient 
to explain the great variety which nature pro- 
duces in these substances. It is not at all sur- 
prising, after this, that most of the vegetable 
acids are convertible into each other, nothing 
more being requisite than to change the pro- 
portions of the hydrogen and charcoal in their 
composition, and to oxygenate them in a greater 
or lesser degree. This has been done by M. 
Crell in some very ingenious experiments, 
which have been verified and extended by M. 
Hassenfratz. From these it appears that char- 
coal and hydrogen by a first oxygenation pro- 
duce tartarous acid, oxalic acid by a second 
degree, and acetous or acetic acid by a third, 
or hi^er oxygenation; only, that charcoal 
seems to exist in a rather smaller proportion in 
the acetous and acetic acids. The citric and 
malic acids differ little from the preceding acids. 

Ought we then to conclude that the oils are 
the radicals of the vegetable and animal acids? 
I have already expressed my doubts upon this 
subject: 1st, although the oils appear to be 
formed of nothing but hydrogen and charcoal, 
we do not know if these are in the precise pro- 
portion necessary for constituting the radicals 
of the acids: 2nd, since oxyg&n enters into the 
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0oiii^>o^icm of these acids equally with hydro- 
gen and charcoal, there is no more reason for 
supposing tkmi to be composed of oil rather 
^ban of water or of carbonic acid. It is true 
that they contain tiie materials necessary for 
all these combinations, but then these do not 
take place in the common temperature of the 
atmosphere; all the three elments remain 


either to a solid or liquid form. This is likewise 
one of the essential constituent, elements >of 
animal bodies, in which it is comyned mth 
dmrcoal and hydrogen, and scxmetimes with 
phosphorus; th^ are united together by a 
certain portion of oxygen, by which they are 
formed into oxides or acids according to the 
degree of oxygenation* Hence the animal sul> 


Table of the Binary Combinations of Azote with the 
Simple Substances 


Simple 

Svbstayicea 

Caloric 

Hydrogen 

Oxygen 


Charcoal 

Phosphorus 

Sulphur 


Compound 

radicals 

Metallic 

substances 

Lime 

Magnema 

Barytes 

ArgiU 

Potash 

Soda 


Results of the Combinations 


New Names 


Old Names 


Azotic gas Phlogistip.ted air, or Mephitis 

Ammonia Volatile alkali 


Nitrous oxide Base of Nitrous gas 

Nitrous acid Smoking nitrous acid 

Nitric acid Pale nitrous acid 

Oxygenated nitric acid Unknown 
This combination is unknown; should it over be discovered* 
it will be called, according to the principles of our nomen- 
clature, Azuret of Charcoal. Charcoal dissolves in azotic 
gas and forms carbonated azotic gas 

Azuret of phosphorus. Still unknown 
Azuret of sulphur. Still unknown. We know that 
sulphur dissolves in azotic gas, forming sulphurated 
azotic gas 

Azote combines with charcoal and hydrogen, and some- 
times with phosphorus, in the compound oxydable and 
acidifiablc bases, and is generally contained in the radi- 
cals of the animal acids 


Such combinations are unknown; if ever discovered, they 
will form metallic azurets, as azuret of gold, of silver, Ac. 


Entirely unknown. If ever discovered, they will form 
azuret of lime, azuret of magnesia, Ac. 


combined in a ^tate of equilibrium which is 
readily destroyed by a temperature only a 
little above that of boiling water.^ 

Section VI 

Obsemstions upon the ComJbinaiifms of Azoie 
. with (he Simple Substances 

Azote is one of the most abundant elements; 
combined with caloric it forms azotic gas, or 
mephitis, which composes nearly two tldrds of 
the atmosphere. This element is always in the 
state of gas in the ordinary pressure and tem- 
perature, and no degree of compression or of 
cold has been hitherto capatde of reducing it 

1 Bee Pari I, Chapier XII, upon tins sublect-*- 
Azmda. 


stance may be varied, in the same way with 
vegetables, in three different manners: 1st, 
according to the number of elements which 
enter into the composition of the base or radi- 
cal; 2nd, according to the proportions of these 
elements; 3rd, according to the degree of oxy- 
genation. 

When combined with oxygen, azote forma 
the nitrous and nitric oxides and acids; when 
with hydrogen, ammonia is produced. Its com- 
binations with the other simple elements are 
very little known; to these we give the name of 
ozwrete, preserving the termination in vret fdr 
all non-oxygenat^ compoimds. It is extremely 
probable that all the alkaline substances may 
hereafter be found to belong to this genua of 
.%zuretB, 
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, The azotic gas may be procured from atmos^ 
p^c air, by absorbing the oxygen gas which 
% mixed with it by means of a solution of sul* 
K^buret of potash, or sulphuret of lime. It re- 
quires twelve or fifteen days to complete this 
process, during which time the surface in con- 
tact must be frequently renewed by agitation 
and by breaking the pellicle which forms on 
the top of the solution. It may likewise be pro- 
cured by dissolving animal substances in dilute 
nitric acid very little heated. In this operation 
the azote is disengaged in form of gas, which 
we receive under bell glasses filled with water 
in the pneumato-chemical apparatus. We may 
procure this gas by deflagrating nitre with 
charcoal, or any other combustible substance; 
when with charcoal, the azotic gas is mixed 
with carbonic acid gas, which may be absorbed 
by a solution of caustic alkali or by lime water, 
after which the azotic gas remains pure. We 
can procure it in a fourth manner from com- 
binations of ammonia with metallic oxides, as 
pointed out by M. de Fourcroy : the hydrogen 
of the ammonia combines with the oxygen of 
the oxide, and forms water; whilst the azote 
being left free escapes in form of gas. 

The combinations of azote were but lately 
discovered: M. Cavendish first observed it in 
nitrous gas and acid, and M. Berthollet in am- 
monia and the prussic acid. As no evidence of 
its decomposition has hitherto appeared, w^e 
are fully entitled to consider azote as a simple 
elementary substance. 


Motion VII 

Ohservations upon Hydrogen and lU Combinor 

Hone with Simple Svbskmcee 

Hydrogen, as its name expresses, is one of 
the constituent elements of water, id which it 
forms fifteen hundredth parts by weight, com- 
bined with eighty-five hundredth parts of oxy- 
gen. This sub^stance, the properties and even 
existence of which was unknown till lately, is 
very plentifully distributed in nature and acts 
a very considerable part in the processes of the 
animal and vegetable kingdoms. As it possesses 
so great affinity with caloric as only to exist in 
the state of gas, it is consequently impossible 
to procure it in the concrete or liquid state, in- 
dependent of combination. 

To procure hydrogen, or rather hydrogen 
gas, we have only to subject water to the ac- 
tion of a substance with which oxygen has 
greater affinity than it has to hydrogen; by this 
means the hydrogen is set free and, by uniting 
with caloric, assumes the form of hydrogen gas. 
Red hot iron is usually employed for this pur- 
pose: the iron, during the process, becomes 
oxidated, and is changed into a substance re- 
sembling the iron ore from the island of Elba. 
In this state of oxide it is much less attractible 
by the magnet, and dissolves in acids without 
effervescence. 

Charcoal, in a red heat, has the same power 
of decomposing water, by attracting the oxy- 
gen from its combination with hydrogen. In 


Table of the Binary Combinations of Hydrogen with 
Simple Substances 


Simple 

Substances 


Resulting Compounds 
New Names Old Names 


Caloric 

Azote 

Oxygen 

Sulphur 

Phosphorus 


Hydrogen gas 

Ammonia 

Water 

Hydruret of sulphur, or 
sulphuret of hydrogen 
Hydruret of phosphorus, 
|or phosphuret of hydrogen 


Charcoal 

Metallic substances, 
as iron, &c 


Hydnj-carbonous, or car- 
bono hydrous radicals’ 
Metallic hydrurets’, as 
hydruret of iron, &c 


Inflammable air 
Volatile Alkali 
Water 

Hitherto unknown^ 

Not known till lately 
Hitherto unknown 


> Those combinations take place in the state of gas, and form, respective- 
ly, sulphurated and phosphorated oxygen gas. — Author. , ^ . 

* This combination of l^drogen with charcoal includes the fixed and 
volatile oils, and forms the radicals of a considerable part of the vegetable 
and oxides and acids. When it takes place in the state of gas It 

Hi, probable tlrat tN,, 
cannot eiBBt, at least in the usual temperature of the atmosphere, oyfiAa 
to the great a^ity of hydrogen for calorie. — A uthor. : ' 
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this process carbonic acid gas is formed and 
mixes with the hydrogen gas but is easily sep- 
arated by means of water or alkalies, which 
absorb the carbonic acid and leave the hydro- 
gen gas pure. We may likewise obtain hydro- 
gen gas by dissolving iron or zinc in dilute sul- 
phuric acid. These two metals decompose wa- 
ter very slowly, and with great difficulty, when 
alone, but do it with great ease and rapidity 
when assisted by sulphuric acid; the hydrogen 
unites with caloric during the process and is 
disengaged in form of hydrogen gas, while the 
oxygen of the water unites with the metal in 
the form of oxide, which is immediately dis- 
solved in the acid, forming a sulphate of iron 
or of zinc. 

Some very distinguished chemists consider 
hydrogen as the phlogiston of Stahl; and as 


that celebrated chemist admitted the existence 
of phlogiston in sulphur, charcoal, metals, Ac., 
they are, of course, obliged to suppose that hy- 
drogen exists in all these substonces, though 
they cannot prove their supposition; even if 
they could, it would not avail much, since this 
disengagement of hydrogen is quite insufficient 
to explain the phenomena of calcination and 
combustion. We must always recur to the ex- 
amination of this question, “Are the heat and 
light which are disengaged during the different 
species of combustion furnished by the burning 
body or by the oxygen which combines in all 
these operations?” And certainly the supposi- 
tion of hydrogen being disengaged throws no 
light whatever upon this question. Besides, it 
belongs to those who make supposinons to 
prove them; and, doubtless, a doctrin^ which 


Table of the Binary Combinations of Sulphur with 
Simple Substances 


simple Resulting Compounds 


Substances 

New Names 

Old Names 

Caloric 

Sulphuric gas 

Oxide of sulphur 

Soft sulphur 

Oxygen 

Sulphurous acid 

Sulphureous acid 


Sulphuric acid 

Vitriolic acid 

Hydrogen 

Sulphuret of hydrogen 


Azote 

Phosphorus 

azote 

phosphorus 

Unknown combinations 

Charcoal 

charcoal 


Antimony 

antimony 

Crude antimony 

Silver 

silver 


Arsenic 

arsenic 

Orpiment, realgar 

Bismuth 

bismuth 


Cobalt 

cobalt 


Copper 

copper 

Copper pyrites 

Tin 

tin 


Iron 

iron 

Iron pyrites 


manganese 


Mercury 

mercury 

Ethiops mineral, cinnabar 

Molybdenum 

molybdenum 


Nickel 

nickel 


Gold 

gold 


Platinum 

platinum 


Lead 

lead 

Galena 

Tungsten 

tungsten 


Zinc 

Potash 

zinc 

potash 

Blende 

Alkaline liver of sulphur 
with fixed vegetable cdkali 

Soda 

soda 

Alkaline liver of sulphur 
with fixed mineral alkali 

Ammcmia 

ammonia 

Volatile liver of sulphur, 
smoking liquor of Boyle 

lime 

lime 

Calcareous liver of sulphur 

_ 

magnesia 

Magnesian liver of sulphur 

Baiytes 

barytes 

Barytic liver of sulphur 

At|^ 

arghl 

Yet imknown 
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without any supposition explains the ph^om- 
ena as well and as naturally as theirs does by 
supposition has at least the advantage of great- 
er simplicity.^ 


Section VIII 

Obaervationa on Sidphur and ita Combinaliona 

Sulphur is a combustible substance, having 
a very great tendency to combination; it is 
naturally in a solid state in the ordinary tem- 
perature, and requires a heat somewhat higher 
than boiling water to make it liquify. Sulphur 
is formed by nature in a considerable degree of 
purity in the neighbourhood of volcanos; we 
find it likewise, chiefly in the state of sulphuric 
acid, combined with argill in aluminous schist, 
with lime in gypsum, &c. From these combi- 
nations it may be procured in the state of sul- 
phur, by carrying off its oxygen by means of 
charcoal in a red heat; carbonic acid is formed 
and escapes in the state of gas; the sulphur re- 
mains combined with the clay, lime, &c. in the 
state of sulphuret, which is decomposed by 
acids; the acid unites with the earth into a neu- 
tral salt, and the sulphur is precipitated. 

Table of the Binary Combinationa of 
Phoaphorua with the Simple Suhstancea 

Resulting Compounds 
Phosphoric gas 
Oxide of phosphorus 
Phosphorous acid 
Phosphoric acid 
Phosphuret of hydrogen 
Phosphuret of azote 
Phosphuret of sulphur 
Phosphuret of charcoal 
Phosphuret of metals* 


Phosphuret of Potash, 
Soda, &c.* 


1 Those who wish to see what has been said upon 
this great chemical question by MM. de Morveau, 
Berthollet, de Fourcroy, and myself may consult 
our translation of M. Kirwan’s Essay upon Phlo- 
giston.— A utbob. , , 

• Of all these combinations of phosphorus with 
metals^ that with iron only is hitherto known, form- 
ing the substance formerly called siderUe; neither is 
it yet ascertained whether, in this combination, the 
pho^horus be oxygenated or not. — Auraon. 

* These combinations of phosphorus with the alka- 
lies and earths are not yet known; end, from ex- 
perimdnts of M. Gengembre, they appear to be im- 
poauble.— AtrtsoB. 


Simple Substances 
Caloric 

Oxygen 

Hydrogen 

Azote 

Sulphur 

Charcoal 

Metallic substances 

Potash 

Soda 

Ammonia 

Lime 

Barytes 

Magneaa 

A :ii 


Section IX 

Obaervationa upon Phoaphorua and Ua Cothbir 

nationa 

Phosphorus is a simple combustible sub- 
stance, which was unknown to chemists till 
1667, when it was discovered by Brandt, who 
kept the process secret; soon after, Kunkel 
found out Brandt’s method of preparation and 
made it public. It has been ever since known 
by the name of Kunkel’s phosphorus. It was 
for a long time procured only from urine; and, 
though Homberg gave an account of the proc- 
ess in the Recueil de VAcaddmie for 1692, all 
the philosophers of Europe were supplied with 
it from England. It was fi^rst made in France in 
1737, before a committee of the Academy at 
the Royal Garden. At present it is procured in 
a more commodious and more economical man- 
ner from animal bones, which are real calcar- 
eous phosphates, according to the process of 
MM. Gahn, Scheele, Rouelle, &c. The bones 
of adult animals, being calcined to whiteness, 
are pounded and passed through a fine silk 
sieve; pour upon the fine powder a quantity of 
dilute sulphuric acid, less than is sufficient for 
dissolving the whole. This acid unites with the 
calcareous earth of the bones into a sulphate of 
lime, and the phosphoric acid remains free in 
the liquor. The liquid is decanted off, and the 
residuum washed with boiling water; thb wa- 
ter which has been used to wash out the adher- 
ing acid is joined with what was before decant- 
ed off, and the whole is gradually evaporated; 
the dissolved sulphate of lime crystallizes in 
form of silky threads, which are removed, and 
by continuing the evaporation we procure the 
phosphoric acid under the appearance of a 
white ijellucid glass. When this is powdered 
and mixed with one third its weight of char- 
coal, we procure very pure phosphorus by sub- 
limation. The phosphoric acid, as procured by 
the above process, is never so pure as that ob- 
tained by oxygenating pure phosphorus either 
by combustion or by means of nitric acid; 
wherefore this latter should always be em- 
ployed in experiments of research. 

Phosphorus is found in almost all animal 
substances, and in some plants which give a 
kind of animal analysis. In all these it is usu- 
ally combined with charcoal, hydrogen, and 
azote, forming very compound radicals, which 
are, for the most part, in the state of oxides by 
a first degree of union with oxygen. The di^ 
covery of M. Hassenfratz, of phosphorus be- 
ing contained in charcoal, ^ves reason to sus- 
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pect that it is more common in the vegetable 
kingdom than has generally been supposed. It 
is cextaih that by proper processes it may be 
procured from every individual of some of the 
families of plants. As no experiment has hith- 
erto given reason to suspect that phosphoms 
is a compound body, I have arranged it with 
the simple or elementary substances. It takes 
fire at the temperature of 32® (104®) of the 
thermometer. 


In the business of charring wood, thisis done 
by a less expensive process. The wood is dis^ 
posed in heaps and covered with earth, so as to 
prevent the access of any more air than is ab* 
solutely necessary for supporting the fire, which 
is kept up till all the water and oil is driven off, 
after which the fire is extinguished by shutting 
up all the air-holes. 

We may analyse charcoal either by combus- 
tion in air, or rather in oxygen gas, or by means 


Table of Binary Comhinations of Charcoal 


Simple 

SvbstanoeB 

Oxygen 

Sulphur 

Phosphorus 

Azote 

Hydrogen 

Metallic sub- 
stances 

Alkalies and earths 


ResvUing Compounds 
New Names Old Names 

Oxide of charcoal ^ Unknown 
Carbonic acid * Fixed air, chalky acid 

Carburet of sulphur 
Carburet of phosphorus Unknown 
Carburet of azote 
Carbono-hydrous radical 
Fixed and volatile oils 

Of these only the car- 
burets of iron and zino 
Carburets of metals are known, and were 
formerly called Plum- 
bago 

Carburet of potash, &c. Unknown 


Section X 

Ohservations upon Charcoal and Us Comhinor 
' Hons wUh Simple Substances 

As charcoal has not been hitherto decom- 
posed, it must, in the present state of our 
knowledge, be considered as a simple substance. 
By modem experiments it appears to exist 
r^dy formed in vegetables; and I have already 
remarked that in these it is combined with hy- 
drogen, sometimes with a'lote and phosphorus, 
forming compound radicals which may be 
changed into oxides or acids according to their 
degree of oxygenation. 

To obtain the charcoal contained in vege- 
taUe, or animal substances, we subject them 
to the action of fire, at first moderate and 
aftefwflurds very strong, on purpose to drive off 
the last portions of water, which adhere very 
obstinately to the charcoal. For chemical pur- 
poses, this is usually done in retorts of stone- 
ware or porcelain, into which the wood, or 
other , matter, is introduced, and then placed 
in.a reverberatory furnace, raised gradually to 
itsgreatestheat. The heat volatilizes, or changes 
mto all the parts of the body susceptible of 
combing with caloric into that form, and the 
ebjarcoal, being more fixed in its nature, re- 
ineins in the retort combined with a little earth 
apd e^Epe fixed salts* 


of nitric acid. In either case we convert it into 
carbonic acid, and sometimes a little potash 
and some neutral salts remain. This analysis 
has hitherto been but little attended to by 
chemists; and we are not even certain if potash 
exists in charcoal before combustion or wheth- 
er it be formed by means of some unknown 
combination during that process. 

Section XI 

Observations upon the Muri/itic, Fluoric^ and Bth 

rode Radicals and their Combinalions 

As the combinations of these substances, 
either with each other or with the other com- 
bustible bodies, are entirely unknown, we have 
not attempted to form any table for their no- 
menclature. We only know that these radicals 
are susceptible of oxygenation, and of forming 
the muriatic, fluoric, and boracic acids, and 
that in the acid state they enter into a number 
of combinations, to be afterwards detailed. 
Chemistry has hitherto be^ unable to diso^- 
genate any of them, so as to produce them in a 
simple state. For tlds purpose, some subsf^ce 
must be employed to which oxygen has a 
stronger affinity than to, their radicals, either 
by means of single affinity or by double elec- 
tive attraction. All that is known lelative to 
the origin 6f the radicals of these acids ^ bs 
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mentioned in thesectioneset apart for eonsider- 
ing their combinations with the salifiable bases. 

Section XII 

Observations upon the Combinations of Metals 
with Each Other 

Before closing our account of the simple or 
elementary substances, it might be supposed 
necessary to give a table of alloys or combina- 
tions of metals with each other; but, as such a 
table would be both exceedingly voluminous 
and very unsatisfactory, without going into a 


series of experiments not yet attempted, I have 
thought it adviseable to onaiit it altogether. All 
that is necessary to be mentioned is that these 
alloys should be named according to the metal 
in largest proportion in the mixture or combi* 
nation; thus the term alloy of gold and silver , or 
gold alloyed with silver, indicates that gold is 
the predominating metal. 

Metallic alloys, like all other combinations, 
have a point of saturation. It would even ap- 
pear, from the experiments of M. de la Briche, 
that they have two perfectly distinct degrees 
of saturation. 


Table of the Combinations of Azote^ Completely Saturated 
with Oxygen, in the State of Nitric Acid, with the Salifiable 
Bases, in the Order of the Affinity with the Acid 


Bases 


Names of the Resulting Neutral Salts 



New Names 

Old Names 

Baiytes 

Nitrate of barytes 

Nitre, with a base of 
heavy earth 

Potash 


potash 

Nitre, Saltpetre; Nitre 
with base of potash 

Soda 



Quadrangular nitre; 


soda 

Nitre with base of 
mineral alkali 


lime 


lime 

Calcareous nitre; Nitre 
with calcareous base; 
Mother water of nitre, or 
saltpetre 


' ' 

Magnesia 

magnesia 

Magnesian nitre; Nitre 
with base of magnesia 

Ammonia 

ammonia 

Ammoniacal nitre 




Nitrous alum; Argillace- 

Argill 


argill 

ous nitre; Nitre with base 
of earth of alum 

Oxide of zinc 

zinc 

Nitre of zinc 


iron 

iron 

Nitre of iron; Martial 
nitre; Nitrated iron 


manganese 

manganese 

Nitre of manganese 


cobalt 

cobalt 

Nitre of cobalt 


nickel 

nickel 

Nitre of nickel 


lead 

lead 

Saturnine nitre; Nitre of 
lead 


tin 

tin 

Nitre of tin 


copper 

copper 

Nitre of copper or of 
Venus 


bismuth 

bismuth 

Nitre of bismuth 


antimony 

antimony 

Nit^ of antimony 


arsenic . 

arsenic 

Arsenical nitre 


mercury , 

mercuiy 

Mercurial nitre 


mlver 

silver 

1 Nitiije^pf silver or lung; 

1 Lunar, cy^ustic 


gold 

gold 

Nitre pf gpld 


platinum 

platinum 

Nitre (rfplgtiaum 
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Table of the Combinations of Azote in the Stcde of Nitrous 
Add with the Salifiable Bases, Arranged According to 
the Affinities of These Bases with the Add 


Names of the 

Names of the 

Bases 

Neutral Salta 
New Nam.es 

Barytes 

Nitrite of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 


Notes 


These salts are only 
known of late and have re- 
ceived no particular name 
in the old nomenclature. 


As metals dissolve both 
in n{tA>us and nitric acids, 
metallic salts must of con- 
sequence be formed having 
different degrees of oxygen- 
ation. Those wherein the 
metal is least oxygenated 
must be called Nitrites, 
when more so, Nitrates; but 
the limits of this distinc- 
tion are difficultly ascertain- 
able. The older chemists 
were not acquainted with 
any of these salts. 


silver It is extremely probable that gold, silver, and 

gold platinum only form nitrates, and cannot subsist in 

platinum nitrites. 


Section XIII 

Observations upon Nitrous and Nitric Adds and 

their Combinations udth Salifiable Bases 

The nitrous and nitric acids are procured 
from a neutral salt long known in the arts un- 
der the name of saltpetre. This salt is extracted 
by lixiviation from the rubbish of old buildings, 
from the earth of cellars, stables, or barns, and 
in general of all inhabited places. In these 
earths the nitric acid is usually combined with 
lime and magnesia, sometimes with potash, 
and rarely with argill. As all these salts, ex- 
cepting the nitrate of potash, attract the 
moisture of the air, and consequently would 
be difficultly preserved, advantage is taken, 
in the manufactures of saltpetre and the 
royal refining-house, of the greater affinity 
of the nitric acid to potash than these other 
bases, by which means the lime, magnesia, 
and argill, are precipitated, and all these 
nitrates are reduc^ to the nitrate of potash or 
saltpetre. 

The nitric acid is procured from this salt by 
distillation, from three parts of pure i^ltpetre 
decomposed by one part of concentrated sul- 
{diiuric acid, in a retort with Woulfe’s appara- 
tus, (Plate IV, Fig, 1) having its bottles half 


filled with water, and all its joints carefully 
luted. The nitrous acid passes over in fonn of 
red vapours surcharged with nitrous gas, or, in 
other words, not saturated with oxygen. Part 
of the acid condenses in the recipient in form 
of a dark orange red liquid, while the rest com- 
bines with the water in the bottles. During the 
distillation, a large quantity of oxygen gas es- 
capes, owing to the greater affinity of oxygen 
to caloric in a high temperature than to nitrous 
acid, though in the usual temperature of the 
atmosphere this affinity is reversed. It is from 
the disengagement of oxygen that the nitric 
acid of the neutral salt is in this operation con- 
verted into nitrous acid. It is brought back to 
the state of nitric acid by heating over a gentle 
fire, which drives ofTthe superabundant nitrous 
gas, and leaves the nitric acid much diluted 
with water. 

Nitric acid is procurable in a more concen- 
trated state, and with much less loss, by mix- 
ing very dry clay with saltpetre. This mixture 
is put into an earthen retort and distilled with 
a strong fire. The clay combines with the pot- 
ash, for which it has great affinity, and the ni- 
tric acid passes over, slightly impregnated with 
nitrous gas. This is easily disengaged by beat- 
ing the acid gently in a retort; a small quantity 
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of mtrouB gas passes over into the recipient, 
and very pure concentrated nitric acid remains 
in the retort. 

We have already seen that azote is the nitric 
radical. If to 20J^ parts, by weight, of azote 
43H parts of oxygen be added, 64 parts of ni- 
trous gas are formed; and, if to this we join 36 
additional parts of oxygen, 100 parts of nitric 
acid result from the combination. Intermedi- 
ate quantities of oxygen between these two 
extremes of oxygenation produce different spe- 
cies of nitrous acid, or, in other words, nitric 
acid less or more impregnated with nitrous gas. 
I ascertained the above proportions by means 
of decomposition; and, though I cannot answer 
for their absolute accuracy, they cannot be far 


removed from truth. Ml. Cavendish, who first 
showed by 83 mthetic experiments thit azote is 
the base of nitric acid, gives the proportions of 
azote a little larger than I have done; but, as 
it is not improbable that he produced the ni* 
trous acid and not the nitric, that circumstance 
explains in some degree the difference in the 
results of our experiments. 

As in all experiments of a philosophical na-» 
ture the utmost possible degree of accuracy is 
required, we must procure the nitric acid for 
experimental purposes from nitre which has 
been previously purified from all foreign matter. 
If, after distillation, any sulphuric acid is sus- 
pected in the nitric acid, it is easily separated 
by dropping in a little nitrate of barytes, so 


Table of the Combinations of Sulphuric Acid with the 
•Salifiable Bases, in the Order of Affinity 


Names of the 


Restdling Compounds 


Bases New Names 


Barytes 

Sulphate of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 


iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury' 

silver 

silver 

gold 

gold 

platinum 

^atinum 


Old Names 

Heavy spar; vitriol of 
heavy earth 

Vitriolated tartar; sal 
de duobus; arcanum dup- 
licatam 

Glauber’s salt 

Selenite, gypsum, cal- 
careous vitriol 

Epsom salt, sedlitz salt, 
magnesian vitriol 

Glauber’s secret sal am- 
moniac 

Alum 

White vitriol, goslar 
vitriol, white coperas, 
vitriol of zinc 

Green coperas, green 
vitriol, martial vitriol, 
vitriol of iron 

Vitriol of manganese 
Vitriol of cobalt 
Vitriol of nickel 
Vitriol of lead 
Vitriol of tin 

Blue coperas, blue vi- 
triol, Homan vitriol, vi- 
triol of copper 

Vitriol of bismuth 
Vitriol of antimony 
Vitriol of arsenic 
Vitriol of mercury 
Vitriol of silver 
Vitriol of gold 
Vitriol of platinum 
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kmg as an^ piedipitation taJces place; the sol- 


pimric addt from its greater affinity, attrada 
ttie barytes and forms with it an insoluUe neu- 
tral salt, which falls to the bottom. It may be 
[mrified^in the same manner from muriatic 
acid, by dropping in a little nitrate of silver so 
long as any precipitation of muriate of silver is 
produced. \^en these two precipitations are 
finished, distill ofF about seven-eighths of the 
acid by a gentle heat, and what comes over is 
in the most perfect degree of purity. 

The nitric acid is one of the most prone to 
combination and is at the same time very eas- 
ily decomposed. Almost all the simple sub- 
stances; with the exception of gold, silver, and 
platinum, rob it less or more of its oxygen; 
some of tliem even decompose it altogether. It 
was very anciently known, and its combina- 
tions have been more studied by chemists than 
those of any other acid. These combinations 
were named nitres by MM. Macquer and 
Beaum6; but we have changed their names to 
nitrates and nitrites, according as they are 
formed by nitric or by nitrous acid, and have 
added the specific name of each particular base, 
to distinguish the several combinations from 
each other. 

Section XIV 

Observations upon Sulphuric Add and its Com- 

binaiions 

For a long time this acid was procured by 
distillation from sulphate of iron, in which sul- 
phuric acid and oxide of iron arc combined ac- 
cording to the process described by Basil Val- 
entine in the fifteenth century; but, in modern 
times, it is procured more economically by the 
combustion of sulphur in proper vessels. Both 
to facilitate the combustion, and to assist the 
oxygenation of the sulphur, a little powdered 
saltpetre, nitrate of potash, is mixed with it; 
the nitre is decomposed and gives out its oxy- 
gen to the sulphur, which contributes to its 
conversion into acid. Notwithstanding this ad- 
dition, the sulphur will only continue to bum 
in close vessels for a Umited time| the combi- 
nation ceases, because the b)Qrgen is exhausted 
and the air of the vessels reduced almost to 
pure azotic gas, and because the acid itself re- 
mains long in the state of vapour and hinders 
tile progress of combustion. 

In the factories for making sulphuric acid in 
the large way, the mixture of nitre and sulphur 
ie bur^ in large close-built chambers lined 
with 1^, having a little water at the bottom 


for faeilitatiiig thecondenaation oftiie vapours; 
Afterwards, by distillation in laige retorts witii 
a gentle heat, the water passes over, slightly 
impregnated with acid, and the sulphuric acid 
remains bdiind in a concentrated state. It is 
then pelludd, without any flavour, and neaHy 
double the weight of an equal bulk of waters 
This process would be greatly facilitated, and 
the combustion much prolonged, by introduce 
ing fresh air into the chambers by means of 
several pairs of bellows directed towards the 
flame of the sulphur, and by albwing the ni- 
trous gas to escape through long serpentine ca- 
nals, in contact with water, to absorb ^ny sul- 
phuric or sulphurous acid gas it might bontain. 

By one experiment, M. Berthollel found 
that 69 parts of sulphur in combustion united 
with 31 parts of oxygen to form 100 mrts of 
sulphuric acid; and, by another experiment, 
made in a different manner, he calculate that 
100 parts of sulphuric acid consists of 72^parts 
sulphur, combined with 28 parts of oxygen, all 
by weight. 

Table of the Combinations of the Sulphurous 
Add with the Salifiable Bases, in the 
Order of Affinity 


Names of the Bases Names of the Neutral Salts 

Barytes 

Sulphite of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 


Note. The only one of these salts known to the old 
chemists was the sulphite of potash, under the name 
of StahVs sulphureous salt. So that, before our new 
nomenclature, these compounds must have been 
named StahVs sulphureous salU having base of fixed 
vegetable alkali, and s6 of the rest. 

In this table we have followed Bergman's order of 
aflinitv of the sulphuric acid, which is the same in 
regard to the earths and idkalies, but it is not certain 
if the order be the satne for the metalUo oxides.— 
Aoteob. 
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Ilib ftoid^ia eonunon with every oth 
only dissolve metals when they have been pre- 
viously oxidated; but most of the metals are 
capable of decomposing a part of the acid, so 
as to carry oS a sufficient quantity of oxygen 
to render themselvds soluble in the part of the 
acid vdiich remains uadeeomposed. This hap- 
pens with silver, mercury, iron, and zinc, in 
boiling concentrated sulphuric acid; they be- 
come first oxidated by decomposing part of 
the acid, and then dissolve in the other part; 
but they do not sufficiently disoxygenate the 
decomposed part of the acid to reconvert it 
into sulphur; it is only reduced to the state of 
sulphurous acid, which, being volatilised by 
the heat, files ofi in form of sulphurous acid gas. 

Silver, mercury, and all the other metals ex- 
cept iron and zinc, are insoluble in diluted sul- 
phuric acid, because they have not sufficient 
affinity with oxygen to draw it off from its com- 
bination either with the sulphur, the sulphur- 
ous acid, or the hydrogen; but iron and zinc, 
being assisted by the action of the acid, de- 
compose the water and become oxidated at its 
expense, without the help of heat. 


M 

, .SECTION XV. . ‘.’S 

Observations upon Sulphurous AdSj ond.^ 

Combmaiicms ‘ ^ 

The sulphurous acid is formed by .the union 
of oxygen with sulphur by a l^ser degree df 
oxygenation than the sulphuric acid. It is pro? 
curable either by burning sulphur slowly,^ or by 
distilling sulphuric acid frm silver, antimonyi 
lead, mercury, or charcoal; by whidi operation 
a part of the oxygen quits the acid and unites 
to these oxidable bases, and the acid passes 
over in the sulphurous state of oxygenatkm. 
This acid, in the common pressure and tem- 
perature of the air, can only exist in form Of 
gaS; but it appears, from the experiments of 
M. Clouet, that, in a very low temperature, it 
condenses and becomes fluid. Water absorlra a 
great deal more of this gas than of carbonic 
acid gas, but much less than it does of muriatic 
acid gas. 

That the metals cannot be dissolved in acids 
without being previously oxidated, or by pro- 
curing oxygen for that purpose from the acids 
during solution, is a general and well estab- 


Table of the Combinations of Phosphorous and Phosphoric 
Adds, mth the Salifiable Bases, in Order of Affinity 


Names of the 

Names of the Neutral ScUts formed by 

Bases 

Phosphorous Add 

Phosphoric Add 

Lime 

Phosphites of lime’ Phosphates of lime* 

Barytes 

barytes 

barytes 

Magnesia 

magnesia 

magniesia 

Potash 

potash 

potash 

Soda 

soda . 

soda 

Ammonia 

ammonia 

ammonia 

Argill 

argill 

argill . 

Oxides of zinc^ 

zinc 

zinc 

iron 

iron 

iron 

manganese manganese 

manganese 

cobalt 

cobalt 

cobalt 

nickel 

nickel 

nickel 

lead 

lead 

lead 

tin 

tin 

rin 

copper 

copper 

copper 

bismuth 

bismuth 

bismuth 

antimony 

antimony 

antimony 

araenio 

arsenic 

* arsenic 

mercury 

mercury 

. mercury 

silver 

silver 

silver 

gold 

gold 

gold 

platinum 

platinum 

platinum 


1 The existence of metallic phosphites supposes that metals are suscep- 
tible of solution in phosphoric acid at different degrees ol oxygenation, 
which is not yet aacortaiUed. — Author. 

* All the ph6sphitea were unknown tiu iatelyi and consequently heva ^ 

received names,— A uthor. j,. ji 

* The greater part of the phosphates were ohly discovered of puep 
have not yet been named.— A uthor, 
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lished fact which 1 have perhaps repeated too 
oftc^ Hence, as sulphurous acid is already de- 
prived of gr^t part of the oxygen necessary 
for forming the sulphuric acid, it is more dis- 
posed to recover oxygen than to furnish it to 
the greatest part of the metals; and, for this 
reason, it cannot dissolve them unless previous- 
ly oxidated by other means. From the same 
prindple it is that the metallic oxides dissolve 
without effervescence, and with great facility, 
in sulphurous acid. This acid, like the muri- 
atic, has even the property of dissolving me- 
tallic oxides surcharged with oxygen, and con- 
sequently insoluble in sulphuric acid, and in 
this way forms true sulphates. Hence we might 
be led to conclude that there are no metallic 
sulphites, were it not that the phenomena 
which accompany the solution of iron, mer- 


cury, and some other metals, convince us that 
these metallic substances are susceptible of 
two degrees of oxidation, during their solution 
in acids. Hence the neutral salt in which the 
metal is least oxidated must be named sulphite, 
and that in which it is fully oxidated must be 
called sulphate. It is yet unknown whether this 
distinction is applicable to any of the metallic 
sulphates, except those of iron and mercury. 

Section XVI 

OhservaJtions upon Phosphorous and Phosphoric 
Acids and their Combinations mth Salifiahle 

Under the article Phosphorus, Part ul, Sec- 
tion IX, we have already given a history of the 
discovery of that singular substance, witfi some 


Table of the Combinations of Carbonic Acid, with the 
Salifiahle Bases, in the Order of Affinity 


Names of Resulting Neutral Salts 

Baset^ New Names Old Names 


Barytes Carbonates of bar 3 rte 8 

Aerated or effervescent heavy earth 

Lime 

lime 

Chalk, calcareous spar, aerated cal- 
careous earth 

Potash 

potash 

Effervescing or aerated fixed vege- 
table alkali, mephitis of potash 

Soda 

soda 

Aerated or effervescing fixed mineral 
alkali, mephitic soda 

Magnesia 

magnesia 

Aerated, effervescing, mild, or me- 
phitic magnesia 

Ammonia 

ammonia 

Aerated, effervescing, mild, or me- 
phitic volatile alkali 

Argill 

argill 

Aerated or effervescing argillaceous 
earth, or earth of alum 

Oxide of ziiKj 

zinc 

Zinc spar, mephitic or aerated zinc 

iron 

iron 

Sparry iron-ore, mephitic or aerated 
iron 

manganese 

manganese 

Aerated manganese 

cobalt 

cobalt 

Aerated cobalt 

nickel 

nickel 

Aerated nickel 

lead 

lead 

Sparry lead-ore, or aerated lead 

tin 

tin 

Aerated tin 

copper 

copper 

Aerated copper 

bismuth 

bismuth 

Aerated bismuth 

antimony 

antimony 

Aerated antimony 

ansenic 

arsenic 

Aerated arsenic 

mercury 

mercury 

Aerated mercury 

silver 

silver 

Aerated silver 

gold 

gold 

Aerated gold 

platinum 

platinum 

Aerated platinum 


1 As these salts have only been understood of late, they have not, properly 
speaking, any old names. M. Morveau, in the first volume of the Encyctopedia, 
calls them Mepkitea; M. Bergman gives them the name of aerated; and M. de 
Fourcroy, who calls the carbonic acid acid, gives them the name of ehaUeSn 

— ^Autbob. 
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observations upon the mode of its existence in 
vegetable and animal bodies. The best method 
of obtaining this acid in a state of purity is by 
burning well purified phosphorus under bell- 
glasses, moistened on the inside with distilled 
water; during combustion it absorbs twice and 
a half its weight of oxygen; so that 100 parts of 
phosphoric acid is composed of 28)4 of 
phosphorus united to h)4 parts of oxygen. 
This acid may be obtained concrete, in form of 
white flakes which greedily attract the moist- 
ure of the air, by burning phosphorus in a dry 
glass over mercury. 

To obtain phosphorous acid, which is phos- 
phorus less oxygenated than in the state of 
phosphoric acid, the phosphorus must be burnt 
by a very slow spontaneous combustion over 
a glass-funnel leading into a crystal phial; after 
a few days, the phosphorus is found oxygen- 
ated, and the phosphorous acid, in proportion 
as it forms, has attracted moisture from the 
air and dropped into the phial. The phospho- 
rous acid is readily changed into phosphoric 
acid by exi)osure for a long time to the free air; 
it absorbs oxygen from the air and becomes 
fully oxygenated. 

As phosphorus has a sufiicient afi[inity for 
oxygen to attract it from the nitric and muri- 
atic acids, we may form phosphoric acid by 
means of these acids in a very simple and cheap 
manner. Fill a tubulated receiver half full of 
concentrated nitric acid and heat it gently, 
then throw in small pieces of phosphorus 
through the tube; these are dissolved with ef- 
fervescence and red fumes of nitrous gas fly 
off; add phosphorus so long as it will dissolve, 
and then increase the fire under the retort to 
drive off the last particles of nitric acid; phos- 
phoric acid, partly fluid and partly concrete, 
remains in the retort. 

Skction XVII 

Observations upon Carbonic Add and its Com- 
binations wM Salifiable Bases 

Of all the known acids, the carbonic is the 
most abundant in nature ; it exists ready formed 
in chalk, marble, and all the calcareous stones, 
in which it is neutralised by a particular earth 
called lime. To disengage it from this combi- 
nation, nothing more is requisite than to add 
some sulphuric acid, or any other which has a 
stronger affinity for lime; a brisk effervescence 
ensues, which is produced by the disengagement 
of the' carbonic acid which assumes the stetc of 
ges immediately upon being set free. This gas, 


incapable of being condensed into the solid or 
liquid form by any degree of cold or of pressure 
hitherto known, unites to about its own bulk 
of water and thereby forms a very weak acid. 
It may likewise be obtained in great abund- 
ance from saccharine matter in fermentation 
but is then contaminated by a small portion of 
alcohol which it holds in solution. 

As charcoal is the radical of this acid, we 
may form it artificially by burning charcoal 
in oxygen gas, or by combining charcoal, 
and metallic oxides in proper proportions; the 
oxygen of the oxide combines with the char- 
coal, forming carbonic acid gas, and the metal 
being left free recovers its metallic or reguline 
form. 

We are indebted for our fimt knowledge of 
this acid to Dr. Black, before whose time its 
property of remaining always in the state of 
gas had made it to elude the researches of 
chemistry. 

It would be a most valuable discovery to so- 
ciety if we could decompose this gas by any 
cheap process, as by that means we might ob- 
tain, for economical purposes, the immense 
store of charcoal contained in calcareous earths, 
marbles, limestones, &c. This cannot be ef- 
fected by single affinity, because to decompose 
the cartenic acid it requires a substance as 


Table of the Combinations of Oxygenated 
Muriatic Acid with the Salifiable Bases, 
in the Order of Affinity 


Names of the Bases Neutral SaltSf New Names 
Barytes Oxygenated muriate of barytes 


Potash 
Soda 
Lime 
Magnesia 
Ar^ll 

Oxide of zinc 
iron 


manganese 

cobalt 

nickel 

lead 

tin 

copper 

bismuth 

antimony 

arsenic 

mercury 

silver 

gold 

platinum 


potash 
soda 
lime 

magneria 

argUl 

zinc 

iron 

manganese 

cobalt 

nickel 

lead 

tin 

copper 

bismuth 

antimony 

arsenic 

mercury 

ttlver 

gold , 

platinum 


This order of salts, entirely unknown w- 
eient chemists, was discovered in 1786 by M, Ber- 
tholiet.— AirraoB. 
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ABLfi 

Names of the 
Bases 


iff ike Con^ifuAims of Muriatic Add wUh ihs 
Salifiable Baees in the Order qf Affinity 

ResuUin, feuJtral Salts 
New Names Old Names 


Barytes Muriate of barytes 


Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

ar^ 

Oxide of zinc 
iron 

manganese 

cobalt 

nickel 

zinc 

iron 

manganese 

cobalt 

nickel 

lead 

lead 

tin 

smoking of tin 
solid of tin 

copper 

bismuth 

antimony 

arsenic 

copper 

bismuth 

antimony 

arsenic 

mercury 

sweet of mercury 

corrosive of 
mercury 

silver 

rilver 

gold 

platinum 

gold 

platinum 


Sea-salt, having base of 
heavy earth 

Febrifuge salt of Sylvius; 

Muriated vegetable fixed 

alkali 

Sea-salt 

Muriated lime 

Oil of lime 

Marine Epsom salt 

Muriated magnesia 

Sal ammoniac 

I Muriated alum, sea-salt with 
base of earth of alum 
Sea-salt of, or muriatic zinc 
Salt of iron, Martial sea-salt 
Sea-salt of manganese 
Sea-salt of col>alt 
Sea-salt of nickel 
Horny-lead; plumbum 
corneum 

Smoking liquor of Libavius 
Solid butter of tin 
Sea-salt of copper 
Sea-salt of bismuth 
Sea-salt of antimony 
Sea-salt of arsenic 
Sweet sublimate of mercury, 
calomel, aquila alba 
Corrosive sublimate of 
mercury 

Homy silver, argentum 
corneum, luna cornea 
Sea-salt of gold 
Searsalt of platinum 


combustible as charcoal itself, so that we should 
only make an exchange of one combustible 
body for another not more valuable ; but it may 
possibly be accomplished by double affinity, 
since this process is so readily performed by 
nature during vegetation from the most com- 
mon materials. 

Section XVIII . 

Obserpatians upon Muriatic and OxygenaiedMur 
riatic Add and their Combinatione wUh Soii- 
fieble Baees 

l^iuriatk acid is very abundant in the min- 
kingdom naturally combined i^th differ- 
^ s^iilBable bases, esp^ally with soda, lime, 
and magnesia. In sea-water, and the water of 


several lakes, it is combined with these three 
bases, and in mines of rock-salt it is chiefly 
united to soda. This acid does not appear to 
have been hitherto decomposed in any chem- 
ical experiment; so that we have no idea what- 
ever of the nature of its radical and only con- 
clude from analogy with the other acids that it 
contains oxygen as its acidifying principle. 
BerthoUet suspects the radical to be of a me- 
tallic nature; but, as nature appears to form 
this acid daily in inhabited pla^ by combiner 
ing miasmata with aeriform .fluids, this must 
necessarily suppose a metallic gas to exist in 
the atmosphere, which is certai^y not impoe- 
«ble but cannot be admitted without p^f. . 

The muriatb acid has only a moderate ad- 
herence to the satiable bases and can readily 
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be ifaiven irom its combination with these by 
sulphuric acid. Other adds, as the nitric for 
instance, may answer the same purpose; but 
nitric acid being volatile would mix, during 
distillation, with the muriatic. About one part 
of sulphuric acid is sufficient to decompose two 
parts of decrepitated sea^salt. This operation 
is performed in a tubulated retort, having 
Woulfe*8 apparatus, (Plate iv. Fig. f ), adapted 
to it. When all the junctures are properly luted, 
the sea-salt is put into the retort through the 
tube, the sulphuric acid is poured on, and the 
opening immediately closed with its ground 
crystal stopper. As the muriatic acid can only 
subsist in the gaseous form in the ordinary 
temperature, we could not condense it without 
the presence of water. Hence the use of the 
water with which the bottles in Woulfe’s ap- 
paratus are half filled; the muriatic acid gas, 
driven off from the sea-salt in the retort, com- 
bines with the water and forms what the old 
chemists called sinoking spirit of sali^ or GZau- 
her's spirit of sea-salt^ which we now name 
muriatic acid. 

Table of the Combinations of Nitro-Muriatic 
Acid with the Salifiable Bases in the Order 
of Affinity so Far as is Known 

Names of the Bases Names of the Neutral Salts 
Argill Nitro-muriate of argill 


Ammonia 

ammonia 

Oxide of antimony 

antimony 

silver 

silver 

arsenic 

arsenic 

Barytes 

barytes 

Oxide of bismuth 

bismuth 

Lime 

lime 

Oxide of cobalt 

cobalt 

copper 

copper 

tin 

tin 

iron 

iron 

Magnesia 

magnesia 

Oxide of manganese 

manganese 

mercury 

mercury 

molybdenum 

molybdenum 

nickel 

nickel 

gold 

gold 

platinum 

platinum 

lead 

lead 

Potash 

potash 

Soda 

soda 

Oxide of tungsten 

tungsten 

ssinc 

zinc 


Most of these combinations, especially 
those with the earths and alkalies, have been little 
examine, and we are yet to learn whether they 
form a adxed salt in -whirib the compound radical 
rsipidns combined, or if two adds separate to 
form two distinct neutral salts. — AutaoB. 


The acid obtained by, the above; process In 
still capable of combining with a fuftbnr dose 
of oxygen, by bring distilled from the oxidenof 
manganese, lead, or mercury, and the resulting 
acid, which we name oxygwaited muriaHo acidi 
can only, like the former, exist in the gaseous 
form and is absorbed in a much smaller quan- 
tity by water. When the impregnation of water 
with this gas is pushed beyond a certain point, 
the superabundant acid precipitates to the 
bottom of the vessels in a concrete form. M. 
Berthollet has shown that this acid is capable 
of combining with a great number of the. sal* 
ifiable bases; the neutral salts which result 
from this union are susceptible of deflagrating 
with charcoal and many of the metallic sul> 
stances; these deflagrations are very violent 
and dangerous, owing to the great quantity of 
caloric which the oxygen carries alongst with 
it into the composition of oxygenated muriatic 
acid. 

Section XIX 

Observations upon NiirchMuriatic Add and its 

Combinations with Salifiable Bases 

The nitro-muriatic acid, formerly called aqua 
regia, is formed by a mixture of nitric and mu- 
riatic acids; the radicals of these two acids 
combine together and form a compound base, 
from which an acid is produced, having prop- 
erties peculiar to itself and distinct from those 
of all other acids, especially the property of 
dissolving gold and platinum. 

In dissolutions of metals in this acid, as in 
all other acids, the metals are first oxidated by 
attracting a part of the oxygen from the com- 
pound radical. This occasions a disengagement 
of a particular species of gas not hitherto de- 
scribed, which may be called nitro-murioHegas; 
it has a very disagreeable smell and is fatal to 
animal life when respired; it attacks iron' and 
causes it to rust; it is absorbed in considmble 
quantity by water, which thereby acquiressome 
slight characters of acidity. I had occasion to 
make these remarks during a course of exfxoi- 
ments upon platinum, in which I dissdlv^ a 
considerable quantity of that metal kmitiro- 
muriatic acid. 

I at first suspected that in themixturu^of ni- 
tric and muriatic acids the latter attracted a 
part of theoxygen from the former and became 
converted into oxygenated muxiktic add, wUcb 
gave it the property of dissolrin|; but 
seveml facts renimn inexpticable uponi^ sap- 
position. Were it so, we must beeble todnefn* 
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ga^ nitroua gas by heating this acid, which 
howevei* does not sensibly happen. From these 
con^detatibns, I am ted to adopt the opinion 
of ]^. Berthollet and to consider nitro-muri- 
atic acid as a single acid, with a compound 
base or radical. 


Table of the Combinatiom of Fluoric Acid 
wiih the SaUfiable Bases^ in the Order 
of Affinity 


Names of the Bases 

Names of the Neutral Salts 

Lime 

Fluat of lime 

Baiytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 

And by the dry way, 
Argill 

Fluat of argill 


Note , — These combinations wore entirely unknown 
to the old chemists, and consequently have no names 
in the old nomenclature. — A uthob. 


Section XX 

Obeervaiions upim the Fluoric Add and its 

ConAinations with Salifiable Bases 

Fluoric exists ready formed by nature in the 
fluoric spars, combined with calcareous earth 
so as to form an insoluble neutral salt. To ob- 
tain it disengaged from that combination, fluor 
spar, or fluat of lime, is put into a leaden re- 
tort, with a proper quantity of sulphuric acid; 
a recipient likewise of lead, half full of water, is 
adapted, and fire is applied to the retort. The 
sulphuric acid, from its greater affinity, expels 
tibe fluoric acid which passes over and is ab- 
sorbed by the water in the receiver. As fluoric 
acid is naturally in the gaseous form in the or- 
dixlary temperature, we can receive it in a pneu- 
ndito^hemidal apparatus over mercury. We 
^ obliged to employ metallic vessels in this 
piodess, because fluoric acid dissolves glass and 


silkious earth and even renders these bodies 
volatile, carrying them over with itself in dis- 
tillation in the gaseous form. 

We are indebted to M. Margraff for our 
first acquaintance with this acid, though, as he 
could never procure it free from combination 
with a considerable quantity of silicious earth, 
he was ignorant of its being an acid sui generis* 
The Duke de Liancourt, under the name of M« 
Boulanger, considerably increased our knowl- 
edge of its properties; and M. Scheele seems 
to have exhausted the subject. The only thing 
remaining is to endeavour to discover the na- 
ture of the fluoric radical, of which we cannot 
form any idpas as the acid does not a]|pcar to 
have been decomposed in any experimcuit. It is 
only by means of compound affinity that ex- 
periments can be made with this view with any 
probability of success. \ 


Table of the Combinalions of Boracic Acid 
rvith the Salifiable Bases^ in the Order 
of Affinity 


Bases 

Neutral Salts 

Lime 

Borate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

mercury 

mercury 

Argill 

argill 


Note . — Most of these combinations were neither 
kno^m nor named by the old chemists. The boracic 
acid was formerly called sedative salt and its com- 
pounds borax, with base of fixed vegetable alkali, 
&c. — Authob. 

Section XXI 

Observations upon Boracic Acid and its Coin- 
binations with Salifiable Bases 

This is a concrete acid extracted from a salt 
procured from India called borax or tincall. Al- 
though borax has been very long employed in 
the arts, we have as yet very imperfect knowl- 
edge of its origin and of the methods by vrhieh 
it is extracted and purified; there is reason to 
believe it to be a native salt, found in the earth 
in certain parts of the east and in the water of 
some lakes. The whole trade of borax is in the 
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hands of the Dutch, who have been exclusive- 
ly possessed of the art of purifying it till very 
lately when MM. L'Eguillier of Paris have 
rivalled them in the manufacture ; but the proc- 
ess still remains a secret to the world. 

By chemical analysis we learn that borax is 
a neutral salt with excess of base, consisting of 
soda, partly saturated with a peculiar acid 
long called Homberg^s sedative salt, now the ho- 
rode acid. This acid is found in an uncombined 
state in the waters of certain lakes. That of 
Cherchiaio in Italy contains grains in 
each pint of water. 

To obtain boracic acid, dissolve some borax 
in boiling water, filtrate the solution, and add 
sulphuric acid, or any other having greater af- 
finity to soda than the boracic acid ; this latter 
acid is separated and is procured in a crystal- 
line form by cooling. This acid was long con- 
sidered as being formed during the process by 
which it is obtained and was consequently sup- 
posed to differ according to the nature of the 
acid employed in separating it from the soda; 
but it is now universally acknowledged that it 
is identically the same acid, in whatever way 
procured, provided it be properly purified from 
mixture of other acids by washing and by re- 

Table of the Combinations of Arseniac Add 
with the Salifiable Bases, in the Order 
of Affinity 


Bases Neutral Salts 


Lime 

Arseniate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

Argill 

argill 


jVote.— This order of salts was entirely unknown 
to ^e ancient chemists. M. Macquerj in 1746, dis- 
covered the combinations of arseniac acid with 
potash 'and soda, to which he gave the name of 
arsenical neutral salts, — Author. 
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peated solution and crystallization. It is solu- 
ble both in water and alcohol and has the prop- 
erty of communicating a green colour to the 
fiame of that spirit. This circumstance led to a 
suspicion of its containing copper, which is not 
confirmed by any decisive experiment. On the 
contrary, if it contain any of that metal, it 
must only be considered as an accidental mix- 
ture. It combines with the salifiable bases in 
the humid way; and though, in this manner, it 
is incapable of dissolving any of the metals di- 
rectly, this combination is readily effected by 
compound affinity. 

The table presents its combinations in tile 
order of affinity in the humid way; but there is 
a considerable change in the order when we 
operate via sicca; for, in that case, argill, though 
the last in our list, must be placed immediately 
after soda. 

The boracic radical is hitherto unknown; no 
experiments having as yet been able to decom- 
pose the acid; we conclude, from analogy with 
the other acids, that oxygen exists in its com- 
position as the acidifying principle. 

Section XXII 

Observations upon Arseniac Add and its Com- 

binations with Salifiable Bases 

In the Recudl de VAcadimie for 1746, M. 
Macquer shows that when a mixture of white 
oxide of arsenic and nitre are subjected to the 
action of a strong fire a neutral salt is obtained, 
which he calls neutral salt of arsenic. At that 
time, the cause of this singular phenomenon, 
in which a metal acts the part of an acid, was 
quite unknown; but more modem experiments 
teach that during this process the arsenic be- 
comes oxygenated, by carrying off the oxygen 
of the nitric acid; it is thus converted into a 
real acid and combines with the potash. There 
are other methods now known for oxygenating 
arsenic and obtaining its acid free from com- 
bination. The most simple and most effectual 
of these is as follows: dissolve white oxide of 
arsenic in three parts, by weight, of muriatiq 
acid; to this solution, in a boiling state, add 
two parts of nitric acid and evaporate to dry- 
ness. In this process the nitric add is decom- 
posed, its oxygen unites with the oxide of aF% 
senic and converts it into an add, and the ni- 
trous radical files off in the state of nitrous gas; 
whilst the muriatic add is convert by the 
heat into muriatic add gas and may be col- 
lected in proper vessels. The arseniac add is 
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freed from the 'Other acids toplo^Hed 
during the perbeess by beating it in a crudble 
till it begins to grow red; what remains is pure 
oonerete arseniac acid. 

Scheele’s process, which was repeated 
with great success by M. Morveau in the lab- 
oratory at Dijon, is as follows: distil muriatic 
acid from the black oxide of manganese; this 
converts it into oxygenated muriatic acid; by 
earr3dng off the oxygen from the manganese; 
receive this in a recipient containing white 
oxide of arsenic, covered by a little distilled 
water; the arsenic decomposes the oxygenated 
muriatic acid by carrying off its supersatura- 
tion of oxygen; the arsenic is convert^ into ar- 
seniac acid, and the oxygenated muriatic acid 
is brought back to the state of common muri- 
atic acid. The two acids are separated by dis- 
tillation, with a gentle heat increased towards 
the end of the operation; the muriatic acid 
passes over and the arseniac acid remains be- 
hind in a white concrete form. 

The arseniac acid is considerably less vola- 
tile than white oxide of arsenic; it often con- 
tains white oxide of arsenic in solution, owing 
to its not being sufficiently oxygenated; this is 
prevented by continuing to add nitrous acid, 
as. in the former process, till no more nitrous 
gas is produced. From all these observations I 
would give the following definition of arseniac 
acid. It is a white concrete metallic acid, formed 
by the combination of arsenic with oxygen, 
fixed in a red heat, soluble in water, and ca- 
pable of combining with many of the salifiable 
bases. 

Section XXIII 


ObsmaUons upon Molyhdic Acid and its Com- 
binations v)ith Salifiable Bases 


. Molybdenum is a particular metallic body, 
capable of being oxygenated so far as to b^ 
come a true concrete acid.' For this purpose, 
one part ore of molybdenum, which is a natural 
sulphuret of that metal, is put into a retort 
with five or six parts nitric acid, diluted with a 
quarter of its wiright of water, and heat is ap- 
plied to the retort) ; the oxygen of the nitric acid 
acts both upon the molybdenum and the sul- 
phur, converting the one into molybdic and 
the other into eulphuric acid; pour on fresh 
quantities of nitric acid so long as any red 
fumes of nitrous gas escape; the molybdenum 


aeid was discovered by M. Sdbeele» to 
ifbom (diemistry is indebted for the discovery of 
eeverSl 'oilier aeids.--^AirrBOB. r 


is then oxygenated as far as is possible and id 
found at the bottom of riie retort in a pulveru^ 
lent form, resembling dialk. It ihust be washed 
in warm water, to separate any adhering parti- 
cles of sulphuric acid; and, as it is hardly sol- 
uble, we lose very little of it in this operation. 
All its combinatioDs with salifiable b^es were 
unknown to the ancient chemists. 

Table of ths Combinations of Tungstic Acid 
with the Salifiable Bases 

Bases Neutral Salts 

Lime Tungstate of lime 

Barytes 
Magnesia ’ 

Potash 
Soda 
Ammonia 
Argill 

Oxide of antimony, &c. 



Section XXIV 

Observations upon Tungstic Acid and its Com- 
binations uith Salifiable Bases 

Tungsten is a particular metal, the ore of 
which has frequently been confounded with 
that of tin. The specific gravity of this ore is to 
vrater as 6 to 1 ; in its form of crystallization it 
resembles the garnet and varies in colour from 
a pearl-white to yellow and reddish ; it is found 
in several parts of Saxony and Bohemia. The 
mineral called wolfram, w^hich is frequent in 
the mines of Cornwall, is likewise an ore of 
this metal. In all these ores the metal is oxi- 
dated; and, in some of them, it appears even 
to be oxygenated to the state of acid, being 
combined with lime into a true tungstate of 
lime. 

To obtain the acid free, mix one part of ore 
of tungsten with four parts of carbonate of pot- 
ash and melt the mixture in a crucible; then 
powder and pour on twelve parts of boiling wa- 
ter, add nitric acid, and the tungstic acid pre- 
cipitates in a concrete form. Afterwards, to in- 
sure the complete oxygenation of the metal, 
add more nitric acid and evaporate to dryness, 
repeating this operation so long as red fumes of 
nitrous gas are produced. To procure tungstic 
acid perfectly pure, the fusion of the ore with 
carbonate of potash must be made in a crucible 
of platinum, otherwise the earth of the com- 

<A11 these salts were unknown to the anoi^i 
chemists.— Autbob. , 
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mm cmciblaB will mix with the products and 
adulterate the acid* , 


Table of the CornMruUima cf TartarauA Acid 
with the Salifiable Bases, in the Order , 
of Affinity 


Bases 

Neutral Salts 

Lime 

Tartarite of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Ars^U 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

silver 

rilver 

mercury * 

mercury 

goM 

gold 

platinum 

platinum 


Section XXV 

Observations upon Tartarous Add and its Com- 
binations with Salifiable Bases 

Tartar, or the concretion which fixes to the 
inside of vessels in which the fermentation of 
wine is completed, is a well known salt, com- 
posed of a peculiar acid united in considerable 
excess to potash. M. Scheele first pointed out 
the method of obtaining this acid pure. Having 
observed that it has a greater affimty to lime 
than to potash, he directs us to proo^ in the 
following manner. Dissolve purified tarter in 
boiling water and add a sufiicient quantity of 
lime till the acid be completely saturated. The 
terterite of lime which is formed, being almost 
insoluble in cold water, falls to the bottom and 
is separated from the solution of potash by de- 
cantation; it is afterwards wash^ in cold wa- 
ter and dried ; then pour on some sulphuric acid, 
diluted with eight or nine parts of water, digest 
for twelve hours in a gentle heat, frequently 
sthimg the mixturie; the sulphuric acid ^lu- 
bines. with the lime, and the tartarous ac^ ^ 
left free. A small quantity of gas, not yet ex- 
amine^, is disengaged during tins process. At 
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the md of twelve hours, having decanted oft 
the dear liquor, wash the aulp^te of lime in 
cold water, which add to the decanted liqoOT, 
then evaporate the whole, and the tartarous 
acid is obtained in a concreteform. Two pounds 
of purified tartar, by means of from e^t to 
ten ounces of sulphuric acid, yield about elev- 
en ounces of tartarous acid. 

As the combustible radical exists in excess^ 
or as the acid from tartar is not fully saturated 
with oxygen, we call it tcartaroiLS add, and the 
neutral salts fonned by its combinations with 
salifiable bases tartarites. The base of the tar- 
terous acid is a carbono-hydrous or hydro-car- 
bonous radical, less oxygenated than in the ox- 
alic acid; and it would appear, from the exper- 
iments of M. Hassenfratz, that azote enters 
into the composition of the tartarous radical 
even in considerable quantity. By oxygenating 
the tartarous acid, it is convertible into oxalic, 
malic, and acetous acids; but it is probable the 
proportions of hydrogen and charcoal in the 
radical are changed during these conversions, 
and that the difference between these acids 
does not alone consist in the different degrees 
of oxygenation. 

The tartarous acid is susceptible of two de- 
grees of saturation in its combinations with the 
fixed alkalies; by one of these a salt is formed 
with excess of acid, improperly called cream of 
tartar, which in our new nomenclature is named 
addulous tartarite of potash; by a second or 
equal degree of saturation a perfectly neutral 
salt is formed, formerly called vegetable salt, 
which we name tartarite of potash* With soda 
this acid forms tartarite of soda, formerly called 
sal de Sdgnette, or sal polychrest of RocheU* 

SBcrnoN XXVI 

Observations upon Malic Acid and its Combiner 

Hons with Salifiable Bases 

The malic acid exists ready formed in the 
sour juice of ripe and unripe apples, and mahf 
other fruits, and is obtained as follows: satu- 
rate the juice of apples with potash or soda and 
add a proper proportion of acetite of lead dis- 
solved in water; a double decomposition takes 
place; the malic acid combines with the oxide 
of lead and precipitates, being almost , inanlu- 
bje, and the acetite of potash or spda repi^ 
inthefiquor. The malate of lead being 
ed by dentation is washed wi& c^ld water, 
and . some (filute sulphuric add is addedV ^^ 
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unites with the lead into an insoluble sul- 
phate and the malic acid remains free in the 
liquor. 

This acid, which is found mixed with citric 
and tartarous acid in a great number of fruits, 
is a kind of medium between oxalic and 
acetous acids, being more oxygenated than the 
former and less so than the latter. From this 
circumstance, M. Hermbstadt calls it tmpcr- 
fect vinegar; but it differs likewise from ace- 
tous acid, by having rather more charcoal 
and less hydrogen in the composition of its 
radical. 

When an acid much diluted has been used in 
the foregoing process, the liquor contains oxalic 
as well as malic acid and probably a little tar- 
tarous; these are separated by mixing lime- 
water with the acids, oxalate, tartarite, and 
malate of lime are produced; the two former, 


- - Table of the Comhinations of Citric Acid 
with the Salifiable Bases, in the Order 
of Affinity^ 


Bases 

Neutral Salts 

Barytes 

Citrate of barytes 

Lime 

lime 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

cobalt 

cobalt 

copper 

copper 

arsenic 

arsenic 

mercury 

mercury 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

Argill 

argill 


being insoluble, are precipitated, and the 
malate of lime remains dissolved ; from this the 
pure ma,lic acid is separated by the acetite of 
lead and afterwards by sulphuric acid, as direct- 
ed above. 

SbctionXXVII 

Observations upon Citric Add and its Combinor 
dons with Salifiable Bases 

l%e citric acid is procured by expression 
from lemons and is found in the juices of many 
i These combinations were unknown to the anciont 
chehiists^The order of affinity of the salifiable bases 
with this acid was determined by M. Bergman and 
M. de Breney of the Dijon Academy. — Authob. 


other fruits mixed with malic acid. To obtain 
it pure and concentrated, it is first allowed to 
depurate from the mucous part of the fruit by 
long rest in a cool cellar, and is afterwards 
concentrated by exposing it to the temperature 
of 4 or 5 degrees below zero, from 21® to 23® 
of Fahrenheit; the water is frozen, and the 


Table of the Combinations of Pyro^lignoits 
Add with the Salifiable Bases, in the Order 
of Affinity^ 


Bases 

Neutral Salts 

Lime Pyro-mucite of lime 

Barytes 

barytes 

Potash 

potash 

Soda ' 

soda 1 

Magnesia 

magnesia 

Ammonia 

ammoma 

Oxide of zinc 

zinc \ 

manganese 

manganese 

iron 

iron \ 

lead 

lead \ 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

i nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver ‘ 

gold 

gold 

platinum 

platinum 

Argill 

argill 


acid remains liquid, reduced to about an eighth 
part of its original bulk. A lower degree of 
cold would occasion the acid to be engaged 
amongst the ice, and render it difficultly separ- 
able. This process was pointed out by M. 
Georgius. 

It is more easily obtained by saturating the 
lemon-juice with lime, so as to form a citrate 
of lime which is insoluble in water; wash this 
salt and pour on a proper quantity of sulphuric 
acid; this forms a sulphate of lime, which pre- 
cipitates and leaves the citric acid free in the 
liquor. 

Section XXVIII 

Observations upon FyroAignous Add and its 

Combinations with Salifiahle Bases 

The ancient chemists observed that most of 
the woods, especially the more heavy and com- 
pact ones, gave out a particular acid spirit, by 
distillation, in a naked fire; but, before M. 

* The above affinities were determined by MM. 
de Morveau and Elos Bourfier de Clervauz. Theee 
combinations were entirely unknown till lately.— 
Autbob. 
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Goetling, who ^ves an account of his experi- 
ments upon this subject in Crell’s Chemical 
Journal for 1779, no one had ever made any 
inquiry into its nature and properties. This 
acid appears to be the same, whatever be the 
wood it is procured from. When first distilled, 
it is of a brown colour and considerably im- 
pregnated with charcoal and oil; it is purified 
from these by a second distillation. The pyro- 
lignous radical is chiefly composed of hydrogen 
and charcoal. 

Section XXIX 

Observatione upon Pyro-tartaroue Add and Us 

Comhinalions with Salifiable Bases 

The name of Pyro-tartarous add is given to a 
dilute empyreumatic acid obtained from puri- 
fied acidulous tartarite of potash by distilla- 
tion in a naked fire. To obtain it, let a retort be 
half filled with powdered tartar, adapt a tubu- 
lated recipient, having a bent tube communi- 
cating with a bell-glass in a pneumato-chemical 
apparatus; by gradually raising the fire under 
the retort, we obtain the pyro-tartarous acid 
mixed with oil, which is separated by means of 
a funnel. A vast quantity of carbonic acid gas 
is disengaged during the distillation. The acid 
obtained by the above process is much contam- 
inated with oil, which ought to be separated 
from it. Some authors advise to do this by a 
second distillation; but the Dijon academicians 
inform us that this is attended with great dan- 


Table of the Combinations of Pyro-mucous 
Addj with the Salifiable Bases, in the Order 
of Affinity^ 


Bases 

Nevtral Salts 

Potash Pyro-mucite of potash 

Soda 

soda 

Baiytes 

baiytes 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

antimony 

antimony 


I All 'these combinations were unknown to the 
ancient chemists. — A utbob. 
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ger from explosions which take {dace during 
the process. 

Section XXX 

Observations upon Pyro-mucous Add and Us 
Combinatio'ns with Salifiable Bases 

This acid is obtained by distillation in a na- 
ked fire from sugar and all the saccharine bod- 
ies; and, as these substances swell greatly in 
the fire, it is necessary to leave seven-eighths 
of the retort empty. It is of a yellow colour, 
verging to red, and leaves a mark upon the 
skin which will not remove but alongst with 
the epidermis. It may be procured less coloured, 
by means of a second distillation, and is con- 
centrated by freezing, as is directed for the 
citric acid. It is chiefly composed of water and 
oil slightly oxygenated and is convertible into 
oxalic and malic acids by farther oxygenation 
with the nitric acid. 

It has been pretended that a large quantity 
of gas is disengaged during the distillation of 
this acid, which is not the case if it be conduct- 
ed slowly by means of moderate heat. 

Section XXXI 

Observations upon Oxalic Add and its ComM- 
nations wUh Salifiable Bases 

The oxalic acid is mostly prepared in Swit- 
zerland and Germany from the expressed juice 

Table of the Combinations of the Oxalic Add, 
with the Salifiable Bases, in the Order 
of Ajfinity'^ 


Bases 

Neutral Salts 

Lime 

Oxalate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 


I All unknown to the ancient obemiate. — ^A utbob. 
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oC 90trelr ivfaidb it crystalluEes by being 
left long at rest; in this state it is pai^y sat- 
urated with potaahi forming a true acidulous 
oxalate of potash, or salt with excess of acid. To 
obtain it pure, it must be formed artificially by 
oxygenating sugar, which seems to be the true 
oxaUc radi<^. Upon one part of sugar pour six 
or eight parts of nitric acid and apply a gentle 
heat; a considerable effervescence takes place, 
and a great quantity of nitrous gas is disen- 
gaged; the nitric acid is decompo^, and its 
oxygen unites to the sugar. By allowing the 
liquor to stand at rest, crystals of pure oxalic 
add are formed, which must be dried upon 


blotting paper to separate any remaining por- 
tions of nitric add; and, to ensure the purity of 
the acid, dissolve ibee crystals in distilled water 
and crystallize them afresh. 

From the liquor remaining after the first 
crystallization of the oxalic acid we may obtain 
malic acid by refrigeration. This add is more 
oxygenated than the oxalic; and, by a further 
oxygenation, the sugar is convertible into ace- 
tous acid, or vinegar. 

The oxalic acid, combined with a small quan- 
tity of soda or potash, has the property, like 
the tartarous acid, of entering into a number 
of combinations without suffering decomposi- 


Tablb of the Combinaticne of Acetous Add with the Salifiable Bases 


in the Order 


Bases 

Neutral SaUs 

Barytes 

Acetite of barytes 

Potash 

potash 

Soda 

soda 

TJmft 

lime 

Magnema 

Ammonia 

magnesia 

ammonia 

Oxide of zinc 

zinc 

miinganeHP 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 


of Affinity \ 

Names of (he ResuUmg Neutral Salts \ 
According to the Old Names \ 
Unknown to the ancients. Discovered by 
M. de Morveau, who calls it barotie ac6te. 

Secret terra fcliakL tartari of Muller. Arcanum 
tartari of Basil Valentin and Paracelsus. 
Purgative magietery of tartar of SchroSder. 
JEeeential ealt of wine of Zwelfer. Regenerated 
tartar of Tachenius. Diuretic ealt of Sylvius 
and Wilson. 

Foliated earth with base of mineral alkali* 
Mineral or ciystallisable foliated earth. Min- 
eral acetous salt. 

Salt of chalk, coral, or crabs eyes; mentioned 
by Hartman. 

First mentioned by M. Wensel. 

Spiritue Mindereri. Ammoniacal acetous salt* 
Known to Glauber. Schwedemberg. Respour, 
Pott, de Lassone, and Wensel. but not named. 
Unknown to the ancients. 

Martial vinegw. Described by Monnet. Wen- 
sel. and the Duke d’Ayen. 

Sugar, vinegar, and salt of lead or Saturn. 
Known to Lemery, Margraff . Monnet, Wee- 
lendorf, and Wensel. but not named. 
Sympathetic ink of M. Cadet. 

Verdigris, crystals of verditer, verditer, dis- 
tilled verdigris, crystals of Venus or of copper. 
Unknown to the ancients. 

Arsenico-aoetous fuming liquor, liguid phos^ 
phorus of M. Cadet. 


bismuth Acetite of bismuth 


Swar of bismuth of M. Geoifroy. Known to 
Gellert, Pott, Weslondorf, Bergman, and de 
Morveau. 


merouiy 


mercury 


Mercurial foliated earth, Keyser^s famous 
antivenereal remedy. Mentions by Gebaver 
in 1748; known to Helot, Margraff, Baum6, 
Bergman, and de Morveau. 


aatimony 

silver 


gold 

platinum 




antimony 

inlver 

gcdd 

platinum 

BIl^ 


Unknown. 

I Described by Margraff, Monnet, and Wensel; 
unknown to the ancients. 

I Little known, mentioned by SehroSder and 
I Juncker. 

Unknown. 

I According to M* Wensel. vinegar dissolves 
I only a very small propor^on of arglU. 
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tioii. These compilations form trifle saite^ or 
n^tral salts with doable bases, which ouj^t to 
have properinames. The salt of sorrel, which is 
potash having oxalic acid comPned in excess, 
is named acidulous oxalate of potash in our 
new nomenclature. 

The acid procured from sorrel has been known 
to chemists for more than a century, being 
mentioned by M. Duclos in the Recueil de 
VAcadStnie for 1688, and was pretty accurately 
described by Boerhaave; but M. Scheele first 
showed that it contained potash and demon- 
strated its identity with the acid formed by the 
oxygenation of sugar. 

Section XXXII 

Observations upon Acetous Add and its Comr 

binations vdth Salifiable Bases . 

This acid is composed of charcoal and hydro- 
gen united together and brought to the state of 
an acid by the addition of oxygen; it is conse- 
quently formed by the same elements with the 
tartarous oxalic, citric, malic acids, and others, 
but the elements exist in different proportions 
in each of these; and it would appear that the 
acetous acid is in a higher state of oxygenation 
than these other acids. I have some reason to 
believe that the acetous radical contains a 
small portion of azote; and, as this element is 
not contained in the radicals of any vegetable 
acid except the tartarous, this circiimstance is 
one of the causes of difference. Theacetous acid, 
or vinegar, is produced by exposing wine to a 
gentle heat, with the addition of some ferment: 
this is usually the dregs, or mother, which have 
separated from other vinegar during fermenta- 
tion, or some similar matter. The spiritous part 
of the wine, which consists of charcoal and 
hydrogen, is oxygenated and converted into 
vinegar. This operation can only take place 
with free access of air and is always attended 
by a diminution of the air employed in conse- 
quence of the absorption of oxygen; wherefore, 
it ought always to be carried on in vessels only 
half filled with the vinous liquor submitted to 
the acetous fermentation. The add formed dur- 
ing this process is very volatile, is mixed with a 
large proportion of water and with many foreign 
substances; and, to obtain it pure, it is distilled 
in stoneor glass vessels by agentle fire. Theaeid 
which passes over in distillation is somewhat 
changed by the process, and is not exactly of the 
ssme nature with what remains in the alembic, 
but seems less oxygenated. This circumstance 
has ndt been foimerly obeyed by chemists. 


Distillation is not suffident for deprivlag 
this add ai all its unnecessary water; a^, for 
this purpose, the best way is by expodng it to a 
degree of cold from 4® to 6® below the freezing 
point, from 19® to 23® of Fahrenheit; by this 
means the aqueous part becomes frozen and 
leaves the add in a liquid state and consider- 
ably concentrated. In the usual temperature of 
the air, this acid can only exist in the gaseous 
form and can only be retained by combination 
with a large proportion of water. There are 
other chemical processes for obtaining the ace- 
tous acid, which consist in oxygenating the 
tartarous, oxalic, or malic acids, by means of 
nitric add; but there is reason to believe the 
proportions of the elements of the radical are 
changed during this process. M. Hassenfratz 
is at present engaged in repeating the experi- 
ments by which these conversions are said to 
be produced. 

The combinations of acetous add with the 
various salifiable bases are very readily formed ; 
but most of the resulting neutral salts are not 
crystallizable, whereas those produced by the 
tartarous and oxalic acids are, in general, hard- 
ly soluble. Tartarite and oxalate of lime are 
not soluble in any sensible degree. The malates 
are a medium between the oxalates and ace- 

TABiiB of the Combinations of Acetic Add with 

the Salifiable Basest in the Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Acetate of baiytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickd 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

Argill 

arpU 


Note . — All these salts were unknown to the an- 
cients; and even those chemists who are most vers- 
ant in modem discoveries, are yet at a loss whether 
the greater part of the salts produced by the oxygen- 
ated acetic radical belong prop^ly to the olaas <4 
aoetites, or to that of ^^eetates. — AvmoB. 
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tites, with respect to solubility, and the malic 
acid is in the middle degree of saturation be- 
tween the oxalic and acetous acids. With this, 
as with all the acids, the metals require to be 
oxidated previous to solution. 

The ancient chemists knew hardly any of 
the salts formed by the combinations of ace^ 
tous acid with the salifiable bases, except the 
acetites of potash, soda, ammonia, copper, and 
lead. M. Cadet discovered the acetite of ar- 
senic;^ M. Wenzel, the Dijon academicians, 
M. de Lassone, and M. Proust, made us ac- 
quainted with the properties of the other ace- 
tites. From the property which acetite of pot- 
ash possesses, of giving out ammonia in distil- 
lation, there is some reason to suppose that, 
besides charcoal and hydrogen, the acetous 
radical contains a small proportion of azote, 
though it is not impossible but the above pro- 
duction of ammonia may be occasioned by the 
decomposition of the potash. 

Section XXXIII 

Observations upon Acetic Add and its Combina- 
tions wUh Salifiable Bases 

We have given to radical vinegar the name 
of acetic acid, from supposing tlmt it consists 

Table of the Combinations of Succinic Acid 
with the Salifiable Bases, in the Order 
of Affinity 

Bases Neutral Salts 


Barytes Succinate of 

barytes 

Lime 

lime 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Magnesia 

magnesia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 

Note.— -AH the succinates were 
SQoient chemists. — Authob. 

1 Savane Btranoere. Vol. IIL 

unknown to the 


of the same radical with that of the acetous 
acid but more highly saturated with oxygen. 
According to this idea, acetic acid is the highest 
degree of oxygenation of which the hydro-car- 
bonous radical is susceptible; but, although 
this circumstance be extremely probable, it re- 
quires to be confirmed by further and more de- 
cisive experiments, before it be adopted as an 
absolute chemical truth. We procure this acid 
as follows: upon three parts acetite of potash 
or of copper pour one part of concentrated sul- 
phuric acid, and, by distillation, a very highly 
concentrated vinegar is obtained, which we call 
acetic acid, formerly named radical vinegar. It 
is not rigorously proved that this acid is more 
highly oxygenated than the acetous acid, nor 
that the difference between them may not con- 
sist in a different proportion between the ele- 
ments of the radical or base. ' 


Section XXXIV 

Observations upon Succinic Add and its Com- 
binations vrith Satifiahle Bases 

The succinic acid is drawn from amber by 
sublimation in a gentle heat and rises in a con- 
crete form into the neck of the subliming ves- 
sel. The operation must not be pushed tod far, 
or by too strong a fire, otherwise the oil of the 
amber rises alongst with the acid. The salt is 
dried upon blotting paper and purified by re- 
peated solution and crystallization. 

This acid is soluble in twenty-four times its 
weight of cold water and in a much smaller 
quantity of hot water. It possesses the qual- 
ities of an acid in a very small degree and only 
affects the blue vegetable colours very slightly. 
The affinities of this acid, with the salifiable 
bases, are taken from M. de Morveau, who is 
the first chemist that has endeavoured to as- 
certain them. 

Section XXXV 

Observations upon Benzoic Add and its Com- 
binations vdth Satifiahle Bases 

This acid was known to the ancient chemists 
under the name of Flowers of Benjamin, or of 
Benzoin, and was procured, by sublimation, 
from the gum or resin called Benzoin. The 
means of procuring it, via humida, was discov- 
ered by M. Geoffroy and perfected by M. 
Scheele. Upon benzoin, reduced to powder, 
pour strong lime-water, having rather an excess 
of lime; keep the mixture continually stirring 
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and, after half an hour’s digeBtion, pour off the 
liquor and use fresh portions of lime-water in 
the same manner, so long as there is any ap- 
pearance of neutralization. Join all the de- 
canted liquors and evaporate, as far as possi- 
ble, without occasioning crystallization, and, 
when the liquor is cold, drop in muriatic acid till 
no more precipitate is formed. By the former 
part of the process a benzoate of lime is form- 
ed, and by the latter the muriatic acid com- 
bines with the lime, forming muriate of lime, 
which remains dissolved, while the benzoic acid, 
being insoluble, precipitates in a concrete state. 

Section XXXVI 

OhservaJtionB upon Camphoric Add and Us Com- 

binations tvith Salifiable Bases 

Camphor is a concrete essential oil, obtained, 
by sublimation from a species of laurus which 
grows in China and Japan. By distilling nitric 
acid eight times from camphor, M. Kosegar- 
ten converted it into an acid analogous to the 
oxalic; but, as it differs from that acid in some 
circumstances, we have thought necessary to 
give it a particular name till its nature be more 
completely ascertained by farther experiment. 

As camphor is a carbono-hydrous or hydro- 
carbonous radical, it is easily conceived that, 
by oxygenation, it should form oxalic, malic, 
and several other vegetable acids. This conjec- 
ture is rendered not improbable by the experi- 
ments of M. Kosegarten; and the principal 
phenomena exhibited in the combinations of 
camphoric acid with the salifiable bases, being 
very similar to those of the oxalic and malic 
acids, lead me to believe that it consists of a 
mixture of these two acids. 


Section XXXVII 

Observations upon Oallie Acid, and its Com- 
binations with Salifiable Bases^ 

The gallic acid, formerly called principle of 
astringency, is obtained from gall nuts, either 
by infusion or decoction with water, or by dis- 
tillation with a very gentle heat. This acid has 
only been attended to within these few years. 
The Committee of the Dijon Academy have 
followed it through all its combinations and 
give the best account of it hitherto produced. 

<Theaa eombinations, which are called gdllateSt 
were all hnknawn to the ancienta; and the order of 
their affinity is not established.— Autbob. 


Its acid properties are very weak; it reddens 
the tincture of turnsole, decomposes sulphur- 
ets, and unites to all the metals when they have 
been previously dissolved in some other acid. 
Iron, by this combination, is precipitated of a 
very deep blue or violet colour. The radical of 
this acid, if it deserves the name of one, is hith- 
erto entirely unknown; it is contained in oak 
willow, marsh iris, the strawberry, njrmphea, 
Peruvian bark, the flowers and bark of pome- 
granate, and in many other woods and barks. 

Section XXXVIII 

Observations upon Ladic Acid and its Combina- 
tions tvith Salifiable Base^ 

The only accurate knowledge we have of 
this acid is from the works of M. Scheele. It is 
contained in whey, united to a small quantity 
of earth, and is obtained as follows: reduce 
whey to one eighth part of its bulk by evapo- 
ration and filtrate, to separate all its cheesy 
matter; then add as much lime as is necessary 
to combine with the acid ; the lime is afterwards 
disengaged by the addition of oxalic acid, which 
combines with it into an insoluble neutral salt. 
When the oxalate of lime has been separated by 


Table of the Combinations of Saccho-lactic 
Acid with the Salifiable Bases, in the Order 
of Affinity 


Bases 

Neutral Salts 

Lime Saccholate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver 


Note . — All these were unknown to the ancient 
chemists. — A utBob. 

’ These combinations are called lactatee; they were 
ail unknown to the ancient chemists and their affini- 
ties have not yet been ascertained. — A uteob. 
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^Bvaporat^ the remaining iiqnor to 
the ocmdatence hon^; the lactic acid ia dis- 
solved by idcohol, which' does, not unite with 
the stigs^P of milk and other foreign matters; 
these are separated by hltmtion from the alco- 
hol and acid ; and the alcohol being evaporated, 
or distilled off, leaves the lactic add l^ind. 

This add unites with all the salifiable bases, 
forming salts which do not crystallize; and it 
seems considerably to resemble the acetous 
acid. 

Section XXXIX 

Observations upon Saccho4actic Acid and its 
Combinations wUh Salifiable Bases 

A species of sugar may be extracted, by evap- 
oration, from whey, which has long been known 
in pharmacy, and which has a considerable re- 
a^blance to that procured from sugar canes. 
This saccharine matter, like ordinary sugar, 
may be oxygenated by means of nitric acid. 
For this purpose, several portions of nitric acid 
are distilled from it; the remaining liquid is 
evaporated and set to crystallize, by which 
means crystals of oxalic acid are procured; at 
the same time a very fine white powder precip- 
itates, which is the saccholactic acid discov- 
ered by Scheele. It is susceptible of combining 
with the alkalies, ammonia, the earths, and 
even with the metals. Its action upon the latter 
is hitherto but little known, except that, with 
them, it forms difficultly soluble salts. The 
order of affinity in the table is taken from 
Bergman. 

Table of Combinations of Formic Acid with 
the SolifuMe Bases, in tfw Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Formiate of barytes 

Potash 

potash 

Soda 

soda 

lime 

lime 

Magneda 

magnesia 

Ammonia 

ammonia 

Oxide of zme 

zinc 

manganese manganese 

iron 

iron 

kad 

lead 

tm 

tin 

cobalt 

cobalt 

copper 

c(^per 

nie^ 

nioM 

bismuth 

bismuth 

(diver 

Sliver 

Argill 

^^77 ^ ..i 

argill 

unknown to the andent chemii 




SectiohXL 

Obser^ioiM upofn Formic AM and its 
nctions with Sdifiabk Ba^^ 

This acid was first obtained by distillation 
from ants in the last (wtury, by Samuel Fisher. 
The subject was treated of by Margraff in 1749, 
and by MM. Ardwisson and Ochm of Leipzig 
in 1777. The formic acid is drawn from a large 
species of red ants, fdrmica rvfa, Lin,, which 
form large ant hills in woody places. It is pro- 
cured either by distilling the ants with a gentle 
heat in a glass retort or an alembic; or, after 
having washed the ants in cold water and dried 
them ui^na cloth, by pouring on boilthg water, 
which dissolves the acid ; or the acid msw be pro- 
cured by gentle expression from the ii&ects, in 
which case it is stronger than ih any of me form- 
er ways. To obtain it pure, we must rectify, by 
means of distillation, which separates ^t from 
the uncombined oily and charry matterjand it 
may be concentrated by freezing, in the man- 
ner recommended fpr treating the acetous acid. 

Section XLI 

Observations upon Bomhic Acid and its Com- 
binations with Salifiable Bases^ 

The juices of the silk worm seem to assume 
an acid quality when that insect changes from 

Table of the Combinations of the Sebadc Add 
with the Satifiable Bases, in the Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Sebate of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

coppier 

niekd 

ni^el 

J araenk 

arsenic 

bisihuth ' 

bismuth 

mercuiy 

mercury 

antimpny^ 

antimpuy . 

sflver 

silver 


Note, — All’ these. were unknown to the ancient 
ohemiito*— Auteor. ...»•> 

> These combinations named bombatee were un- 
known to ancient cheimstB; and .tiie affinities of 
tlie sahfialde bases with the bombic acid' aareundn- 
termined.— -Aimmau : - r « 
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a tarVa a ehryskBs. At ihd mbutient of itsoa* 
cap6 !h)iti the latter to the butterfly form, it 
emite a reddish Bx^uor reddens blue pa* 
per, and which was first attentively observed 
by M. Chaussier of the Dijon Academy, who 
obtains the acid by infusing silk worm chrysa* 
lids in alcohol, which dissolves their acid with- 
out being charged with any of the gummy parts 
of the insect; and, by evaporating the alcohol, 
the acid remains tolerably pure. The proper- 
ties and affinities of this acid are not hitherto 
ascertained with any precision; and we have 
reason to believe that analogous acids may be 
procured from other insects. The radical of 
this acid is probably, like that of the other 
acids from the animal kingdom, composed of 
charcoal, hydrogen, and azote, with the addi- 
tion, perhaps, of phosphorus. 

Section XLII 

Observations upon Sehacic Acid and its Combi- 

nations with SalifiabU Bases 

To obtain the sebacic acid, let some suet be 
melted in a skillet over the fire, alongst with 
some quicklime in fine powder, and constantly 
stirred, raising the fire towards the end of the 
operation, and taking care to avoid the vap- 
ours, which are very offensive. By this process 
the sebacic acid unites with the lime into a 
sebate of lime, which is with difficulty soluble in 
water; it is, however, separated from the fatty 
matters with which it is mixed by solution in a 
large quantity of boiling water. From this the 
neutral salt is separated by evaporation; and, 
to render it pure, is calcined, redissolved, and 
again crystallized. After this we pour on a 
proper quantity of sulphuric acid, and the se- 
bacic acid passes over by distillation. 

Section XLIII 

Observations upon LUhic Add and its Combina- 
tions with Salifiable Basest 

From the later experiments of Bergman and 
Scheele, the urinary calculus appears to be a 
species of salt with an earthy basis; it is slight- 
ly acidulous, and requires a large quantity of 
water for solution, three grains being scarcely 
soluble in a thousand grains of boiling water, 
and the greater part again crystallizes when 
cold. To this concrete acid, which M* de Mor- 
veau calls lithiasic add, we give the name of 

X All the oombinations of this acid, should it final- 
ly turn out to be one, were unknown to the ancient 
oh^Qoists, and its afiMties with the salifiable bases 
have not been determined.— Amwon* 


lUkic 4iddf natoee md properties of which 
are as yet very little known. There is some ap* 
p^rance that it is an acidulous neutral salt^ or 
acid oom(bined in> excess with a saUfiable base; 
and I have reason to belieVe that it really is an 
acidulous phosphate of lime; if so, it must be 
excluded from the class of peculiar acids. 

Table of the Combinations of the Prussic Add 
with the Salifiable Bases^ in the Order 
of Affinity 


Bases 

Neutral Salts 

Potash 

Prussiate of potash 

Soda 

soda 

Ammonia 

ammonia 

Lime 

lime 

Barytes 

barytes 

Magnena 

magnesia 

Oxide of zinc 

zinc 

iron 

iron 

manganese manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

silver 

silver 

mercury 

mercury 

gold 

gold 

platinum 

platinum 


Note . — All these were unknown to former chem- 
ists. — Author. 

Section XLIV 

Observations upon the Prussic Add and Us Com- 
binations wUh Salifiable Bases 

As the experiments which have been made 
hitherto upon this acid seem still to leave a con- 
siderable degree of uncertainty with regard to 
its nature, I shall not enlarge upon its proper- 
ties, and the means of procuring it pure and 
disengaged from combination. It combines with 
iron, to which it communicates a blue colour, 
and is equally susceptible of entering into com- 
bination with most of the other metals, which 
are precipitated from it by the alkalies, am- 
monia, and lime, in consequence of greater af- 
finity. The prussic radical, from the experi- 
ments of Scheele, and especially from those of 
M. Berthollet, seems composed of charcoal 
and azote; hence it b an acid with a double 
base. The phosphorus which has been foimd 
combined with it appears, from theexperiments 
of M. Hassenfratz, to be only accidental 
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Although thu a(4d combines with alkalies, in the class of adds; but, as I have already ob- 
eaiths, mid metak, in the same way with other served, it is difficult to form a decided opinion 
acids, it possesses only some of the properties upon the nature of this substance until the 
we have been used to attribute to adds, and it subject hw been farther elucidated by a great- 
may consequently be improperly ranked here er number of experiments. 



THIRD PART 


Description of the instruments and operations 
OF chemistry 


INTRODUCTION 

In the two former parts of this work I designed- 
ly avoided being particular in describing the 
manual operations of chemistry, because I had 
found from experience that, in a work appro- 
priated to reasoning, minute descriptions of 
processes and of plates interrupt the chain of 
ideas and render the attention necessary both 
difficult and tedious to the reader. On the 
other hand, if I had confined myself to the sum- 
mary^escriptions hitherto given, beginners 
could have only acquired very vague concep- 
tions of practical chemistry from my work and 
must have wanted both confidence and interest 
in operations they could neither repeat nor 
thoroughly comprehend. This want could not 
have been supplied from books ; for, besides that 
there are not any which describe the modem 
instruments and experiments sufficiently at 
large, any work that could have been consulted 
would have presented these things under a very 
different order of arrangement and in a different 
chemical language, which must greatly tend to 
injure the main object of my performance. 

Influenced by these motives, I determined 
to reserve, for a third part of my work, a sum- 
mary descriptfon of all the instruments and 
manipulations relative to elementary chemis- 
try. I considered it as better placed at the end, 
rather than at the beginning of the book, be- 
cause I must have been obliged to suppose the 
reader acquainted with circumstances which a 
beginner cannot know and must therefore have 
read the elementary part to become acquainted 
with. The whole of this third part may there- 
fore be considered as resembling the explana^ 
tions of plates which are usually placed at the 
end of academic memoirs that they may not 
interrupt the connection of the text by length- 
ened description. Though I have tal^ great 
pains to render this part clear and methodical 
and have not omitted any essential instrument 
or apparatus, I Bm far from pretending by it to 
set afflde the necessity of attendance upon lec- 


tures and laboratories for such as wish to ac- 
quire accurate knowledge of the science of 
chemistry. These should kmiliarise themselves 
to the employment of apparatus, and to the 
performance of experiments by actual experi- 
ence. Nihil est in intelledu quod non prim fuerit 
in sensUf the motto which the celebrated Rou- 
elle caused to be painted in large characters in 
a conspicuous part of his laboratory, is an im- 
portant truth never to be lost sight of either by 
teachers or students of chemistry. 

Chemical operations may be naturally di- 
vided into several classes, according to the pur- 
poses they are intended for performing, ^me 
may be considered as purely mechanical, such 
as the determination of the weight and bulk of 
bodies, trituration, levigation, searching, wash- 
ing, filtration, &c. Others may be considered 
as real chemical operations, because they are 
performed by means of chemical powers and 
agents; such are solution, fusion, &c. Some of 
these are intended for separating the elements 
of bodies from each other, some for reuniting 
these elements together; and some, as combus- 
tion, produce both these effects during tiie 
same process. 

Without rigorously endeavouring to follow 
the above method, I mean to give a detail of 
the chemical operations in such order of ar- 
rangement as seemed best calculated for con- 
veying instruction. I shall be more particular 
in describing the apparatus connected with 
modern chemistry, l^cause these are little 
known by men who have devoted much of their 
time to chemistry and even by many professors 
of the science. 

CHAPTER I 

Of the Instrument Necessary Jor Delerminifiji 

the Absolute and Specific Gravities of Solid 

and Liquid Bodies 

Thb best method known for determining the 
quantities of substances submitted to chemical 
experiment or resulting from them, is by means 
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of an accuratdy constructed beam and scales^ 
with properly regulated weights, which well 
known operation is called weighing. The de- 
nomination and quantity of the weights used 
as an unit or standard for this purpose are ex- 
tremely arbitrary, and vary not only in differ- 
ent kingdoms, but even in different provinces 
of the same kingdom, and in different cities of 
the same province. This variation is of infinite 
consequence to be well understood in commerce 
and in the arts; but, in chemistry, it is of no 
momentwhatparticulardenominationof weight 
be employed, provided the results of experi*- 
ments be expressed in convenient fractions of 
the same denomination. For this purpose, until 
all the weights used in society be reduced to 
the same standard, it will be sufficient for chem- 
ists in different parts to use the common pound 
of their own country as the unit or standard, 
and to express all its fractional parts in deci- 
mals instead of the arbitrary divisions now in 
use. By this means the chemists of all countries 
will be thoroughly understood by each other, 
as, although the absolute weights of the ingred- 
ients and products cannot be known, they will 
readily, and without calculation, be able to de- 
termine the relative proportions of these to 
each other with the utmost accuracy; so that 
in this way we shall be possessed of an univer- 
sal language for this part of chemistry. 

With this view I have long projected to have 
the pound divided into decimal fractions, and 
I have of late succeeded through the assistance 
of M* Fourche, balancer-maker at Paris, who 
has executed it for me with great accuracy and 
judgment. I recommend to all who carry on ex- 
periments to procure similar divisions of the 
pound, which they will find both easy and sim- 
ple in its application, with a very small knowl- 
edge of decimal fractions.^ 

r As the usefulness and accuracy of chemistry 
depend entirely upon the determination of the 
wiE^ts of the in^podients and products both 
before and after experiments, too much preci- 
stoiloannot be employed in this part of the sul> 
|eot; and, for this purpose, we must be provid- 
ed with good instrument. As we aie <tf]ten 
obliged, in chemical processes, to ascertain, 
within a grain or less^ the tare or weight of 
large and heavy instruments, we must have 
beaw niade with peculiar niceneiss by accurate 

4 M. Lavoisier's very socurate (^ecticms for re- 
ducing the common sufcnivisions of the French jpoiind 
jiutp d^imiU fractions, and pice terser given in tables 
suhjoii^' to this 3d part arh noi'printed in this^i- 


workmen, and these must always be kept apart 
from the laboratory in some place where the 
vapours of acids, or other corrosive liquors, 
cannot have access; otherwise the steel will 
rust, and the accuracy of the balance be de- 
stroyed. I have three sets, of different sizes, 
fmade by Mv Fontin with the utmost nicety, 
and, excepting those made by M. Ramsden of 
I-nndon, I do not think any can compare with 
them for precision and sensitivity. The largest 
of these is about three feet long in the b^m 
for large weights, up to fifteen or twenty pounds ; 
the second, for weights of eighteen or twenty 
ounces, is exact to a tenth part of a grain; and 
the smallest*, calculated only for weighmg about 
one gros, is sensibly affect^ by the five hun- 
dredth part of a grain. \ 

Besides these nicer balances, which |re only 
used for experiments of research, we must have 
others of less value for the ordinary pur^ses of 
the laboratory.. A large iron balance, capable 
of weighing forty or fifty pounds within half a 
draiu, one of a middle size, which may ascer- 
tain eight or ten pounds, witliin ten or twelve 
grains, and a small one, by which about a 
pound may be determined, within one grain. 

We must likewise be provided with weights 
divided into their several fractions, both vul- 
gar and decimal, with the utmost nicety, and 
verified by means of repeated and accurate 
trials in the nicest scales; and it requires some 
experience, and to be accurately acquainted 
with the different weights, to be able to use 
them properly. The best way of precisely as- 
certaining the weight of any particular sub- 
stance is to weigh it twice, once with the deci- 
mal divisions of the pound and another thne 
with the common subdivisions or vulgar frac- 
tions, and, by comparing these"; we attain the 
utmost accuracy. 

By the specific gravity of any substance is 
understood the quotient of its absolute weight 
divided by its magnitude, or, what is the same, 
the weight of a determinate bulk of any body. 
The weight of a determinate magnitude of wa- 
ter has been genially assumed as unity for 
this purpose,; and we express the specififc grav* 
ity gold, sulphuric acid, Ac* by saying tbat 
gold is nineteen times, and sulphuric acid twice 
the weight of water, and so of other bodies., ^ 

It is ^ more convenient to assume water as 
unity inspmfiegravities, that those substances 
whose specific gravity we wish to determinejSre 
most (Commonly weighed in water for that 
pose. Thus, if we wi^ to determine thespe^ 
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d&i tmviiy of gold &tteiiod insider ihe hsmr 
ixier, atid Bupporing the piece of gold to wei^ 
8 4 gr&9 2pi gtt. in the air^^ it is enspended 

by TZieaiis of a fine metallic wire under the acale 
of a hydro^tio balance so as to be entirely 
immersed in water and again weighed. The 
piece of gold in Mr. Brisson’s experiment lost 
by this ir^ans 8 gro9 37 gr^,; and, as it is evi*- 
dent that the weight lost by a body weighed in 
water is precisely equal to the weight of the 
water displaced, or to that of an eqi^ volume 
of water, we may conclude that, in equal mag^ 
nitudes, gold weighs 4893)4 ff^s. and water 2^ 
grs, which, reduced to unity, gives 1.0000 as 
the specific gravity of water and 10.8617 for 
that of gold. We may operate in the same man- 
ner with all solid substances. We have rarely 
any occasion, in chemistry^ to determine the 
specific gravity of solid bodies, unless when 
operating upon allo3rs or metallic glasses; but 
we have very frequent necessity to ascertain 
that of fiuids, as it is often the only means of 
judging of their purity or degree of concen- 
tration. 

This object may be very fully accomplished 
with the hydrostatic balance, by weighing a 
solid body; such, for example, as a little ball of 
rock crystal suspended by a very fine gold wire, 
first in the air, and afterwards in the fluid whose 
specific gravity we wish to discover. The weight 
lost by the crystal, when weighed in the liquor, 
is equal to that of an equal bulk of the liquid. 
By pleating this operation successively in wa- 
ter and different fluids, we can very readily as- 
certain, by a simple and easy calculation, the 
relative specific gravities of these fluids, either 
with respect to each other or to water. This 
method is not, however, sufficiently exact, or, 
at least, k rather troublesome, from its extreme 
delicacy, when used for liquids differing but 
little in specific gravity from water; such, for 
instance, as mineral waters, or any other water 
containing very small portions of salt in solu- 
tion* 

Insomeoperatidns of this nature, which have 
not hitherto been made public, 1 employed an 
ins^riHnent of great sensitivity for this purpose 
with great advantage. It consists of a hollow 
cylinder A b c/ (Plate vii. Fig, 6), of brass, or 
rather of* silver, loaded at its bottom, 6c/, 
mth tin, as represented swimming in a jug of 
water, fmno* To the upper part of the 
der is attached a stalk of silver wire, notmcwe 

, » Vide Mr. Brissoa^s Bfeeay upon Specific OravUv^ 
p* 5.— 


than three fourths' of ^ line diamet^, sur- 
mounted by alittle cup d, intended for oontainr 
ing wei^ts; Upon thd stalk a mark is made at 
g, the use of which we shall presently explain. 
This cylinder may be made of any size; but, to 
be accurate, ought at least to displace four 
pounds of water. The weight of tin with which 
this instrument is loaded ought to be such as 
will make it remain almost id equilibrium in 
distilled water and should not require more 
than Half a dram, or a dram at most, to make it 
sink to g. 

We must first determine, with great preci- 
sion, the exact weight of the instrument and 
the number of additional grains requisite for 
making it sink, in distilled water of a deter- 
minate temperature, to the mark. We then per- 
form the same experiment upon all the fiuids 
of which we wish to ascertain the specific grav- 
ity, and, by means of calculation, reduce the 
observed differences to a common standard of 
cubic feet, pints or pounds, or of decimal frac- 
tions, comparing them with water. Thismethod, 
joined to experiments with certain reagents, 
is one of the best for determining the quality of 
waters and is even capable of pointing out dif- 
ferences which escape the most accurate chem- 
ical analysis. I shall, at some future period, 
give an account of a Very extensive set of 
experiments which I have made ui)on this 
subject. 

These metallic hydrometers are only to be 
used for determining the specific gravities of 
such waters as contain only neutral salts or al- 
kaline substances; and they may be construct- 
ed with different degrees of ballast for alcohol 
and other spiritous liquors. When the specific 
gravities of acid liquors are to be ascertained, 
iVe must use a glass hydrometer (Plate vii. Fig. 
14 ). This consists of a hollow cylinder of ^ass, 
ahcff hermetically sealed at its lower end, and 
drawn out at the Upper into a capillary tube a, 
ending in the little cup or basin d. This instru- 
ment is ballasted with more or less mercury, at 
the bottom of the cylinder introduced throu^ 
the tube, in proportion to the weight of the 
liquor intend^ to be examined. We may intro- 
duce a small graduated sHp of paper into tbO 
tube ad; and, though these degrees do not 
actly correspond to the fractions of grains In 
the different liquors, they may be rendered 
very useful in calculation. 

What is said in this chapter may suffice, 
without further enlargement, for indicating the 
means of ascertaining the ab^lute and specific 
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gravities of solids and fluids, as the necessary 
instruments g^ierally known, and may easi- 
ly be procured. But, as instruments I have 
used for measuring the gases are not anywhere 
described, I shall give a more detailed account 
of these in the following chapter. 


CHAPTER II 

Of Gazometryf or the Measurement of the Weight 

and Volume of Aeriform Substances 

Section I Of the Ptieurnato-ehemieal Apparatus 

The French chemists have of late applied the 
name of pneumato^hemical apparatus to the 
very simple and ingenious contrivance, invent- 
ed by Dr. Priestley, which is now indispensably 
necessary to every laboratory. This consists of 
a wooden trough, of larger or smaller dimen- 
sions as is thought convenient, lined with plate- 
lead or tinned copper, as represented in per- 
spective, Plate V. In Fig, 1 the same trough or 
cistern is supposed to have two of its sides cut 
away, to show its interior construction more 
distinctly. In this apparatus, we distinguish be- 
tween the shelf ABCD {Figs, 1 and 2) and the 
bottom or body of the cistemFGHI (Fig,^),The 
jars or bell-glasses are filled with water in this 
deep part, and, being turned with their mouths 
downwards, are afterwards set upon the shelf 
ABCD, as shown (Plate x. Fig, F) The 
upper parts of the sides of the cistern above 
the level of the shelf are called the rim or 
borders. 

The cistern ought to be filled with water, so 
as to stand at least an incn and a half deep up- 
on the shelf, and it should be of such dimen- 
sions as to admit of at least one foot of water in 
every direction in the well. This size is suffici- 
ent for ordinary occasions; but it is often con- 
venient, and even necessary, to have more 
room. I would therefore advise such as intend 
to employ themselves usefully in chemical ex- 
perimmxts, to have this apparatus made of con- 
siderable magnitude, where their place of 
operating will allow. The well of my princi- 
pal cistern holds four cubic feet of water, 
and its shelf has a surface of fourteen square 
feet; yet, in spite of this size, which I at first 
thought immoderate, I am often straitened 
for room. 

In laboratories, where a considerable num- 
ber of experiments are performed, it is neces- 
sary to have several lesser cisterns, besides the 
large one, which may be called the general mag- 


aeine; and even some portable ones, which may 
be moved, when necessary, near a furnace or 
wherever they may be wanted. Thwe are like- 
wise some operations which dirty the water of 
the apparatus and therefore require to be car- 
ried on in cisterns by themselves. 

It were doubtless considerably cheaper to 
use cisterns, or iron-bound tubs, of wood sim- 
ply dove-tailed, instead of being lined with lead 
or copper; and in my first experiments I used 
them made in that way; but I soon discovered 
their inconvenience. If the water be not always 
kept at the same level, such of the dovetails 
as are left dry shrink, and when more water is 
added it«escapes through the joints, ^d runs 
out. 

We employ crystal jars or bell-glassite, (Plate 
V, Fig, 9t A) for containing the gases in this 
apparatus; and, for transporting thes^, when 
full of gas, from one cistern to another or for 
keeping them in reserve when the cistern is too 
full, we make use of a flat dish BC, surrounded 
by a standing up rim or border, with two han- 
dles DE for carrying it by. 

After several trials of different materials, I 
have found marble the best substance for con- 
structing the mercurial pneumato-chemical ap- 
paratus, as it is perfectly impenetrable by mer- 
cury, and is not liable, like wood, to separate at 
the junctures, or to allow the mercury to es- 
cape through chinks; neither does it run the 
risk of breaking, like glass, stone-ware, or por- 
celain. Take a block of marble BODE (Plate v. 
Figs, 3 and 4)t about two feet long, 15 or 18 
inches broad, and ten inches thick, and cause 
it to be hollowed out as at mn {Fig. 5) about 
four inches deep, as a reservoir for the mer- 
cury; and, to be able more conveniently to fill 
the jars, cut the gutter TV {Figs, 5, 4, and 5) at 
least four inches deeper; and, as this trench 
may sometimes prove troublesome, it is made 
capable of being covered at pleasure by thin 
boards, which slip into the grooves x y, {Fig, 
6), I have two marble cisterns upon this con- 
struction, of different sizes, by which I can al- 
ways employ one of them as a reservoir of mer^ 
cury, which it preserves with more safety than 
any other vessel, being neither subject to over- 
turn, nor to any other accident. We operate 
with mercury in this apparatus exactly as with 
water in the one before described; but the bell- 
glasses must be of smaller diameter and much 
stronger; or we may use glass tubes, having 
their mouths widened, as in Fig. 7; these are 
called eudiometers by the glass-men who sell 
them. One of the bell-gla^ is represented, 
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F^. Sf A 9 fitondiBg in its place, and wliat is 
called a jar is engraved Fig. 6. 

‘ The mercurial pneumato-chemicalapparalw 
is necessary in all experiments wherein the dis- 
engaged gases are capable of being absorbed by 
water, as is frequently the case, especially in 
all combinations, excepting those of metals, in 
fermentation, Ac. 

Sbction 11 0/ the Oaxcmekr 

1 give the name of gazometer to an' instru- 
ment which 1 invented and caused constructed, 
for the purpose of a kind of bellows which 
might furnish an uniform and continued stream 
of oxygen gas in experiments of fusion. M« 
Meusnier and 1 have since made very consid- 
erable corrections and additions, having con- 
verted it into what may be called an universal 
instrument^ without which it is hardly pos- 
sible to perform most of the very exact experi- 
ments: The name we have given the instru- 
ment indicates its intention for measuring the 
volume or quantity of gas submitted to it for 
examination. 

It consists of a strong iron beam, DE (Plate 
VIII, Fig. i), three feet long, having at each end, 
D and E, a segment of a circle, likewise strong- 
ly constructed of iron, and very firmly joined. 
Instead of bdng poised as in ordinary balances, 
this beam rests, by means of a cylindrical axis 
of polished steel F (Fig. d), upon two large 
moveable brass friction-wheels, by which the 
resistance to its motion from friction is consid- 
erably diminished, being converted into fric- 
tion of the second order. As an additional pre- 
caution, the parts of these wheels which sup- 
port the axis of the beam are covered with 
plates of polished rock-crystal. The whole of 
this machinery is fixed to the top of the solid 
column of wood BC (Fig. 1). To one extremity 
D of the beam, a scale P for holding weights is 
suspended by a flat chain, which applies to the 
curvature of the arc tiDo, in a groove made for 
the purpose. To the other extremity E of the 
beam is applied another flat chain, ikm, so 
constructed as to be incapable of lengthening 
or shortening, by being less or more char^ 
with weight; to this chain, an iron trivet, with 
three branches, at, ct, and hit is strongly fixed 
ate, and these branches support a large invert- 
ed jar A, of hammered copper, of about 18 
inches diam^r and 20 inches deep. The whole 
of t^ machine is represented in perspective, 
Plate vin. Fig. 1; and Plate ix, Figs. 2 and 4 
give pmpendicular sections, which show its in- 
terior structure. 
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Round the bottom of the jar, on its outside^ 
is fixed (Plate ix. Fig. 2) a border divided into 
compartments 1 , 2 , 3, 4, Ac., intended to re* 
ceive leaden weights separately represented 1 , 
2, 3, F^. S. These are intended for increasing 
the weight of the jar when a considerable pres* 
sure is requisite, as will be afterwards explained, 
though such necessity seldom occurs. The cy- 
lindrical jar A is entirely open below, de (Plate 
IX, Fig. 4); but is closi^ above with a cop^r 
lid, ahct open at 6 /, and capable of being shut 
by the cock g. This lid, as may be seen by in- 
specting the figures, is placed a few inches within 
the top of the jar to prevent the jar from being 
ever entirely immersed in the water and cov- 
ered over. Were I to have this instrument 
made over again, I should cause the lid to be 
considerably more flattened, so as to be almost 
level. This jar or reservoir of air is contained in 
the cylindrical copper vessel LMNO (Plate 
VIII, Fig. 1) filled with water. 

In the middle of the cylindrical vessel LMNO 
(Plate IX, Fig. 4) are placed two tubes si, icy, 
which are made to approach each other at their 
upper extremities ty; these are made of such a 
length as to rise a little above the upper edge 
LM of the vessel LMNO, and when the jar 
abede touches the bottom NO, their upper ends 
enter about half an inch into the conical hol- 
low h leading to the stop-cock g. 

The bottom of the vessel LMNO is repre- 
sented, Plate IX, Fig. 3, in the middle of which 
a small hollow semispherical cap is soldered, 
which may be considered as the broad end of a 
funnel reversed; the two tubes st, xy (Fig. 4) 
are adapted to this cap at s and x, and by this 
means communicate with the tubes mm, nn, 
00 , pp (Fig. S)t which are fixed horizontally up- 
on the bottom of the vessel, and ail of whidi 
terminate in, and are united by, the spherical 
cap sx. Three of these tubes are continued out 
of the vessel, as in Plate viii. Fig. 1. The first 
marked in that figure 1, 2, 3, is inserted at its 
extremity 3 by means of an intermediate stop- 
cock 4 to the jar V which stands upon the shelf 
of asmallpneuxnato-dhemicalapparatus GHIK, 
the inside of which is shown Plate ix. Fig. 1. 
The second tube is applied against the outride 
of the vessel LMNO from 6 to 7, is continued 
at 8 , 9, 10, and at 11 is engaged below the jar 
V. The former of these tubes is intended for 
conveying gas into the machine and the latter 
to conducting small quantities for trials under 
jara. The gas is made either to flow into or otrii 
of the machine, according to the degree of 
stue it receives; and this pressure is varM at 
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pleasiTOj by lo94iiigth^ scale P teas: Of 
means of urnghts. When gas is to be introduced 
into the mac^ne* tiie pressure is take off, 4 ^ 
mm ^dered ne^tivo^ but» when gas is to be 
eapelled, a pressure is^xnade with such degree 
of force as is found necessary. ^ 

The third tube 12, 13, 14^ 13, is intended for 
oonveying sir or gas to any necessary place or 
apparatus for combustions, combinations, or 
any other experiment in which it is required. 

To explain the \we of the fourth tube, I must 
enter into some discussions* Suppose the vessel 
IiMNO (Plate vin, Ftj, i) full of water, and 
the jar A partly filled with gas, and partly with 
water; it is evident that the weights in the ba-* 
sin P may be so adjusted as to occasion an ex- 
act equilibrium between the weight of the ba- 
sin and of the jar, so that the external air shall 
not tend to enter into the jar nor the gas to es- 
cape from it; and in this case the water will 
stand exactly at the same level both within 
and without the jar. On the contrary, if the 
wei^t in the basin P be diminished, the jar 
will then press downwards from its own grav- 
ity, and the water will stand lower within the 
jar than it does without; in this case, the in- 
cluded air or gas will suffer a degree of com- 
pression above that experienced by the extern- 
al air, exactly proportioned to the weight of a 
column of water, equal to the difference of tlie 
external and internal surfaces of the water. 
From these reflections, M. Meusnier contrived 
a method of determining the exact degree of 
pressure to which the gas contained in the jar 
is at any time exposed. For this purpose, he 
mploys a double glass siphon 19, 20, 21, 22, 
23> fiimly cemented at 19 and 23. The extrem- 
ity 19 of this sii^on communicates freely with 
the water in the external vessd of the machine, 
and tile extremity 23 communicates with the 
fourth tube at the bottom of the cylindrical 
veasti, and consequently, by means of the per- 
pfmdicular tube sr (Plate ix, Fig. 4 ) with the 
air contained in the jar. He likewise oemenits, 
at 16 (Plate viii, Fig* i), another glass tube 16^ 
17, 1^ whitii communicates at 16 with the wa-i 
ter in the exterior veasd UMNO, and, at its 
U|^r end 18, is open to the external air. 

By these several contrivances, it is evident 
the water^must stand in the tube 16, 17»> 
18, at the same level with that in the dstem 
UMNO; and, <ni the contrary, that, in the 
branch 19, 20, 21 , it murt stwd higher or lower 
fccoxding as the air ki tiiejar is subjected to a 
genatir or lesser pressmt tbe^extemal air.; 

these differences^ a brass scsle 4^ 


i^ded infeo inches raind lbies>)i fixed 
these two tubes. It js sea^y . conceived thatl as 
air, and eil ether elastio fluids misst increase in 
wei^ by compression; it knecessaiy to know 
their de^ee erf condensation to be enabled to 
(XLlcOlate their quantities and to conveii^the 
measure of their volumes into cm'respond^ 
weights; and this object is int^ded to berful- 
filled by the contrivance npw described. 

But, to determine the spedfic gravity of air 
or of . gases, and .to asoert^ their wei^ in a 
known^ volume, it is necessary to know thek 
temperature as well as the. degree of pressure 
under which they subsist; and this is aeooxiH 
pUshed hy^ means of a small theriyometear^ 
strongly cemented into a brass coll^ which 
screws into the lid of the jar This tibermoeah 
eter is represented separately, Plate vhx, Fig* 
lOf and in its place 24, 25, Fig* t and Pkte xx, 
Fig. 4. The bulb is in the inside of theW A, 
and its graduated stalk rises on the outme of 
the lid. 

The practice of gazometry would still have 
laboured under great difficulties without fui^ 
ther precautions than those above described. 
When the jar A sinks in the water of the cistern 
LMNO, it must lose a weight equal to that of 
the Water which it displaces; and consequently 
the compression which it makes upon the coni* 
tained air or gas must be proportionally dimin- 
ished. Hence fthe gas furnished, during experi- 
ments from the machine, will not have the same 
density towards the end that it had at the be- 
ginning,: as its specific gravity is continually 
diminishing. This difference may, it is true, be 
detennined by calculation; but this would have 
occasioned such mathematical investigations 
as must have rendered the use of this appara- 
tus both troublesome and difficult. M« Mens* 
nier has remedied this, inconvenience by: the 
following contrivance. A square rod of irc^ 26^ 
27 (Plate vm. Fig. l)v is raised perpendieular 
to the middle of the beam DH. This rod passes 
through a hollow box of hrass 28, which 
and wy be filled with lead; and this box is 
ms^ to slide slon^t the rod by means of a 
toothed pinion playing in a ra(^,.Bo as to raise 
or lower the box and to fix it at suob^plaiceii as 
fe judged projw, i . 

When the; iever$€ar beam DE stands horisenr 
tel, thie box psyitatea to neitbto 
when the f jar A sinks into tte eistom U^{%» 
so aa^tonpAke the* beam mcliile tOithat it 

ie ai vrhjiiA't]wo.i)0MM 

bey(wid'.^e eMiter 

tate to the dde of the simI i^pnmt'.Us 





indfuded air^ Tfaianriiiereaaed 
in proportion ao tbe box ^is raised towards* 27^ 
becsnse theoame wdgbt exoHna greater power 
in proportion to the length of the lever b^r 
wh&ditSit flcte. Hence, by moving the box 28 
aleii#it the rod 26^ 27, we can augment or 
minidi the correction it is intended to xOake 
upbn the pressure of the jar; and both: expo- 
lienee and calculation show that, this may be 
made to compensate very exactly for the loss 
of in the jar at all degrees of pressure. 

I have not hitherto explained the most im- 
portant part of the use of this machine, which 
is the manner of employing it for ascertaining 
the quantities of the air or gas furnished during 
experiments. To determine this with the most 
rigorous precision, and likewise the quantity 
supplied to the machine from experiments, we 
fixed to the arc which terminates the arm of 
the beam E (Plate viii, Fig. f ), the brasssector 
I fn, divided into degrees and half degrees, which 
consequently moves in common with the beam ; 
and the lowering of this end of the beam is 
measured by the fixed index 29, 30, which has 
a nonius giving hundredth parts of a degree at 
its extremity 30. 

The whole particulars of the different parts 
of the above described machine are represented 
in Plate vxii as follow: 

Fig. t is the flat chain invented by M. Vau- 
canson and employed for suspending the scale 
or basin P, Fig, 1; but, as this lengthens or 
shortens according as it is more or less loaded, 
it would not have answered for suspending the 
}BxA,Fig.l, 

Fig. 6 is the chain ikfn^ which in Fig, 1 sus- 
tains the jar A. This is entirely formed of plates 
of ik)lish^ iron interlaced into each oth^ £Uid 
held together by iron pins. This chain does not 
lengthen in any sensible degree, by any weight 
it is eapaUe of supporting. 

. Fig, 6, The trivet, or thm branched stirrup, 
by which the jar A is hung to the balance, with 
th» screw by which it is fixed in an accurately 
veriiioal position. 

Figi The iron rod 26, 27, which is fixed 
perpendicular to the center of the beam, with 
it 8 box 28 .i * . r 

I FigM. 7 & 3. The friction-wheels, with the 
plates of rock-crystal Z as points of contact by 
whidt the fribtibn of the axisdf the lever of the 
bskneeiskvoided. 

^ fhe pteee of metal which supports 
tlie akiaof the frictionvwheels. ' ^ 

The middle of the lever or beam; with 

thC^asdesipit^ wMchitinoveB^ ^ 
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Fig. fO^iThe thermometer for deteitni^^ 
the tempmature of ^e air or gas contained in 
thejar4 

When this gasometer is to be used, the cis* 
tern or ^eternal vessel LMNO (Plate vni, Fig. 
i ) is to be filled with water to a determinate 
height, which should be the same in all experi>^ 
meats. The level of the wat^ should be t^en 
when the beam of the balance stands horizon- 
tal; this level, when the jar is at the bottom of 
the dstem, is increased by all the water which 
it displaces and is diminished in proportion as 
the jar rises to its highest elevation. We next 
endeavour, by repeated trials, to discover at 
what elevation the box 28 must be fixed to ren- 
der the pressure equal in all situations of the 
beam. 1 should have said nearly, because this 
correction is not absolutely rigorous; and dif- 
ferences of a quarter, or even of half a line, are 
not of any consequence. This height of the box 
28 is not the same for every degree of pressure, 
but varies according as this is of one, two, three, 
or more inches. All these should be registered 
with great order and precision. 

We next take a bottle which holds eight or 
ten pints, the capacity of which is very accu- 
rately determined by weighing the water it is 
capable of containing. This bottle is turned 
bottom upwards, full of water, in the cistern of 
the pneumato-chemical apparatus GHIK {Fig. 
i), and is set on its mouth upon the shelf of the 
apparatus, instead of the glass jar V, having 
the extrwnity 11 of the tube 7, 8, 9, 10, 11, in- 
serted into its mouth. The machine is fixed at 
zero of pressure, and the degree marked by the 
index 30 upon the sector ml is accurately ob- 
served; then, by opening the stop-cock 8, and 
pressing a little upon the jar A, as much air is 
forced into the bottle as fills it entirely. The de- 
gree marked by the index upon the sector is 
now observed, and we calculate what number 
of cubic inches correspond to each degree. We 
then fill a second and third bottle, and so on, 
in the same manner, with the same precautions, 
and even repeat the operation several times 
with bottles of different sizes, till at last, hy 
accurate attention, we ascertain the exact 
or capacity of the jar A, in all its parts; it 
is better to have it formed at first accuratMy 
cylindrical, by which we avoid these calcina- 
tions and estimates. 

The in8ti*ument I have been desiuib^g was 
constructed with great accuracy and tinoom- 
men ddll by M« Meigitie, Jr^, ^igkeer and 
ph^caldustrinnent-maker. It is a -most valu- 
abieinstrument, from the great mm 
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poses to which it is applicable; and, indeed, 
there are many experiments which are almost 
impossible to perform without it. It becomes 
expensive, because, in many experiments) such 
as the formation of water and of nitric acid, it 
is absolutely necessary to employ two of the 
same machines. In the present advanced state 
of chemistry, very expensive and complicated 
instruments are become indispensably neces- 
sary for ascertaining the analysis and synthesis 
of bodies with the requisite precision as to quan- 
tity and proportion; it is certainly proper to 
endeavour to simplify these and to render them 
less costly; but this ought by no means to be 
attempted at the expense of their convenience 
of application, and much less of their accuracy. 

Section III Sorm Other Methods of Measuring 

the Volume of Oases 

The gasometer described in the foregoing 
section is too costly and too complicated for 
being generally used in laboratories for meas- 
uring the gases and is not even applicable to 
every circumstance of this kind. In numerous 
series of experiments, more simple and more 
readily applicable methods must be employed. 
For this purpose I shall describe the means I 
used before I was in possession of a gasometer 
and which I still use in preference to it in the 
ordinary course of my experiments. 

Suppose that, after an experiment, there is a 
residuum of gas, neither absorbable by alkali 
nor water, contained in the upper part of the 
jar AEF (Plate iv. Fig. 3) standing on the shelf 
of a pneumato-chemical apparatus, of which 
we wish to ascertain the quantity. We must 
first mark the height to which the mercury or 
water rises in the jar with great exactness, by 
means of slips of paper pasted in several parts 
round the jar. If we have been operating in 
mercury, we begin by displacing the mercury 
from the jar by introducing water in its stead. 
This is readily done by filling a bottle quite full 
of water; having stopped it with your finger, 
turn it up, and introduce its mouth below the 
edge of ^e jar; then, turning down its body 
again, the mercuiy, by its gravity, falls, into 
the bottle, and the water rises in the jar, and 
takes the place occupied by the mercury. When 
tbk is accomplished, pour so much water into 
the cistern ABCD as will stand about an inch 
over the surface of the mercury; then pass the 
dish BC (Plate v, Fig. 9) und^ tiie jar, and 
carry it to the water ^tem (Pigs. 1 and 3). We 
hm Change the gas into another jar, which 
hi# heedt graduated in the manner 


to be afterwards described; and we thus judge 
of the quantity or volume of the gas by means 
of the degrees which it occupies in the gradu- 
ated jar. 

There is another method of determining, the 
volume of gas, which may either be substituted 
in place of the one above described or may be 
usefully employed as a correction or proof of 
that method. After the air or gas is exchanged 
from the first jar, marked with slips of paper, 
into the graduate jar, turn up the mouth of 
the marked jar and fill it with water exactly to 
the marks EF (Plate iv. Fig. 3), and by weigh- 
ing the water we determine the volume of the 
air or gasot contained, allowing one cubic foot, 
or 1 728 cubic inches, of water for each70 pounds, 
French weight. \ 

The manner of graduating jars fon this pur- 
pose is very easy, and we ought to be provided 
with several of different sizes, and even several 
of each size in case of accidents. Take a tall, 
narrow, and strong glass jar, and, having filled 
it with water in the cistern (Plate v. Fig. f ), 
place it upon the shelf ABCD; we ought always 
to use the same place for this operation, that 
the level of the shelf may be always exactly 
similar, by which almost the only error to which 
this process is liable will be avoided. Then take 
a narrow mouthed phial which holds exactly 6 
oz. 3 gros 61 grs. of water, which corresponds to 
10 cubic inches. If you have not one exactly of 
this dimension, choose one a little larger, and 
diminish its capacity to the size requisite by 
dropping in a little melted wax and rosin. This 
bottle serves the purpose of a standard for 
gauging the jars. Make the air contained in 
this bottle pass into the jar and mark exactly 
the place to which the water has descended; 
add another measure of air and again mark the 
place of the water, and so on, till all the water 
be displaced. It is of great consequence that, 
during the course of this operation, the bottle 
and jar be kept at the same temperature with 
the water in the cistern; and, for this reason, 
we must avoid keeping the hands upon either 
as much as possible; or, if we suspect they have 
been heated, we must cool them by means of 
the water in the cistern. The hei^t of the ba- 
rometer and thermmneter during this experi- 
ment is of no consequence. 

When the marks have been thus ascertained 
upon the jar for every ten cubic inches, we en- 
grave a scale upon one of its sides by means of 
a diamond pencil. Glass tubes are graduated 
in the same manner for use in the mercurial ap- 
paratus, only they most be divided into cubAc 
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iiiK^ies, and tenths of a cubic inch. The bottle 
used for f^uging these must hold 8 os. 6 groB 25 
gtB. of mercury, which exactly corresponds to 
a cubic inch of that metal. 

The method of determining the volume of 
air or gas by means of a graduated jar has the 
advantage of not r^uiring any correction for 
the difference of height between the surface of 
the water within the jar and in the cistern; but 
it requires corrections with respect to the height 
of the barometer and thermometer. But, when 
we ascertain the volume of air by weighing the 
water which the jar is capable of containing, 
up to the marks EF, it is necessary to make a 
further correction for the difference between 
the surface of the water in the cistern and the 
height to which it rises within the jar. This will 
be explained in the fifth section, of this chapter. 

Section IV Of the MeOiod of Separating Uve 

DiffererU Gases from Each Other 

As experiments often produce two, three, or 
more species of gas, it is necessary to be able to 
separate these from each other that we may as- 
certain the quantity and species of each. Sup- 
pose that under the jar A (Plate iv, Fig. 5), is 
contained a quantity of different gases mixed 
together and standing over mercury; we begin 
by marking with slips of paper, as before direct- 
ed, the height at which the mercury stands 
within the glass; then introduce about a cubic 
inch of water into the jar, which will swim over 
the surface of the mercury. If the mixture of 
gas Contains any muriatic or sulphurous acid 
gas, a rapid and considerable absorption will 
instantly take place, from the strong tendency 
these two gases have, especially the former, to 
combine with or be absorbed by water. If the 
water only produces a slight absorption of gas 
hardly equal to its own bulk, we conclude that 
the mixture neither contains muriatic acid, sul- 
phuric acid, or ammoniacal gas, but that it 
contains carbonic acid gas, of which water only 
absorbs about its own bulk. To ascertain this 
conjecture, introduce some solution of caustic 
alkali, and the carbonic acid gas will be grad- 
ually absorbed in the course of a few hours; it 
combines with the caustic alkali or potash, and 
the remaining gas is left almost perfectly free 
from any sensible residuum of carbonic acid gas. 

After each experiment of this kind, we must 
carefully mark the height at which the mercury 
stands within the jar by slips of paper pasted 
on and varnished over when dry, that they 
may i^t ba washed off when plac^ in the wa- 
ter apparatus. It is likewise necessary to regis- 


ter the difference between the surface of the 
mercury in the cistern and that in the jar, and 
the height of the barometer and thermometer, 
at the end of each experiment. 

When all the gas or gases absorbable by wa- 
ter and potash are absorbed, water is admitted 
into the jar to displace the mercury; and, as is 
described in the preceding section, the mw'cury 
in the cistern is to be covered by one or two 
inches of water. After this, the jar is to be trans- 
ported by means of the flat dish BC (Plate v, 
Fig. 9) into the water apparatus; and the quan- 
tity of gas remaining is to be ascertain^ by 
changing it into a graduated jar. After this, 
small trials of it are to be made by experiments 
in little jars, to ascertain nearly the nature of 
the gas in question. For instance, into a small 
jar full of the gas (Plate v. Fig. 8) a lighted ta- 
per is introduced ; if the taper is not immediately 
extinguished, we conclude the gas to contain 
oxygen gas; and, in proportion to* the bright- 
ness of the flame, we may judge if it contain 
less or more oxygen gas than atmospheric air 
contains. If, on the contrary, the taper be in- 
stantly extinguished, we have strong reason to 
presume that the residuum is chiefly composed 
of azotic gas. If, upon the approach of the ta- 
per, the gas takes fire and burns quietly at the 
surface with a white flame, we conclude it to be 
pure hydrogen gas; if this flame is blue, we 
judge it consists of carbonated hydrogen gas; 
and, if it takes fire wdth a sudden deflagration, 
that it is a mixture of oxygen and hydrogen 
gas. Ify again, upon mixing a portion of the re- 
siduum with oxygen gas, red fumes are pro- 
duced, we conclude that it contains nitrous gas. 

These preliminary trials give some general 
knowledge of the properties of the gas and nar 
ture of the mixture, but are not sufficient to de- 
termine the proportions and quantities of the 
several gases of which it is composed. For this 
purpose all the methods of analysis must be 
employed ; and, to direct these properly, it is of 
great use to have a previous approximation by 
the above methods. Suppose, for instance, we 
know that the residuum consists of oxygen ami 
azotic gas mixed together; put a determinate 
quantity, 100 parts, into a graduated tube of 
ten or twelve lines diameter, introduce a solu- 
tion of sulphuret of potash in contact with the^ 
gas, and leave them together for some da^; 
the sulphuret absorbs the whole oxygen 
and leaves the azotic gas pure. 

If it is known to contain hydrogen gas, a de- 
terminate quantity is introduced into Volta’s 
eudiometer alongst with a known proportion of 
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hydrogen gas; these ere deflagrated tog^lier 
by means of the diectrical spark; fresh portions 
of oxygen gas are successively added till no fur-i 
ther deflagration takes place and till the gieat^ 
est possible diminution is produced. By this 
process water is formed, which is Immediately 
absorbed by the water of the apparatus ; but, if 
the hydrogen gas contain charcoal, carbonic 
add is formed at the same time, which is not 
absorbed so quickly; the quantity of this is 
readily ascertained by assisting its absorption, 
by means of agitation. If the residuum con* 
tains nitrous gas, by adding oxygen gas, with 
which it combines into nitric acid, we can very 
nearly ascertain its quantity from the diminu- 
tion produced by this mixture. 

I confine myself to these general examples, 
which are sufficient to give an idea of this kind 
of operation; a whole volume Would not serve 
to ex|^in every possible case. It is necessary 
to become familiar with the analysis of gases 
by long experience; we must even acknowledge 
t^t they mostly possess such powerful affini- 
ties to each other that we are not always cer- 
tain of having separated them completely. In 
these cases, we must vary our experiments in 
every possible point of view, add new agents to 
the combination, and keep out others, and con- 
tinue our trials till we are certain of the truth 
and exactitude of our conclusions. 

Section V Of the Necessary Corrections of the, 
Volmne of Gases, According to the Pressure qf 
the Atmosphere 

All elastic fluids are compresdble or conden- 
sable in proportion to the weight with whidb 
they are loaded. Perhaps this law, which is 
ascertained by general experience, may suffer 
some irregularity when these fluids are under 
a degree of condensation almost sufficient to 
leduce them to the liquid state, or when either 
m a state ckf extreme rarefaction or condensar^ 
tioB;; but we seldom approach either of these 
Imite with most of Ibe gases which we submit 
to our experiments. I understand this proposl- 
of gases bring compressible, in proportion 
to thrir superincumbent weight as follows: 

: A barometeri which is an instrument gener- 
ally known; is, properly speaking, a species of 
ABCD (Plate xii^ Fiy. 16), whose >1^. 
.is filled with tmmuj, wblbt ttelegCD is 
9^, If we suppose the branch CDmdef^ 
initely continued tffi it equals theheigbt of our 
ate»<Mi»here^ we can reiu^ conceive that the 
hiMmeter is« m reality, a sort of. balance, in 
^rii ttcolium i^ds in equilibn-; 


uin wSth a oolomn of ab of the same wri^^ 
But it is unnecessary to prolongsite thebru^ 
CD to such a hri^t, as it is evident that the 
barometer, being immersed in air, the oriumn 
of mercury AB wifl be equally in equilibrium 
with a column of air of the same diameter, 
though the leg CD be cutoff at C, and the part 
CD be taken away altogether. 

The medium height of mercury in equilibria 
urn with the weight bf a column of air, from 
the highest part of the atmosphere to the sur^ 
face of the earth, is about twenty-eight French 
inches in the lower parts of the city of Paris; 
or, in oth^.words, the air at the surface of the 
earth at Paris is usually pressed Uj^n by a 
weight equal to that of a column of^nercury 
twenty-eight inches in height. I must iJb under** 
stood in this way in the several pertk of this 
publication when talking of the differen^b gases, 
as, for instance, wheh the cubic foot of feitygen 
gas is said to weigh 1 or. 4 gros, under 28 inches 
pressure. The height of this column of mercury, 
supported by the pressure of the air, diminish- 
es in proportion as we are rievated above the 
surface of the earth, or rather above the level 
of the sea, because the mercury can cmly form 
an equilibrium with the column of air which is 
above it and is not in the smallest degri^ af- 
fected by the air which is below its level. 

In what ratio does the mercury in the barom- 
eter descend in proportion to its elevation; or; 
which is the same thing, according to what law 
or ratio do the several strata of the atmosphere 
decrease in density? This question, which has 
exercised ite ingenuity of natural philosophers 
diuing the last century, is considerably eiudh 
dated by the' following experiment. 

If we take the glass siphon ABODE (Plate 
XIX, Fig. 17), shut at E and open at A, and in- 
troduce a few drops of mercury, so as to inter* 
o^t the communication of air tetween the leg 
AB and the leg BE, it is evident that the ak 
contained in BODE is pressed upon, in eom- 
moB with the whole surrounding air, by u 
weight or column of air equal to 28 inches of 
mercery. But, if we pour ^ inches of mriCury 
into tile leg AB, it is plain the air in the braiid^ 
BODE will now be pressed upon by a wrigb^t 
equal to twice 28 iskches of mercury, or twke 
the wei^ of the atmosphere; and experience 
shows thatv in this ease, the incluckd air; in- 
stead of ifilhng the tube from B tb Ej only oo*« 
cupies frcHH C to Ev or exactly one half cS the 
sp^e it filled before. If io this first eoluxBm of 
mercury we arid two portions of 28 inGhes 

earii, inftfae bnmh AB, the air in tfae branch 
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B(S!9Dfi be by th^ 

of the ^tmoeiiherei c^ four tittiee the 
weight of 28foehes'df mereu^/a^d'ftwitithexi 
only fill the 6pe.o6 ftpHi D to E, or esteso^ ohe 
quarter of the epadd it ' Occupied ’at the com- 
metieement of the ^tperhnent; From these 
periments, which iuay ' be infinitely' varied/ has 
been deduced as a general law of nature, Which 
seems applicable to all permanently ebts tic fiu^ 
ids, that they diminish in volume in pro^iortion 
to the Weights with which they are prised u^ 
005 or, in other words: *Hhe volume all etcM: 
fluids is in the inverse ratio of the weigfU by which 
they ora compressed” 

Ihe mtperiments which have, bjeen made for 
measuring the heights of mountains by means 
of the barometer confirm the truth of these de- 
ductions; and, even supposing, them in some 
degree inaccurate, these differences are so ex- 
tremely small that they may be reckoned as 
nullities in chemical experiments. When this 
law of the compression of elastic fluids is once 
well understood, it becomes easily applicable 
to the corrections necessary in pneumato- 
dhemical experiments Upon the volume of gas 
in relation to its pressure. These correctiuns 
are of two kinds, the one relative to the vari* 
atibns of the barometer and the other for the 


wel|^ of thid gas oeoujpying 100 cubic indttes, 
uhder29.5 inches of barometrical pressure; for^ 
as it eorieis(ponds to 101.786 cubic inches at the 
pressure of 28, and as; at this pressure, and at 
10® (64*6®> of temperature, each cubic inch of 
oxygen gas weighs half a grain, it follows that 
100 cubic inches, under 28.5 barometrical pres- 
sure, must Weigh 50.893 grains. This conclu- 
sion might have been formed more directly, as, 
since the volume of elastic fluids is in the in- 
verse ratio of their compression, their weights 
must be in the dii^t ratio of the same com- 
pression: hence, since 100 cubic inches weigh 
50 grains under the pressure of 28 inches, we 
have the following statement to determine the 
weight of 100 cubic inches of the same gas at 
28.5 barometrical pressure; 28:50::28.5:x, the 
unknown quantity, =50.893. 

The following case is more complicated. Sup- 
pose the jar A (Plate xii, Fig, 160 to' contain a 
quantity of gas in its upper part ACD, the rest 
of the jar below CD being full of mercury, and 
the whole standing in the mercurial basin or 
reservoir GHIK, filled with mercury up to EF, 
and that the difference between the surface CD 
of the mercury in the jar, and EF, that in the 
cistern, is six inches, while the barometer stands 
at 27.5 inches. It is evident from these data 


column of water or mercury contained in the 
jars. I shall endeavour to explain these by 
examples, be^nning with the most Simple 
case. 

Suppose that 100 cubic inches of oxygen gas 
are obtained at 10® (54.5®) of the thermometer, 
and at 28 inches 6 lines of the barometer, it is 
required to know what vplume the 100 cubic 
inches of gas would occupy, under the pressure 
of 28 inches,^ and what is the exact weight of 
the 100 inches of oxygen gas? Let the unknown 
volatile, or the number of inches this gas would 
occupy at 28 inches Of the barometer, be ex- 
press<^ by x; and, since the Volumes are in the 
iiiv^se ratio of their superincumbent weights^ 
we haW the following statement: 100 cubic' 
inches is te x inversely as ‘2815 inches of pree* 
sure is te 28.0 inches; or directly 28:28.5::l00: 
««101.786^Ubic inches, at 28 inches bare-; 
mtCtriCal pressure; that fe to say, the f«me gas 
or aix'iVhich at 28.5 inches 6f the bat^eter oc- 


that the air contained in ACD is pressed upon 
by the weight of the atmosphere, diminished 
by the weight of the column of mercury CE, or 
by 27.5 --6 =21. 6 inches of barometrical pres- 
sure. This air is therefore less compressed than 
the atmosphere at the mean height of the W 
rometer, and consequently occupies more apace 
than it would occupy at the mean pressure, 
the difference being exactly proportional to the 
difference between the compressing weights; 
If; then, upon measuring the space ACD, it isi 
found to be 120 cubic indies, it must be re- 
duced to the volume which it would occupy 
under the mean pressure of 28 inches. This is 
done by the following statement: 120 :x, the 
unknown volume, : :21 .5 :28 inversely ; this gives 

120X21;5 . I 

X = — =92.143 cubic inches. 

In these palculations we may either redu^ 
the height of the Uiercury in the barometer; 
and the differdice of level in the jar and basin. 


cupies 100 cubic inches of volume; wiH occupy 
11)1.786 cubic inchte when the b^meter is at 
28 It is .equally eksy to calculate the 

^ to the pfopca^oC of 114 to 107,^v^ 
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into Unes or dedmal frfttitions of thfr inch jIrM 
1 prefer the lattet^ sa it is more readily 
ed. As, in these operations, which fr^tihnily' 
leiiut, it is of great iii^ to have means li^aBhite-^ 
viatieii^ I have e taMe in tiie sppenifiS; 
for reducing lines andlraotio»80fJiDe8.into^o> 
imal fractions of the imh. ' - 
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In experiments performed in the water-ap- 
paratus, we must make similar corrections to 
procure rigorously exact results, by taking into 
account, and making allowances for the differ- 
ence of height of the water within the jar above 
the surface of the water in the cistern. But, as 
the pressure of the atmosphere is expressed in 
inches and lines of the mercurial barometer, 
and as homogeneous quantities only can be 
calculated together, we must reduce the ob- 
served inches and lines of water into corre- 
spondent heights of the mercury. I have given 
a table in the appendix for this conversion, 
upon the supposition that mercury is 13.5681 
times heavier than water 

Section VI Of the Correction Relative to the 

Degrees of the Thermometer 

In ascertaining the weight of gases, besides 
reducing them to a mean of barometrical pres- 
sure, as directed in the preceding section, we 
must likewise reduce them to a standard thcr- 
mometrical temperature; because, all elastic 
fluids being expanded by beat and condensed 
by cold, their weight in any determinate vol- 
ume is thereby liable to considerable altera- 
tions. As the temperature of 10® (54.5®) is a 
medium between the heat of summer and the 
cold of winter, being the temperature of sub- 
terraneous places and that which is most easily 
approached to at all seasons, I have chosen that 
degree as a mean to which 1 reduce air or g^a 
in this species of calculation. 

M. de Luc found that atmospheric air was 
increased part of its bulk, by each degree of 
a mercurial thermometer, divided into 81 de- 
grees, between the freezing and boiling points; 
thisgives yin part for each degree of Reaumur's 
thermometer, which is divided into 80 degrees 
between these two points. The experiments of 
M,. Monge seem to make this dilatation less 
for hydrogen gas, which he thinks is only di- 
lated yiso* We have not any exact experiments 
hitherto published respecting the ratio of dila- 
tation of the other gases; but, from the trials 
which have been made, their dilatation seems 
to differ little from that of atmospheric air. 
Hence I niay take for granted, till further ex- 
periments give us better information upon this 
subject, that atmos|dierical air is dilated yiio 
part, and hydrogen gas H«»o part for each de- 
gree of the thermometer;, but, as there is still 
gimt uncertainty upon this point, we ought 
alwgys^to operate in a temperature as near as 

t appendix is omitted in t3ds edition.— 
Enneoa. 


possible to the standard of 10® (54.6®); by this 
means any errors in correcting the wei^t or 
volume of gases by reducing them to the com- 
mon standard, will become of little momenta 
The calculation for this correction is ex^ 
tremely easy. Divide the observed volume 
of air by 210 and multiply the quotient by 
the degrees of temperature above or below 
10® (54.5®). This correction is negative when 
the actual temperature is above the standard 
and positive when below. By the use of 
logarithmical tables this calculation is much 
facilitated. 

Section* VII Example for Cakidatinb the Cor- 
rections Relative to the Variations of Pressure 
and Temperature - 


CASE 

1 

In the jar A (Plate iv. Fig. S), standing in a 
water-apparatus, is contained 3^ cubic inches 
of air; the surface of the water within the jar 
at EF is 4J-^ inches above the water in the cis- 
tern, the barometer is at 27 inches lines, 
and the thermometer at 15® (65.75®). Having 
burnt a quantity of phosphorus in the air, by 
which concrete phosphoric acid is produced, 
the air after the combustion occupies 295 cubic 
inches, the water within the jar stands 7 inches 
alK)ve that in the cistern, the barometer is at 
27 inches 9^ lines, and the thermometer at 16® 
(68®). It is requir^ from these data to deter- 
mine the actual volume of air before and after 
combustion and the quantity absorbed during 
the process. 


Calculation before Combustion 


The air in the jar before combustion was 353 
cubic inches, but it was only under a barometri- 
cal pressure of 27 inches 9^ lines, which, reduc- 
ed to decimal fractions, gives 27.79167 inches; 
and from this we must deduct the difference of 
4^ inches of water, which corresponds to 
0.33166 inches of the barometer; hence the real 
pressure of the air in the jar is 27.46001. As the 
vdume of elastic fluids diminish in the inverse 
ratio of the compressing weights, we have the 
following statement (o reduce the 353 inches 
to the volume the air would occupy at 28 ipches 
barometrical pressure. 

353 :a;, the unknown volume, ::27.46001 :28. 
nnnrrx 353 x27.46001 

ii6nce,x« ■ 


* ■ 346.192 cuWc inch- 


es, which is the volume the same quantity of 
air wpuld have occupied at 28 inchesof the ba- 
rometer. 
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Hie 21Dth part of this oorrected volume is 
1.65» which, for the five degrees of temperature 
above the standard g^ves 8.255 cubic inches; 
and, as this correction is subtractive, the real 
corrected volume of the air before combustion 
is 337.942 inches. 

Cakulation after Combustion 

By a similar calculation upon the volume of 
air after combustion, we find its barometrical 
pressure 27.77083 -0.51593 - 27.25490. Hence, 
to have the volume of air under the pressure of 
28 inches, 295: a?::27.77083:28 inversely; or, x 

, ^^5X^.25490 ^ 287.150. The 210th part of 

this corrected volume is 1.368, which, mul- 
tiplied by 6 degrees of thermometrical dif- 
ference, gives the subtractive correction for 
temperature 8.208, leaving the actual cor- 
rected volume of air after combustion 278.942 
inches. 

Result 

The corrected volume before combustion 337.942 
Ditto remaining after combustion 278.042 

Volume absorbed during combustion 59.000. 

Section VIII Method of Determining the Ahso~ 

tide Gravity of the Different Gases 

Take a large balloon A (Plate v, Fig. 10) 
capable of holding 17 or 18 pints, or about half 
a cubic foot, having the brass cap beds strongly 
cemented to its neck and to which the tube and 
stop-cock/^ is fixed by a tight screw. This ap- 
paratus is connected by the double screw, rep- 
resented separately at Fig. 12 io the jar BCD, 
Fig, 10, which must be some pints larger in di- 
mensions than the balloon. This jar is open at 
top and is furnished with the brass cap hi and 
stop-cock Im, One of these stop-cocks is repre- 
sented separately at Fig. 11, 

We first determine the exact capacity of the 
balloon by filling it with water and weighing it 
both full and empty. When emptied of water, 
it is dried with a cloth introduced through its 
neck de, and the last remains of moisture are 
removed by exhausting it once or twice in an 
(dr-pump. 

When the weight of any gas is to be ascer- 
tained, this apparatus is used as follows: fix 
the balloon A to the plate of an air-pump by 
means of the screw of the stop-cock fg, which 
is left open; the balloon is to be exhausted as 
completely as possible, observing carefully the 
degree of exhaustion by means of the barom- 
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eter attached to the air-pump. When the vacu- 
um is formed, the stop-cock/g is shut and the 
weight of the balloon determined with the most 
scrupulous exactitude. It is then fixed to the 
jar BCD, which we suppose placed in water in 
the shelf of the pneumato-chemical apparatus 
{Fig. /) ; the jar is to be filled with the gas we 
mean to weigh, and then, by opening the stop- 
cocks fg and Im, the gas ascends into the balr 
loon, whilst the water of the cistern rises at the 
same time into the jar. To avoid very trouble- 
some corrections, it is necessary, during this 
first part of the operation, to sink the jar in the 
cistern till the surfaces of the water within the 
jar and without exactly correspond. The stop- 
cocks are again shut, and the balloon being un- 
screwed from its connection with the jar, is to 
be carefully weighed; the difference between 
this weight and that of the exhausted balloon 
is the precise weight of the air or gas contained 
in the balloon. Multiply this weight by 1728, 
the number of cubic inches in a cubic foot, and 
divide the product by the number of cubic 
inches contained in the balloon; the quotient is 
the weight of a cubic foot of the gas or air sub- 
mitted to experiment. 

Exact account must be kept of the baromet- 
rical height and temperature of the thermom- 
eter during the above experiment; and from 
these the resulting weight of a cubic foot is 
easily corrected to the standard of 28 inches 
and 10^, as directed in the preceding section. 
The small portion of air remaining in the bal- 
loon after forming the vacuum must likewise 
be attended to, which is easily determined by 
the barometer attached to the air-pump. If 
that barometer, for instance, remains at the 
hundredth part of the height it stood at before 
the vacuum was formed, we conclude that one 
hundredth part of the air originally contained 
remained in the balloon and consequently that 
only ^Yioo of gas was introduced from the jar 
into the balloon. 


CHAPTER III 

Description of the Calorimeter, or ApparcAusfor 
Measuring Caloric 

The calorimeter, or apparatus for measuring 
the relative quantities of heat contained in 
bodies, was described by M. de liaplace and 
me in the Recueil de VAcadimie for 1780, p. 
355, and from that essay the materials of this 
chapter are extracted. 

If, after having cooled any body to the frees- 
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iiig pointi it be exposed in an aimbephere 
2# (88.2^, the will gradually beocone 
from the surface inwards, till at liatst it 
acquires the saine temperature with the sur- 
rounding ak. But, if a piece of ice be placed in 
the same situation, the circumstances are quite 
different; it does not approach in the smallest 
degree towards the temperatureof the circum- 
ambient air but remains constantly at sero 
(32^), or the temperature of melting ice, till 
^e last portion of ice be completely melted. 

This phenomenon is readily explained, as, to 
melt ice, or reduce it to water, it requires to be 
combing with a certain portion of caloric; the 
whole caloric attracted from the surrounding 
bodies, is arrested or fixed at the surface or ex- 
ternal layer of ice which it is employed to dis- 
solve, and combines with it to form water; the 
next quantity of caloric combines with the sec- 
ond layer to dissolve it into water, and so on 
successively till the whole ice be dissolved or 
converted into water by combination with ca- 
k>nc, the very last atom still remaining at its 
former temperature, because the caloric has 
never penetrated so far as long as any inter- 
mediate ice remained to melt. 

Upon these principles, if we conceive a hol- 
lowsphereoficeat the temperatureof zero (32®) 
placed in an atmosphere 10® (54.5®), and con- 
taining a substance at any degree of tempera- 
ture above freezing, it follows, 1st, that the 
heat of the external atmosphere cannot pene- 
trate into the internal hollow of the sphere of 
ice; 2iid, that the heat of the body placed in 
the hollow of the sphere cannot penetrate out- 
wards beyond it, but will be stopped at the in- 
ternal surface and continually employed to melt 
successive layers of ice, until the temperature 
of the body be reduced to zero (32®) by having 
all its superabundant caloric above that tem- 
perature carried off by the ice. If the whole wa- 
ter, formed within the sphere of ice during the 
reduction of the temperature of the included 
body to zero, be carefully collected, the weight 
of the water will be exactly proportional to the 
quantity of caloric lost by the body in passing 
from its original temperature to that of melting 
ice; for it is evident that a double quantity of 
caloric would have melted twice the quantity 
of ioe; hence the quantity of ice melted is a 
very exact measure of the quantity of caloric 
employed to prodilce that effect and ccmse- 
quentiy of the quantity lost by the only sub- 
gtanoe that could possibly have supplied it. 

1 have "made this supposition of what would 
taknipbutein a hollow sphere of ioe for the pur- 


pose df more readily explaining ^he mettiod 
need in this species d ^periment^ 
first conomved by M. de Le^ilace. It would be 
difficult to procure such spheres of ioe and in- 
convenient to make use of them when got; but, 
by means of the following apparatus, we have 
remedied that defect. I acknowledge the, name 
of calorimeter y which I have given it, as derived 
partly from Greek and partly from Latin, is in 
some degree open to criticism; but, in matters 
of science, a slight deviation from strict ety- 
mology, for the sake of giving distinctness of 
idea, is excusaHe; and I could not derive the 
name entirely from Greek without appijoadhing 
too near t(f Ihe names of known instruments 
employed for other purposes. \ 

The calorimeter is represented in Flaw vi. It 
is shown in perspective at Fig. f , and its inte- 
rior structure is engraved in Fige. 2 and\S; the 
former being a horizontal, and the latter ^ pei^ 
pendicular section. Its capacity or cavity 'is di- 
vided into three parts, which, for better dis- 
tinction, 1 shall name the interior, middle, and 
external cavities. The interior cavity//// {Fig. 
4), into which the substances submitt^ to ex- 
periment are put, is composed of a grating or 
cage of iron wire supported by several iron 
bars; its opening or mouth LM is covered by 
the lid HG of the same materials. The middle 
cavity hhhh {Figs. 2 and 3) is intended to con- 
tain the ice which surrounds the interior cav- 
ity, and which is to be melted by the caloric of 
the substance employed in the experiment. The 
ice is supported by the grate mm at the bottom 
of the cavity, under which is placed the sieve 
nn. These two are represent^ separately in 
Figs. 5 and 6. 

In proportion as the ice contained in the mid'^ 
die cavity is melted by the caloric disengaged 
from the body placed in the interior cavity, 
the water runs through the grate and sieve and 
falls through the conical funnel ced {Fig. 3), 
and tube ary, into the receiver F {Fig. 1): This 
water may be retained or let out at pleasure,/ 
by means of the stop-cock u. The external cav^ 
ity aaua {Figs. 2 and 3), is filled with ice, to 
prevent any effect upon the ice in the middle 
cavity from the heat of the surrounding air, 
and the water produced from it is carried off 
through the pipe ST, which shuts by means of 
the stop-cock r. The whole machine is covered 
by the lid ¥¥ {Figi, 7), made of tin painted With 
oil colour to prev^t rust. 

When this machine is to be employed,- the 
middle cavity ihbb {Fi^. 3 and 3);^the lid 
6H (Fig. 4) of tl^ interior cavity, 
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nftl cavity aaaa ipxfjB. 19 and 5), tod the geiH 
era! lid FF {Fig. 7), are all filled mth peiti^ed 
ice; ramm^ so tibat bo void spaces remoiii, 

and the ice of the middle cavity is allowed to 
drain. The machine is then opened, and the 
^bstancesubxnitted to experiment being placed 
in the' interior cavity, it is instantly closed; 
After waiting till the included body is com-* 
pletely cooled to the freezing point, and the 
whole melted ice has drained from the middle 
cavity, the water collected in the vessel F {Fig. 
1) is accurately t\reighed. The weight of the wa- 
ter produced during the experiment is an exact 
measure of the caloric disengaged during the 
cooling of the included body, as this substance 
is evidently in a similar situation with the one 
formerly mentioned as included in a hollow 
sf^ere of ice; the whole caloric disengaged is 
stopped by the ice in the middle cavity, and 
that ice is preserved from bdng affected by 
any other heat by means of the ice contained 
in the general lid {Fig. 7) and in the external 
cavity. Experiments of this kind last from fif- 
teen to twenty hours; they are sometimes ac- 
celerated by covering up the substance in the 
interior cavity with well drained ice, which 
hastens its cooling. 

The substances to be operated upon are 
placed in the thin iron bucket {Fig. 5), the cov- 
er of which has an opening fitted with a cork, 
into which a small thermometer is fixed* When 
we use acids, or other fluids capable of injuring 
the metal of the instruments, they are con- 
tained in the matrass {Fig. 10), which has a 
similar thermometer in a cork fitted to its 
mouth, and which stands in the interior cav- 
ity upon the small cylindrical support RS {Fig. 
10 ). 

It is absolutely requisite that there be no 
communication between the external and mid- 
dle cavities of the calorimeter, otherwise the 
ice melted by the influence of the surrounding 
air, in the external cavity, would mix with the 
water produced from the ice of the middle cav- 
ity, which would no longer be a measure of the 
c^oric lost by the substance submitted to ex- 
periment. 

When the temperature of the atmosphere is 
onty a few de^ees above the freezing point, its 
heat can hardly reach the middle cavity, being 
arrested by the ice of the cover {Fig; 7) and Of 
thO external cavity; but, if the temperature of 
the air be under the degree of freezing, ft might 
cod the iee contained in the niiddie cavity by 
comsmg l^dce in the external cavity to fall, in 
ida^) Mow aero (32^). It is ^erefore 


ee^ntial ’that thb experiment be carried on in 
a temperature somewhat above freezing : htooe^ 
in time of frost, the calorimeter must be kept 
in an apartment carefully heated. It is likewise 
necessary that the ice employed be not under 
zero (32^) ; fpr which purpose it must be pound- 
ed and spreto out thin for some time in a place 
of a hi^er temperature. 

The ice of the interior cavity always retains 
a certain quantity of water adhering to its sur- 
face, which may be supposed to belong to the 
result of the experiment; but as, at the begin- 
ning of each experiment, the ice is already sat- 
urated with as much water as it can contain, if 
any of the water produced by the caloric should 
remain attached to the ice, it is evident that 
very nearly an equal quantity of what adhered 
to it before the experiment must have run down 
into the vessel F in its stead ; for the inner sur- 
face of the ice in the middle cavity is very little 
changed during the experiment. * 

By any contrivance that could be devised, 
we could not prevent the access of the external 
air into the interior cavity when the atmos- 
phere was 9® or 10® (52® or M®) above zero. The 
air confined in the cavity, being in that case 
specifically heavier than the external air, es- 
capes downwards through the pipe xy {Fig. S), 
and is replaced by the warmer external air, 
which, giving out its caloric to the ice, becomes 
heavier and sinks in its turn; thus a current of 
air is formed through the machine, which is the 
more rapid in proportion as the external air ex- 
ceeds the internal in temperature. This curi’ent 
of warm air must melt a part of the ice and in- 
jure the accuracy of the experiment. We may, 
in a great degree, guard against this source of 
error by keeping the stop-cock u continually 
shut; but it is better to operate only when the 
temperature of the external air does not exceed 
3^ or at most 4® (39® to 41®); for we have ob- 
served that, in this case, the melting of the in- 
terior ice by the atmospheric air is perfectly 
insensible; so that we may answer for the ac- 
curacy of our experiments upon the specific 
heat of bodies to a fortieth part. 

We have had construe^ two of the above- 
described machines; one, which is intended for 
such experiments as do not require the interior 
air to be renewed, is precisely formed accerding 
to the description here given; the other, 'which 
anewers for experiments upon combdBtion, res- 
piration, Ac. in which fresh qtianttries Of Oir 
are Imlispensably necessary, differs from tiie 
forinier in having two small tubes in the twO 
lids, by which a current'nf atmospheric air' 



LAVOISIER 


i02 

may be blown into the interior cavity of the 
machine. 

It is extremely easy, with this apparatus, to 
determine the phenomena which occur in op- 
erations where caloric is either disengaged or 
absorbed. If we wish, for instance, to ascertain 
the quantity of calorie which is disengaged from 
a solid body in cooling a certain number of de- 
grees, let its temperature be raised to 80° (212°) ; 
it is then placed in the interior cavity //// 
{Figs, 2 and S) of the calorimeter, and allowed 
to remain till we are certain that its tempera- 
ture is reduced to zero (32°); the water pro- 
duced by melting the ice during its cooling is col- 
lected and carefully weighed; and this weight, 
divided by the volume of the body submitted 
to experiment, multiplied into the degrees of 
temperature which it had above zero at the 
commencement of the experiment, gives the 
proportion of what the English philosophers 
call ipecific heat. 

Fluids are contained in proper vessels, whose 
specific heat has been previously ascertained, 
and operated upon in the machine in the same 
manner as directed for solids, taking care to de- 
duct, from the quantity of water melted during 
the experiment, the proportion which belongs 
to the containing vessel. 

If the quantity of caloric disengaged during 
the combination of different substances is to be 
determined, these substances are to be pre- 
viously reduced to the freezing degree by keep- 
ing them a sufficient time surrounded with 
pounded ice; the mixture is then to be made in 
the inner cavity of the calorimeter, in a proper 
vessel likewise reduced to zero (32°) ; and they 
are kept inclosed till the temperature of the 
combination has returned to the same degree. 
The quantity of water produced is a measure of 
the caloric disengaged during the combination. 

To determine the quantity of caloric disen- 
gaged during combustion and during animal 
re^siration, the combustible bodies are burnt, 
or the animals are made to breathe in the in- 
torior cavity, and the water produced is care- 
fully collect^. Guinea pigs, which resist the 
effects of cold extremely well, are well adapted 
for this experiment. As the continual renewal 
of air is absolutely necessary in such experi- 
ments, we blow fr^ air into the interior cav- 
iiay of the calorimeter by means of a pipe des- 
tined for that purpose and allow it to escape 
tfarott^ another pipe of the same kind; and 
l^t heat of this air may not produce errors 
in the results of the experiments, the tube 
^ofa conveys it into the machine is made to 


pass throu^ pounded ice, i^t it may be re- 
duced to zero (3^) before it arrives at the cal- 
orimeter. The air which escapes must likewise 
be made to pass through a tube surrounded 
with ice, included in the interior cavity of the 
machine, and the water which is produced must 
make a part of what is collected, because the 
caloric disengaged from this air is part of the 
product of the experiment. 

It is somewhat more difficult to determine 
the specific caloric contained in the different 
gases, on account of their small degree of den- 
sity; for, if they are only placed in the calorim- 
eter in vessels like other fiuids, the quantity of 
ice melted ts so small that the result cf the ex- 
periment becomes at best very uncerikin. For 
this species of experiment we have contrived to 
make the air pass through two metallic worms, 
or spiral tubes; one of these, through wh\ch the 
air passes and becomes heated in its v)^y to 
the calorimeter, is contained in a vessel mil of 
boiling water, and the other, through which 
the air circulates within the calorimeter to dis- 
engage its caloric, is placed in the interior cav- 
ity, ////, of that machine. By means of a small 
thermometer placed at one end of the second 
worm, the temperature of the air, as it enters 
the calorimeter, is determined, and its temper- 
ature in getting out of the interior cavity is 
found by another thermometer placed at the 
other end of the worm. By this contrivance we 
are enabled to ascertain the quantity of ice 
melted by determinate quantities of air or gas, 
while losing a certain number of degrees of tem- 
perature, and, consequently, to determine their 
several degrees of specific caloric. The same 
apparatus, with some particular precautions, 
may be employed to ascertain the quantity of 
caloric disengaged by the condensation of the 
vapours of different liquids. 

The various experiments which may be made 
with the calorimeter do not afford absolute con- 
clusions, but only give us the measure of rela- 
tive quantities; we have therefore to fix a unit, 
or standard point, from whence to form a scale 
of the several results. The quantity of caloric 
necessary to melt a pound of ice has been chos- 
en as this unit; and, as it requires a pound of 
water of the temperature of 60° (167°) to melt 
a pound of ice, the quantity of caloric expressed 
by our unit or standard point is what raises a 
pound of water from zero (32°) to 60° (167°). 
When this unit is once determined, we have 
only to express the quantities of caloric disen- 
gaged from different bodies by cooling a cer- 
tain number of degrees in amdogous values* 
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The following is an easy mode of calculation 
for this purpose, applied to one of our earliest 
experiments. 

We took 7 16. 11 os. 2 pros 36 prs. of plate- 
iron, cut into narrow slips and rolled up, or ex- 
pressing the quantity in decimals, 7.7070319. 
These, being heated in a bath of boiling water 
to about 78® (207.5®), were quickly introduced 
into the interior cavity of the calorimeter. At 
the end of eleven hours, when the whole quan- 
tity of water melted from the ice had thorough- 
ly drained off, we found that 1.109795 pounds 
of ice were melted. Hence, the caloric disen- 
gaged from theironbycooling78®(175.5®) hav- 
ing melted 1.109795 pounds of ice, how much 
would have been melted by cooling 60® (135®)? 
This question gives the following statement in 
direct proportion, 78 :1.109795::60::a; —0.8569. 
Dividing this quantity by . the weight of the 
whole iron employed, viz. 7.7070319, the quo- 
tient 0.1 10770 is the quantity of ice which would 
have been melted by one pound of iron whilst 
cooling through 60® (135®) of temperature. 

Fluid substances, such as sulphuric and ni- 
tric acids, &c., are contained in a matrass (Plate 
VI, Fig. 9) having a thermometer adapted to 
the cork, with its bulb immersed in the liquid. 
The matrass is placed in a bath of boiling wa- 
ter, and when, from the thermometer, we judge 
the liquid is raised to a proper temperature, the 
matrass is placed in the calorimeter. The cal- 
culation of the products, to determine the spe- 
cific caloric of these fluids, is made as above di- 
rected, taking care to deduct from the water 
obtained the quantity which would have been 
produced by the matrass alone, which must be 
ascertained by a previous experiment. The table 
of the results obtained by these experiments is 
omitted, because not yet sufficiently complete, 
different circumstances having occasioned the 
series to be interrupted; it is not, however, lost 
sight of ; and we are less or more employed up- 
on the subject every winter. 

CHAPTER IV 

Of Mechanical OperaUansfor Division of Bodies 

Section I Of Trituration, Levigation, and Pair 

yerization 

These are, properly speaking, only prelimi- 
nary mechanical operations for dividing and 
s^iarating the particles of bodies and reducing 
them into very fine powder. These operations 
can never reducesubstances into their primary, 
or etementary and ultimate particles; they do 


not even destroy the aggregation of bodies; for 
every particle, after the most accurate tritura- ' 
tion, forms a small whole, resembling the orig- 
inal mass from which it was divided. The real 
chemical operations, on the contrary, such as 
solution, destroy the aggregation of bodies and 
separate their constituent and integrant par- 
ticles from each other. 

Brittle substances are reduced to powder by 
means of pestles and mortars. These are of 
brass or iron (Plate i. Fig. f ) ; of marble or gran- 
ite (Fig. IS) ; of lignum vitae (Fig. 3) ; of glass 
(Fig. 4 ) ; of agate (Fig. S) ; or of porcelain(Fi(^. 
6). The pestles for each of these are represent^ 
in the plate, immediately below the mortars to 
which they respectively belong, and are made 
of hammered iron or brass, of wood, glass, por- 
celain, marble, granite, or agate, according to 
the nature of the substances they are intended 
to triturate. In every laboratory, it is requisite 
to have an assortment of these utensils, of var- 
ious sizes and kinds. Those of porcelain and 
glass can only be used for rubbing substances 
to powder, by a dexterous use of the pestle 
round the sides of the mortar, as it would be 
easily broken by reiterated blows of the pestle. 

The bottom of mortars ought to be in the 
form of a hollow sphere, and their sides should 
have such a degree of inclination as to make 
the substances they contain fall back to the 
bottom when the pestle is lifted, but not so per- 
pendicular as to collect them too much togeth- 
er, otherwise too large a quantity would get be- 
low the pestle and prevent its operation. For 
this reason, likewise, too large a quantity of 
the substance to be powdered ought not to be 
put into the mortar at one time; and we must 
from time to time get rid of the particles al- 
ready reduced to powder, by means of sieves 
to be afterwards described. 

The most usual method of levigation is by 
means of a flat table ABCD (Plate 1, Fig. 7) of 
porphyry or other stone of similar hardness, 
upon which the substance to be reduced to pow- 
der is spread and is then bruised and rubb^ by 
a muller M of the same hard materials, the 
bottom of which is made a small portion of a 
large sphere; and, as the muller tends continu- 
ally to drive the substances towards the sides 
of the table, a thin flexible knife or spatula of 
iron, horn, wood, or ivory, is used for brining 
them back to the middle of the stone. 

In large works, this operation is perfcHmed 
by means of largo rollers of hard stone, which 
turn upon each other, either horizontally, in 
the way of corn-mills, or by one vertical roUet 
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turning upon a flat stone. In the above opeiar 
is often requisite to moisten the sub* 
stances a Mttle, to prevent the fine powder from 
flying off. 

Tt^re are many bodies which cannot be re« 
duced to powder by any of the foregoing meth*> 
ods; such are fibrous substances, as woods; 
such as are tough and elastic, as the horns of 
animals, elastic gum, &c., and the malleable 
metals which flatten under the pestle, instead 
of being reduced to powder. For inducing the 
woods to powder, rasps (Plate 1, Fig. 8) are 
employed; files of a finer kind are used for horn, 
and still finer (Plate 1, Fig8.9smd JO) for metals. 

Someof the metals, though not brittleenough 
to powder under the pestle, are too soft to be 
filed, as they clog the file and prevent its oper- 
ation. Zinc is one of these, but it may be pow- 
dered when hot in a heated iron mortar, or it 
may be rendered brittle, by alloying it with a 
small quantity of mercury. One or other of 
these methods is used by fire-work makers for 
producing a blue flame by means of zinc. Met- 
als may be reduced into grains, by pouring them 
when melted into water, which serves very well 
when they are not wanted in fine powder. 

Fruits, potatoes, Ac., of a pulpy and fibrous 
nature may be reduced to pulp by means of the 
grater (Plate 1, Fig. 11). 

The choice of the (fifferent substances of 
which these instruments are made is a matter 
of importance; brass or copper are unfit for 
operations upon substances to be used as food 
or in pharmacy; and marble or metallic instru- 
ments must not be used for acid substances; 
hence mortars of very hard wood, and those of 
porcelain^ granite, or glass, are of great utility 
in many operations. 

Section II Qf Sifting and Washing Powdered 

None of the mechanical operations employed 
i&r reducing bodies to powder is capable of pro- 
dudng it of an equal degree of fineness through- 
out; tike powder obtained by the longest and 
most accurate kituration being still an assem^ 
blageof pmtieleB of various sizes. The coarser 
of these are removed, so as only to leave the 
finer and more homogeneous particles by means 
of sieves (Plate Figs^ IS, I4, 18) of (Men- 
finenesses, a^pted to the particular pur- 
jpoees they are inte^ed for; all the powdered 
which is Irnisear toan the interstices of 
flbe sieve Temjdns b^ind and is again submit- 
toidrto ^ pestle, while the finer pass through. 
lUhsievB {Fig. IS) is madeof hair-dotb, or cif 


silk gauto; and the 01 m represented in 
is of parchment pierbSd witis round holes of a 
proper size; this latter is employed in tire man- 
ufacture of gun-powder^ When very subtile or 
valuable materials are to be sifted, whioh are 
easily dispersed, or when thb 'finer parts l^e 
pGwdermay be hurtful, a compound sieve (Ft^. 
16) is made use of, which consists of the rieve 
ABCD, with a lid £F, and receiver QH; these 
three parts are represented as joined toother 
for use (Fig. I 4 ). 

There is a method of procuring powders of 
an uniform fineness, conriderabiy more acCur-> 
ate than the sieve; but it can only be used with 
such subetfeinces as are not acted upob'by wa- 
ter. The powdered substance is mixed and agi- 
tated with water, or other conveni^t fluid; 
the liquor is allowed to settle for a kw mo- 
ments, and is then decanted off; the qoarsest 
powder remains at the bottom of the Vessel, 
and the finer passes over with the liquid. By 
repeated decantations in this manner, various 
sediments are obtained of different degrees of 
fineness; the last sediment, or that which re- 
mains longest suspended in the liquor, being 
the finest. This process may likewise be used 
with advantage for separating substances of 
different degrees of specific gravity, though of 
the same fineness; this last is chiefly employed 
in mining, for separating the heavier metallic 
ores from the lighter earthy matters with which 
they are mixed. 

In chemical laboratories, pans and jugs of 
glass or earthen ware are employed for ^is op- 
eration; sometimes, for decanting the liquor 
without disturbing the sediment, the glass Si- 
phon ABCHI (Plate 11 , Fig. 11) is used, which 
may be supported by means of the perforated 
board DE, at the proper depth in the vessel 
FG, to draw off all the liquor required into the 
receiver LM. The principles and application of 
this useful instrument are so well Imown as to 
need no explanation. 

Section III, Of Filtration 

A filtre is a species of very fine sieve, which 
is permeable to the particles of fluids, but 
through which the particles pf the finest ppwr 
dered sofids are incapable of passing; h^ce its 
use in separating fine powders from Suspension 
in fluids. In pbaztnaoy, very dose end fine 
woollen dotfas are ehiefly used for this operas 
tion; these are commonly formed in a eontod 
diape (Plato n, Fig. S), which has theadvaHt-^ 
ageofunifcmgaUtbetiquoFwhich<bldnstii^^ 
into a point Ay where it may be readily ooli^ 
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motitM vessel. In large 
maeeul^l laboratories^ this string bag is 
atoetcbedupon^^woc^ (Plate n, Fig. /), 

For the purposes of chemistry, as it is requi- 
site, to have the filtres perfectly dleaa, unsised 
pape^r is substituted instead of cloth or flannel; 
throu^ this substance, no solid body, however 
Andy, it be powdered^ can peneti^te, and fluids 
percolate through it with the greatest readiness. 
M paper breaks easily when wet, various meth- 
ods.of supporting it are used according to cir- 
cumstances. When a large quantity of fluid is 
to be filtrated, the paper is supported by the 
frame of wood (Plate ii, Fig, 8) ABCD, having 
a piece of coarse doth stretched over it by 
means of iron hooks. This cloth mi^t be well 
cleaned each time it is used, or even new cloth 
must be employed, if there is reason to suspect 
its being impregnated with anything which can 
iniure the subsequent operations. In ordinary 
operations, where moderate quantities of fluid 
are to be filtrated, different kinds of glass fun- 
nels are used for supporting the paper, as rep- 
resented Plate II, Figs, 5, d, and 7. When sev- 
eral flltrations must be carried on at once, the 
board orshelfAB, FH^.^,supporteduponstanda 
C and D, and pierced with round holes, is very 
convenient for containing the funnels. 

Some liquors are so thick and clammy as 
not to be able to penetrate through paper with- 
out some previous preparation, such as ciaii- 
fiCation by means of white of eggs, which being 
mixed with the liquor, coagulates when brought 
to boil and, entangling the greater part of the 
im])uritie8 of the liquor, rises with them to the 
suriace in the state of scum. Spiritous liquors 
may be clarified in the same manner by means 
of isinglass dissolved in water, which coagu- 
lates by the action of the alcohol without the 
assistance of heat. 

As most of the acids are produced by distil- 
lation, and are consequently clear, we have 
rasely any occasion to filtrate them; but if, at 
any time, concentrated acids require this oper- 
ation, it is impossible to employ paper, which 
would be corroded and destroy^ by the acid. 
Ebr this purpose, pounded ^aas, or rather 
quarta or rockrcrystal, broken in pieces and 
grosriy powdered, answers very wdl; a few of 
the larger pieces are put in the neck of the fbn- 
nd; these are covered witb^tbe smaller pieces, 
thefiner powder is placed over all, and the aurid 
ispoured ontop. for the ordinary purposes of 
society^ rrver-Waiter is frequently ffitrated by 
mesdaof etatn wadNKl sand, to separate its kn 
poritiss; 
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This cperation is often sidMltituted instead 
of filtration for Berating solid particles which 
arediffused through liquors. These are allowed 
to settle in oonic^ vessels, ABODE (Plate ii, 
Fig. t0\ the diffused matters gradually sub- 
side, and the clear fluid is gently poured off. If 
the sediment be extremdiy light, and apt to 
mix again with the fluid by the lightest mo- 
tion, the siphon {Fig. 11) is used, instead of de- 
canUtion, for drawing off the clear fluid. 

In experiments where the weight of the pre- 
cipitate must be rigorously ascertained, decan- 
tatiou is preferable to filtration, providing the 
precipitate be several times washed in a con- 
siderable proportion of water. The weight of 
the precipitate may indeed be ascertain^, by 
carefully weighing the filtre before and after 
the operation; but, when the quantity of pre- 
cipitate is small, the different proportions of 
moisture retained by the paper, in a greater or 
lesser degree of exsiccation, may prove a ma- 
terial source of error which ought carefully to 
be guarded against. 

CHAPTER V 

Of Chemical Means for Separating the Particles 

of Bodies from Each Other Without Decompo- 
sition, and for Uniting them Again 

I HAVE already shown that there are two meth- 
ods of dividing the particles of bodies, the me* 
chamcal and chemical. The former only sepa- 
rates a solid mass into a great number of small- 
er masses; and for these purposes various spe- 
cies of forces are employed, according to cir- 
cumstances, such as the strength of man or of 
animals, the weight of water applied through 
the means of hydraulic engines, the expanrive 
power of steam, the force of the wind, &e. By 
all these mechanical powers, we can nev^ re- 
duce substances into powder beyond a certsam 
degree of fineness; and the smallest particle 
produced in this way, though it seems very 
nute to our organs, is stilt in fact a mountak 
when compared with the ultimate elementary 
particles of the pulverised substance. 

The chemical agents, on the contrary, divide 
bodies mto their primitive particles. If, for k** 
stanee, a neutral salt be actkl upon by ^esb, it 
is divided as far as is possible without eeaskt 
to be a neutral salt. In this dmpter, I mean to 
give examples of this kind ol division of bodiee^ 
to whidi I shah add some aecoemtof the rdk- 
tiveoperations.* ^ 
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Sbction I Of the SoliOion 0/ SaUe 

In chemical language, the terms of edvticm 
and disBolvtion have long been confounded and 
have very improperly beenindiscriminatelyem- 
ployed for expressing both the division of the 
particles of a salt in a fluid, such as water, and 
the division of a metal in an acid. A few reflec- 
tions upon the effects of these two operations 
will suffice to show that they ought not to be 
confounded together. In the solution of salts, 
the saline particles are only separated from each 
other, whilst neither the salt nor the water are 
at all decomposed; we are able to recover both 
the one and the other in the same quantity as 
before the operation. The same thing takes 
place in the solution of resins in alcohol. Dur- 
ing metallic dissolutions, on the contrary, a de- 
composition, either of the acid or of the water 
which dilutes it, always takes place; the metal 
combines with oxygen and is changed into an 
oxide, and a gaseous substance is ffisengaged; 
BO that in reality none of the substances employ- 
ed remain, after the operation, in the same 
state they were in before. This article is entire- 
ly confined to the consideration of solution. 

To understand properly what takes place 
during the solution of salts, it is necessary to 
know that, in most of these operations, two 
distinct effects are complicated together, viz., 
solution by water, and solution by caloric ; and, 
as the explanation of most of the phenomena 
of solution depends upon the distinction of 
these two circumstances, I shall enlarge a little 
upon their nature. 

Nitrate of potash, usually called nitre or salt- 
petre, contains very little water of crystalliza- 
tion, perhaps evennoneatall;yet this salt lique- 
fies in a degree of heat very little superior to 
that of boiling water. This liquefaction cannot 
therefore be produced by means of the water of 
crystallization, but in consequence of the salt 
being very fusible in its nature, and from its 
passing from the solid to the liquid state of ag- 
gregation when but a little raised above the 
temperature of boiling water. All salts are in 
this manner susceptible of being liquefied by 
caloric, but in higher or lower degrees of tem- 
perature. Some of these, as the acetites of pot- 
ash and soda, liquefy with a very moderate 
heat, whilst others, as sulphate of potash, lime, 
&e«, require the strongest fires we are capable 
of producing. Th&i liquefaction of salts by ca- 
bric produces aneactly the same phenomena 
wi& the mdting'ibf ice; it is accomplished in 
each salt by a determinate degree of heat, 


which remains invariaUy the same during the 
whole time of the liquefaction. Caloric is em- 
ployed and becomes fixed during the melting 
of the salt, and is, on the contrary, disengaged 
when the salt coagulates. These are general 
phenomena which universally occur during the 
passage of every species of substance from the 
solid to the fluid stote of ag^egation, and from 
fluid to solid. 

These phenomena arising from solution by 
caloric are always less or more conjoined with 
those which take place during solutions in wa- 
ter. We cannot pour water upon a salt, on pur- 
pose to dissolve it, without employing a com- 
pound sdT^nt, both water and caloric; hence 
we may distinguish several differetttlcases of 
solution, according to the nature and mode of 
existence of each salt. If for instance, a salt be 
with difficulty soluble in water, and readily so 
by caloric, it evidently follows that this salt 
will be with difficulty soluble in cold water, 
and considerably in hot water; such is nitrate 
of potash, and more especially oxygenated mu- 
riate of potash. If another salt be little soluble 
both in water and caloric, the difference of its 
solubility in cold and warm water will be very 
inconsiderable; sulphate of lime is of this kind. 
From these considerations, it follows that .there 
is a necessary relation between the following 
circumstances; the solubility of a salt in cold 
water, its solubility in boiling water, and the 
degree of temperature at which the same salt 
liquefies by caloric, unassisted by water; and 
that the difference of solubility in hot and cold 
water is so much greater in proportion to its 
ready solution in caloric, or in proportion to its 
susceptibility of liquefying in a low degree of 
temperature. 

The above is a general view of solution; but, 
for want of particular facts and sufficiently ex- 
act experiments, it is still nothing more than 
an approximation towards a particular theory. 
The means of completing this part of chemical 
science is extremely simple; we have only to as- 
certain how much of each salt is dissolved by a 
certain quantity of water at different degrees 
of temperature; and as, by the experiments 
published by M. de Laplace and me, the quan- 
tity of caloric contained in a pound of water at 
ea^ degree of the thermometer is accurately 
known, it will be very easy to determine, by 
simple experiments, the proportion of water 
and caloric required for solution by each sdt, 
what quantity of caloric is absorbed by each at 
the moment of liquefaction, and how much is 
disengaged at the moment of crystallization. 
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Hence the reason why salts are more rapidly 
soluble in hot than in cold water is perfectly 
evident. In all solutions of salts caloric is em- 
ployed; when that is furnished intermediately 
from the surrounding bodies, it can only arrive 
slowly to the salt; whereas this is greatly accel- 
erated when the requisite caloric exists ready 
combined with thewater of solution. 

In general, the specific gravity of water is 
augmented by holding salts in solution: but 
there are some exceptions to the rule. Some 
time hence, the quantities of radical, of oxygen, 
and of base, which constitute each neutral salt, 
the quantity of water and caloric necessary for 
solution, the increased specific gravity com- 
municated to water, and the figure of the ele- 
mentary particles of the cr 3 rstals, will all be ac- 
curately known. From these all the circum- 
stances and phenomena of crystallization will 
be explained, and by these means this part of 
chemistry will be completed. M. Seguin has 
formed the plan of a thorough investigation of 
this kind, which he is extremely capable of 
executing. 

The solution of salts in water requires no 
particular apparatus; small glass phials of dif- 
ferent sizes (Plate ii, Figs* 16 and 17), pans of 
earthern ware A {Figs* 1 and 2), long-necked 
matrasses (Fig, 14)t and pans or basins of cop- 
per or of silver (Figs, 13 and 16) answer very 
well for these operations. 

Section II Of Lidviation 

This is an operation used in chemistry and 
manufactures for separating substances which 
are soluble in water from such as are insoluble. 
The large vat or tub (Plate ii, Fig, 12), having 
a hole D near its bottom containing a wooden 
spiget and faucet or metallic stop-cock DE, is 
generally used for this purpose. A thin stratum 
of straw is placed at the bottom of the tub: 
over this, the substance to be lixiviated is laid 
and covered by a cloth, then hot or cold water, 
according to the degree of solubility of the sa- 
line matter, is poured on. When the water is 
supposed to have dissolved all the saline parts, 
it is let off by the stop-cock; and, as some of 
the water charged with salt necessarily adheres 
to the straw and insoluble matters, several fresh 
quantities of water are poured on. The straw 
serves to secure a proper passage for the water, 
and may be ocmpared to the straws or glass rods 
used inffltrating to keep the paperfrom touching 
the sides of the funnel. The cloth which is laid 
over**the matters under lixiviation prevents the 
water from making a hollow in these substances 


where it is poured on, through which it might 
escape without acting upon the whole mass. 

This operation is less or more imitated in 
chemical experiments; but as in these, espe- 
cially with anal 3 dioal views, greater exactness is 
required, particular precautions must be em- 
ployed, so as not to leave any saline or soluble 
part in the residuum. More water must be em- 
ployed than in ordinary lixiviations, and the 
substances ought to be previously stirred up in 
the water before the clear liquor is drawn off, 
otherwise the whole mass might not be equally 
lixiviated, and some parts might even escape 
altogether from the action of the water. We 
must likewise employ fresh portions of water 
in considerable quantity, until it comes off en- 
tirely free from salt, which we may ascertain 
by means of the hydrometer formerly described. 

In experiments with small quantities, this 
operation is conveniently performed in jugs or 
matrasses of glass, and by filtrating the liquor 
through paper in a glass funnel. When the sub- 
stance is in larger quantity, it may be lixivi- 
ated in a kettle of boiling water, and filtrated 
through paper supported by cloth in the wood- 
en frame (Plate ii. Figs, 8 and 4) I ^^nd in opera- 
tions in the large way, the tub already men- 
tioned must be used. 

Section III Of Evaporation 

This operation is used for separating two 
substances from each other, of which one at 
least must be fluid, and whose degrees of vola- 
tility are considerably different. By this means 
we obtain a salt, which has been dissolved in 
water, in its concrete form; the water, by heat- 
ing, becomes combined with caloric, which ren- 
ders it volatile, while the particles of the salt 
being brought nearer to each other, and within 
the sphere of their mutual attraction, unite 
into the solid state. 

As it was long thought that the air had great 
influence upon &e quantity of fluid evaporated, 
it will be proper to point out the errors which 
this opinion has produced. There certainly is a 
constant slow evaporation from fluids exposed 
to the free air; and, though this spedes oi evap- 
oration may be considered in some degree as a 
solution in air, yet caloric has considerable in- 
fluence in produdng it, as is evident from the 
refrigeration which always accompanies this 
process; hence we may consider this gradual 
evaporation as a compound solution made part^ 
ly in air and partly in caloric. But the evapora- 
tion which takes place from a fluid kept bon^ 
tinually boiling, is quite different in its nature, 
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and in it tim evaporation produced by tfaeaof 
tion of tbe air is exeeedin^y inconsid^aide in 
comparison with that which is occasioned by 
caloric. Thk latter Species may be termed cdh 
pomotum rather than evaporation. This proe-* 
ess is not accelerated in proportion to the ex- 
tibnt of evaporating surface, hut m proportion 
to the quantities of caloric which combine with 
the fluid. Too free a current of cold air is often 
hurtful to this process, as it tends to carry off 
caloric from the water and consequently re- 
tards its Conversion into vapour. Hence there 
is no inconvenience produced by covering, in a 
certain degree, the vessels in which liquids are 
evaporated by continual boiling, provided the 
covering body be of such a nature as does not 
strongly draw off the caloric, or, to use an ex- 
pression of Dr. Franklin’s, provided it be a bad 
conductor of heat. In this case, the vapours es- 
cape through such opening as isleft, and at least 
as much is evaporated, frequently more than 
when free access is allowed to the external air. 

As during evaporation the fluid carried off 
by caloric is entirely lost, being sacrifloed for 
the sake of the fixed substances with which it 
was combined, this process is only employed 
where the fluid is of small value, as water, for 
instance. But, when the fluid is of more conse- 
quence, we have recourse to distillation, in 
which process we preserve both the fixed sub- 
stance and the volatile fluid. The vessels em- 
ployed for evaporation are basins or pans of 
copper, silver, or lead (Plate n. Figs, f ^and i5), 
or capsules of glass, porcelain, or stone ware 
(Plate 11, A, Figs. 1 and 2\ Plate iii, Figs^SanA 

4) . The heat utensils for t^s purpose are made 
of the bottoms of glass r^rts and matrasses, 
as their equal thinness renders them more fit 
than any other kind of glass vessel for bearing 
a brisk fire and sudden alterations of heat and 
cold without breaking. 

As the method of cutting these glass vessels 
is nowhere described in books, 1 riiall here give 
a d^ription of it, that they may be niade by 
chmnists for themselves out of spoiled retorts, 
matrasses, and recipients, at a much cheaper 
rate than any which can be procured from glass 
manufacturers. The instrument (Plate ni^ Fig. 

5) , consisting of an iron ring AC, fixed to the 
red AB, havinga wooden handleD, is ^ployed 
as follows: Make the ring red hot in the fire, 
and put it upon the mateass Q (Ftg. ^), which 
is to be cut : when the glass is sufficiently heat- 
ediii{u:ow on a little cold water, and it will gen- 
m^y hieak exactly at tim circular line heated 
byttttiring* 


Small flasks or {ffiaaboflhmipassa^ 
inggoodvesselsforevaporatingsmallquantities 
of fluid: they are very dbeap, and stand the fire 
remarkably. One on more of these may , be 
placed upon a second grate above the furnace 
(Plate III, Fig. where they wfll only experi- 

ence a gentle heat. By this means a ^eat num- 
ber of experiments may be carried on at one 
time. A glass retort, placed in a sand-bath, and 
covered with a dome of baked earth (Plate iii, 
Fig. 1), answers pretty well for evaporations; 
but in this way it is always considerably slow+ 
er, and is even liable to accidents; as the sand 
heats unequally, and the glass cannot dilate in 
the same tmequal manner, the retort is very 
liable to break. Sometimes the sand mrves ex- 
actly the office of the iron ring form^ly men- 
tioned ; for, if a single drop of vapour, condensed 
into liquid, happens to fall upon the\ heated 
part of the vessel, it breaks circularly ht that 
place. When a very intense fire is necessary, 
earthen crucibles may be used; but we gener- 
ally use the word evaporation to express what 
is produced by the temperature of boiling wa- 
ter or not much higher. 

Section IV Of Crystallization 

in this process the integrant parts of a solid 
body, separated from each other by the inters 
vention of a fluid, are made to exert the mutual 
attraction of aggregation, so as to coalesce and 
reproduce a solid mass. When the particles of 
a body are only separated by caloric, and the 
subst^ee is thereby retained in the liquid state, 
all that is necessary for making it crystallize is 
to remove a part of the caloric which is lodged 
between its particles, or, in other words, to cool 
it. If this refrigeration be slow, and the body be 
at the same time left at rest, its particles as- 
sume a regular arrangement, and crystalliza- 
tion, properly so called, takes place; but, if the 
refrigeration is made rapidly, or if the liquor 
be agitated at the moment of its passage to :the 
concrete state, the crystidlization is irregular 
and confused. 

The same phenom^ occur with wato'y so- 
lutions, or rathm* in those made partly in water 
and partly by caloric. So long as there remains 
a sufficieney of water and caloric to ke^ the 
particles of the body asunder beyond thespbere 
of their mutual attraction^ the salt i^maias in 
the fluid state; but» whoever rither calorie or 
water is not present in sufficimt quantity, and 
the attiractim of tiie particlds |6r each other 
beccnnee superior to the power which keeps 
them asun^i the sett its oonerzte 
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and the crystala produeed m the more 
regnlar in propc^ion as the evapomtion hea 
been slower and more tranquilly performed. 

All the phenomena we formerly mentioned 
as itaking place during the solution of salts, oc- 
cur in a contrary sense during their crystalliza- 
tion. Caloric is disengaged at the instant of 
their assuming the solid state, which furnishes 
an additional proof of salt being held in solu- 
tion by the compound action of water and ca- 
loric. Hence, to cause salts to crystallize which 
readily liquefy by means of calorie, it is not 
sufficient to carry off the water which held 
them in solution, but the calqric united to them 
must likewise foe removed. Nitrate of potash, 
oxygenated muriate of potash, alum, sulphate 
of soda, &c., are examples of this circumstance, 
as, to make these salts crystallize, refrigeration 
must be added to evaporation. Such salts, on 
the contrary, as require little caloric for being 
kept ill solutioHi and which, from that circum- 
stance, are nearly equally soluble in cold and 
warm water, are crystallizable by simply car- 
rying off the water which holds them in solu- 
tion, and even recover their solid state in boil- 
ing water; such are sulphate of lime, muriate 
of potash and of soda, and several others. 

The art of refining saltpetre depends U{)on 
these properties of salts, and upon their differ- 
ent degrees of solubility in hot and cold water. 
This salt, as produced in the manufactories by 
the first operation, is composed of many differ- 
ent salts; some are deliquescent and not sus- 
ceptible of being crystallized , such as the nitrate 
and muriate of time; others are almost equally 
soluble in hot and cold water, as the muriates 
of potash and of soda ; and, lastly, the saltpetre, 
or nitrate of potash, is greatly more soluble in 
hot than it is in cold water. The operation is 
begun by pouring upon this mixture of salts as 
much water as will hold even (he least soluble, 
the muriates of soda and of potash, in solution: 
so long as it is hot, this quantity readily dis- 
solves aU the saltpetre, but, upon cooling, (he 
greater part of this s^t crystallizes, leaving 
about a six(h^part remaining dissolved, 4ind 
mixed with tibe nitrate of lime and the two mur 
riates. The nitre obtwed by this pmoess is 
still, somewhat iminregnated with o&w salts, 
because it has been crystallized from water in 
which th^e abound. It is completely purified 
from these by a second solution in asz^ q^i^n- 
tHy of boiting .water, and second orystalUzation. 
The^p^rren^ii^aftertheseGi^ 
of mtre isrstill loaded with a nurture of salV 
and other salts; by furiher evaporation, 


crude saltpetre, or rou^-petre, as the work- 
men call it, is procured from it, and this is pur- 
ified by two fresh solutions and crystallizations. 

The deliquescent earthy salts which do not 
contain the nitric acid are rejected in this man- 
ufacture; but those which consist of that acid 
neutralized by an earthy base are dissolved in 
water, the earth is precipitated by means of 
potash, and allowed to subside; the clear liquor 
is then decanted, evaporated, and allowed to 
crystallize. The above management for refin- 
ing saltpetre may serve as a general rule for 
separating salts from each other which happen 
to be mix^ together. The nature of each must 
be considered, the proportion in which each 
dissolves in given quantities of water, and the 
different solubility of each in hot and cold wa- 
ter. If to these we add the property which some 
salts possess, of being soluble in alcohol, or in a 
mixture of alcohol and water, we have many 
resources for sepaniting salts from each other 
by means of crystallization, though it roust be 
allowed that it is extremely difficult to render 
this separation perfectly complete. 

The vessels used for crystallization are pans 
of earthen ware A (Plate ii. Figs, 1 and 2) and 
large flat dishes (Plate ni, Fig. 7). When a sa- 
line solution is to be exposed to a slow evapora- 
tion in the heat of the atmosphere, with free 
access of air, vessels of some depth (Plate rii, 
Fig. S) must be employed, that there may be a 
considerable body of liquid; by this means ibe 
crystals produced are of considerable size, and 
remarkably regular in their figure. 

Every species of salt crystallizes in a peculiar 
form, and even each salt varies in the form of 
its crystals according to circumstances, which 
take place during crystallization. We must not 
from thence conclude that the saline particles 
of each species are indeterminate in their fig- 
ures. The primitive particles of all bodies, es- 
pecially of salts, are perfectly constant in their 
specific forms; but the crystals which form m 
our experiments are composed of congeries of 
minute particles, which, thou^ perfectiy equal 
in size and shape, may assume very dissimilar 
arrangements and consequently produce a 
variety of regular forms, which have not tha 
small^t apparent resemblance to each 
nor to the original crystal. This subjeist has 
been v^y ably treated by the Ahh6 list 
several Minmres presented to the Academy 
and in his work upon the structure of crystals. 
It is only necessary to extend geni^ally to the 
class of salts the principles he has parihndarly 
ap^ied to some (uystallized stones. . ^ t 
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Suction V Of Simj^ Diatilkttian 

Ab distillation has two distinct objects to ac- 
complish, it is divisible into simple and com- 
pound; and, in this section, I mean to confine 
mjrself entirely to the former. When two bodies, 
of which one is more volatile than the other, or 
has more affinity to caloric, are submitted to 
distillation, our intention is to separate them 
from each other. The more volatile substance 
assumes the form of gas, and is afterwards con- 
densed by refrigeration in proper vessels. In 
this case distillation, like evaporation, becomes 
a species of mechanical operation, which sep- 
arates two substances from each other without 
decomposing or altering the nature of either. 
In evaporation, our only object is to preserve 
the fixed body, without paying any regard to 
the volatile matter; whereas, in distillation, 
our principal attention is generally paid to the 
volatile substance, unless when we intend to 
preserve both the one and the other. Hence, 
simple distillation is nothing more than evap- 
oration produced in close vessels. 

The most simple distilling vessel is a species 
of bottle or matrass A (Plate in, 5), which 
has been bent from its original form BC to BD, 
and which is then called a retort; when used, it 
is placed either in a reverberatory furnace 
(Plate XIII, Fig, B) or in a sand bath under a 
dome of baked earth (Plate in, Fig. f). To re- 
ceive and condense the products, we adapt a 
recipient E (Plate in. Fig. 9), which is lut^ to 
the retort. Sometimes, more especially in phar^ 
maceutical operations, the glass or stone ware 
cucurbit. A, with its capital B (Plate in. Fig. 
IB) OT the glass alembic and capital {Fig. 13) 
of one piece, is wnployed. This latter is man- 
aged by means of a tubulated opening T, fitted 
with a ground stopper of crystal; the capital, 
both of the cucurbit and alembic, has a furrow 
or trench, rr, intended for conveying the con- 
densed liquor into the beak RS by which it 
runs out. As, in almost all distillations, expan- 
sive vapours are produced, which might burst 
the veeudb employed, we are under the neces- 
sity of having a small hole T {Fig. 9) in the 
bidloon or recipient, through which these may 
find vent; hence, in this way of distilling, all 
the products which are permanently aeriform 
are enlxrely lost, and even such as with difil- 
eoity lose that state have not sufficient space to 
condense in the balloon. This apparatus is not, 
tfaei^ore, proper for experiments of investiga- 
and can only be admitted in the ordinary 
operations of the laboratory or in pharmacy. 


In the article appropriated for compound dis- 
tillation, I shall explain the various methods 
which have been contrived for preserving the 
whole products from bodies in this process. 

As glass or earthen vessels are very brittle, 
and do not readily bear sudden alterations of 
heat and cold, every well regulated laboratory 
ought to have one or more alembies of metal 
for distilling water, spiritous liquors, essential 
oils, Ac. This apparatus consists of a cucurbit 
and capital of tinned copper or brass (Plate iii. 
Figs. 15 and 16)^ which, when judged proper, 
may be placed in the water bath D {Fig. 17). 
In distillations, especially of spiritou^ liquors, 
the capital must be furnished with a refrigera- 
tory, SS {Fig. 16), kept continually fitted with 
cold water; when the water becomes h^ted, it 
is let off by the stop-cock, R, and renewed with 
a fresh supply of cold water. As the fluid dis- 
tilled is converted into gas by means of Caloric 
furnished by the fire of the furnace, it is evi- 
dent that it could not condense, and, conse- 
quently, that no distillation, properly speak- 
ing, could take place, unless it is made to de- 
posit in the capital all the caloric it received in 
the cucurbit; with this view, the sides of the 
capital must always be preserved at a lower 
temperature than is necessary for keeping the 
distilling substance in the state of gas, and the 
water in the refrigeratory is intended for this 
purpose. Water is converted into gas by the 
temperature of 80® (212®), alcohol by 67® 
(182.75®), ether by 32® (104®) : hence these sub- 
stances cannot be distilled, or, rather,they will 
fly off in the state of gas, unless the tempera- 
ture of the refrigeratory be kept under these 
respective degrees. 

In the distillation of spiritous and other ex- 
pansive liquors the above described refrigera- 
tory is not sufficient for condensing all the 
vapours which arise; in this case, therefore, in- 
stead of receiving the distilled liquor immed- 
iately from the beak, TU, of the capital into a 
recipient, a worm is interposed between them. 
This instrument is represented Plate iii. Fig. 
18, contained in a worm tub of tinned copper; 
it consists of a metallic tube bent into a con- 
siderable number of spiral revolutions. The 
vessel which contains the worm is kept full of 
cold water, which is renewed as it grows warm. 
This contrivance is employed in all distilleries 
of spirits, without the intervention of a capital 
and refrigeratory, properly so called. The one 
represented in the plate is furnished with two 
wonns, one of thembeing particularly appropri- 
ated to distillations of odoriferous substances. 
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In some simple distiUations it is necessary 
to interpose an adopter between the retort 
and receiver, as shown (Plate iii, Fig. 11). This 
may serve two different purposes, either to 
separate two products of different degrees of 
volatility, or to remove the receiver to a 
greater distance from the furnace, that it may 
be less heated. But these, and several other 
more complicated instruments of ancient con- 
trivance, are far from producing the accuracy 
requisite in modern chemistry, as will be 
readily perceived when I come to treat of 
compound distillation. 

Section VI Of SMimalion 

This term is applied to the distillation of sub- 
stances which condense in a concrete or solid 
form, such as the sublimation of sulphur, and 
of muriate of ammonia, or sal ammonia. These 
operations may be conveniently performed in 
the ordinary distilling vessels already described , 
though, in the sublimation of sulphur, a species 
of vessels, named alliideh, have been usually 
employed. These are vessels of stone or porce- 
lain ware, which adjust to each other over a 
cucurbit containing ^e sulphur to be sublimed. 
One of the best subliming vessels, for substances 
which are not very volatile, is a flask, or phial 
of glass, sunk about two thirds into a sand 
bath; but in this way we are apt to lose a part 
of the products. When these are wished to be 
entirely preserved, we must have recourse to 
the pneumato-chemical distilling apparatus, 
to be described in the following chapter. 

CHAPTER VI 

Of Pimi^mato-chemicai Distillaticma, Metallic 
Di88olidion8f and Some Other Operations 
Which Require Very Complicated Instruments 

Section I Of Compound and Pmumatthchemi- 
cal DistiUations 

In the preceding chapter, 1 have only treated 
of distillation as a simple operation, by which 
two substances, differing in degrees of volatil- 
ity, may be separated from each other; but dis- 
tillation often actually decomposes the sub- 
stances submitted to its action and becomes 
one of the most complicated operations in 
chemistry. In every distillation, the substance 
distilled must be brought to the state of gas in 
the cucurbit or retort, by combination with ca- 
loric. In sixnple distillation, this caloric is given 


out in the refrigeratory or in the worm, and 
the substance again recovers its liquid or solid 
form, but the substances submitted to com- 
pound distillation are absolutely decompound- 
ed; one part, as for instance the charcoal they 
contain, remains fixed in the retort, and all the 
rest of the elements are reduced to gases of dif- 
ferent kinds. Some of these are susceptible of 
being condensed and of recovering their solid 
or liquid forms, whilst others are permanently 
aeriform; one part of these are absorbable by 
water, some by the alkalies, and others are not 
susceptible of being absorbed at all. An ordi- 
nary distilling apparatus, such as has been de- 
scribed in the preceding chapter, is quite insuf- 
ficient for retaining or for separating these di- 
versified products, and we are obliged to have 
recourse, for this purpose, to methods of a more 
complicated nature. 

The apparatus I am about to describe is cal- 
culated for the most complicated distillations, 
and may be simplified according to circum- 
stances. It consists of a tubulated glass retort 
A (Plate IV, Fig. 1), having its beak fitted to a 
tubulated balloon or recipient BC; to the up- 
per orifice D of the balloon a bent tube DEfg 
is adjusted, which, at its other extremity p, is 
plunged into the liquor contained in the bottle 
L, with three necks xxx. Three other similar 
bottles are connected with this first one, by 
means of three similar bent tubes disposed in 
the same manner ; and the farthest neck of the 
last bottle is connected with a jar in a pneu- 
mato-chemical apparatus, by means of a bent 
tube. A determinate weight of distilled water 
is usually put into the first bottle, and the other 
three have each a solution of caustic potash in 
water. The weight of all these bottles, and of 
the water and alkaline solution they contain, 
must be accurately ascertained. Every thing 
being thus disposed, the junctures between the 
retort and recipient, and of the tube D of the 
latter, must be luted with fat lute, covered 
over with slips of linen, spread with lime and 
white of egg; all the other junctures are to be 
secured by a lute made of wax and rosin melted 
together. 

When all these dispositions are completed, 
and when, by means of heat applied to the re- 
tort A, the substance it contains becomes de- 
composed, it is evident that the least volatile 
products must condense or sublime in the beak 
or neck of the. retort itself, where most of the 
concrete substances will fix themselves. The 
more volatile substances, as the lighter oils, 
ammonia, and several others, wiU oemdense in 
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the reeiiHent GC, whilst the gases, whic^ are 
tiot Busoepfdble of condensation by cold; wiU 
on^by the tubes, and boil up throu^ tilie 
UdUonn in the several bottles. Such as are 
absoibable by water will remain in the first 
bottte, aind those which caustic alkali can 
absorb will remain in the others; whilst sUch 
gases as are not susceptible of absorption, 
either by water or alkalies, will escape by the 
tube RM, at the end of which they may be 
received into jars in a pneumato-chemical ap- 
paratus. The charcoal and fixed earth, &c. 
which form the substance or residuum, once 
called capyi mortuum, remain behind in the 
retort. 

In this manner of operating, we have always 
a very material proof of the accuracy of the 
analysis, as the whole weights of the products 
taken together, after the process is finished/ 
must be exactly equal to the weight of the orig- 
inal substance submitted to distillation. Hence, 
for instance, if we have operated upon eight 
ounces of starch or gum arabic, the weight of 
the charry residuum in the retort, together with 
that of all the products gather^ in its neck 
and the balloon, and of all the gas received into 
the jars by the tube RM added to the addition- 
al weight acquired by the bottles, must, when 
taken together, be exactly eight ounces. If the 
product be less or more, it proceeds from error, 
and the experiment must be repeated until a 
satisfactory result be procured, which ought 
not to differ more than six or eight grains in the 
pound from the weight of the substance sub^ 
mitted to experiment. 

In experiments of this kind, I for a long time 
met with an almost insurmountable difficulty, 
which must at last have obliged me to desist al- 
together but for a very simple method of avoid- 
ing it, pointed out to me by M. Hassenfratz. 
The smallest diminution in the heat of the fur- 
mce, and many other circumstances insepar- 
able from this kind of experiments, cause fre- 
quent reabsorptions of gas; the water in the 
cistm of the pneumato-cbemical apparatus 
rushes into ^ last bottle through the tube 
RM, the same circumstance happens from one 
bottle intoanother, and file fluid is often forced 
even intd the redi^ent C. This accident is pre- 
vented by using' tottles having three necks, as 
vepresmited in the plate, into one of which, in 
bottle, a capillary glass-tube St, st, «^, if/ 
Is adapted, so as to have its lower extremity t 
in the liquor. If any absorption takes 
place, dther in the retort or in any of the bot- 
a mdS^nt quantity of eternal air enters, 


by means of these tubes, to>^fill up the void; 
and we get rid of the inconvenience at the price 
of having a small mixture of common air 
the products of the experin^nt, which is there* 
by prevented from failing altogether. Though 
these tubes admit the external air, they danxiot 
permit any of the gaseous substances to escape, 
as they are always shut below by the water of 
the bottles. 

It is evident that, in the course of experi-^ 
ments with this apparatus, the liquor of the bot- 
tles must rise in these tubes in proportion to the 
pressure sustained by the gas or air contained 
in the bottles; and this pressure is determined 
by the height and gravity of the column of 
fluid contained in all the subsequent bottles. 
If we suppo^ that each bottle contams tlu'ee 
inches of fluid, and that there are three inches 
of water in the cistern of the connected ap- 
paratus above the oriflce of the tube RM, 
and allowing the gravity of the fluids* to be 
only equal to that of water, it follows that the 
air in the first bottle must sustain a pressure 
equal to twelve inches of water; the water must 
therefore rise twelve inches in the tube S, con- 
nected with the first bottle, nine inches in that 
belonging to the second, six inches in the third, 
and three in the last; wherefore these ;tubes 
must be made somewhat more than twelve, 
nine, six and three inches long respectively, al- 
lowance bdng made for oscillatory motions, 
which often t^e place in the liquids. It is som^ 
times necessary to introduce a similar tube be- 
tween the retort and recipient; and, as the 
tube is not immersed in fluid at its lower ex- 
tremity until some has collected in the prog- 
ress of the distillation, its upper end must be 
shut at first with a little lute, so as to be opened 
according to necessity or after there is suffici- 
ent liquid in the recipient to secure its lower 
extremity. 

This apparatus cannot be used in veiy accu- 
rate experiments, when the substances iivtend- 
ed to be operated upon have a very rsipid ac- 
tion upon each other or when one of them can 
only be introduced in small successive portions, 
as in such as produce violent effervescence when 
mixed toge^r. In such cases, we eniploy a 
tubulated letoit A (Plate vii, Pig, |), into 
which one of the substances is intedtecedviptb^ 
f(»rring always the solid body, if any such is to 
be treated^ we then liite to the opening of the 
retort a tube BCDA, termixmtii^ at its 
upper extremity B in a funnel; and at its ^er 
end Ain acapilbiiy opening* The fluid xnateiiai 
of the expeihnexii is poined* into tbe retbrt by 
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such a length, from B to C, that the column of 
liquid , introduced may counterbalance tilie re- 
sistance t>rQduoed by the liquors contained in 
all the bottles (Plate iv, Fig. 1). 

Those who have not h^n accustomed to use 
the above described distilling apparatus may 
perhaps be startled at the great number of 
openings which require luting, and the time 
necesewry for making all the previous prepara- 
tions in experiments of this kind. It is very 
true that, if we take into account all the neces- 
sary wei^ings of materials and products, both 
before and after the experiments, these pre- 
paratory and succeeding steps require much 
more time and attention than the experiment 
itself. But, when the experiment succeeds prop- 
erly, we are well rewarded for all the time and 
trouble bestowed, as by one process carried on 
in this accurate manner much more just and 
extensive knowledge is acquired of the nature 
of the vegetable or animal substance thus sub- 
mitted to investigation than by many weeks 
assiduous labour in the ordinary method of 
proceeding. 

When in want of bottles with three orifices, 
those with two may be used; it is even possible 
to introduce all the three tubes at one opening, 
so as to employ ordinary wide-mouthed bot- 
tles, provided the opening be sufficiently large. 
In this case we must carefully fit the bottles 
with corks very accurately cut and boiled in a 
mixture of oil, wax, and turpentine. These 
corks are pierced with the necessary holes for 
receiving the tubes by means of a round file, 
as in Plate iv. Fig. 8. 

Section II Of Metallic Dissolutions 

I have already pointed out the difference be- 
tween solution of salts in water and metallic 
dissolutions. The former requires no particular 
vessels, whereas the latter requires very com- 
plicated vessels of late invention, that we may 
not ,bse any of the products of the experiment, 
and may thereby procure truly conclusive re- 
sults of the phenomena which occur. The met- 
als^ in general, dissolve in acids with efferves- 
cence, whidi is only a motion excited in the 
advent by the disengagement of a great nupir 
ber of bubbles of air or aeriform fluid, which 
.proceed from thesurface of the metal and break 
at the surface of the liquid, 

Jd. Cavendish and Dr, Priesttey were the 
first inventors of ai proper apparatus for cd- 
l(eotihg:iheae elastie fluids* TIuit of Dr, Priest- 


A (Plate Fig^ with its qpik, %qugh 
which passes the bent glass tube BC, is 
engaged under a jar filled with water in the 
pneumato-chemical apparatus, or simdy in a 
basin full of water. The metal is first intn> 
duced into the bottle, the acid is then pomed 
over it, and the bottle is instantly olosed with 
its colic and tube, as represented in the plate . B ut 
this apparatus has its inconveniences. When 
the acid is much concentrated, or the metal 
much divided, the effervescence begins before 
we have time to cork the bottle properly, and 
some gas escapes, by which we are prevented 
from ascertaining the quantity disengaged with 
rigorous exactness. In the next place, when we 
are obliged to employ heat, or when heat is 
produced by the process, a part of the acid dis- 
tills and mixes with the water of the pneumato- 
chemical apparatus, by which means we are 
deceived in our calculation of the quantity of 
acid decomposed. Besides these, the water in 
the cistern of the apparatus absorbs all the gas 
produced which is susceptible of absorption 
and renders it impossible to collect these with- 
out loss. 

To remedy these inconveniences, I at first 
used a bottle with two necks (Plate vii, Fig. 5), 
into one of which the glass funnel BC is luted 
80 as to prevent any air escaping; a glass rod 
DE is fitted with emery to the funnel, so as to 
serve the purpose of a stopper. When it is used, 
the matter to be dissolved is first introduced 
into the bottle, and the acid is then permitted 
to pass in as slowly as we please, by raising the 
glass rod gently as often as is necessary until 
saturation is produced. 

Another method has been since employed, 
which serves the same purpose, and is prefer- 
able to the last described in some instances. 
This consists in adapting to one of the mouths 
of the bottle A (Plate vii, Fig, 4), a bent tube 
DEFG, having a capillary opening at D, and 
ending in a funnel at G. This tube is securely 
luted to the mouth C of the bottle. When any 
liquid is poured into the funnel, it falls down to 
F; and, if a sufficient quantity be added, it 
passes by tbe curvature E and falls slowly into 
the bottle, so long as fresh liquor is supplied Set 
the funnel. The liquor can never be forced out 
of the tube, and no gas can escape through it, 
because tiie weight of the liquid serves the pur- 
pose of an accurate cork. 

To prevent any distillation of acid, espe- 
cially in dimlutions accompanied ^th heat, 
this tube is adapted to the retort A (Plate vn, 
Fig., i), and a small tubulated recipient, M, 
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applied, b which any liquor which may distill 
is condensed. On purpose to separate any gas 
that is absorbable by water, we add the double 
necked bottle L, half filled with a solution of 
caustic potash; the alkali absorbs any carbonic 
acid gas, and usually only one or two other gases 
pass into the jar of the connected pneumato- 
chemical apparatus through the tube NO. In 
the first chapter of this third part we have di- 
rected how these are to be separated and ex- 
amined. If one bottle of alkaline solution be 
not thought sufficient, two, three, or more, 
may be added. 

Section III Apparatus Necessary in Expert^ 

ments upon Vinous and Putrefactive Fennerir 

tations 

For these operations a peculiar apparatus, 
especially intended for this kind of experiment, 
is requisite. The one I am about to describe is 
finally adopted as the best calculated for the 
purpose, aher numerous corrections and im- 
provements. It consists of a large matrass, A 
(Plate X, Fig, 1), holding about twelve pints, 
with a cap of brass a 6, strongly cemented to 
its mouth, and into which is screwed a bent 
tube cd, furnished with a stop-cock e. To this 
tube is joined the glass recipient B, having 
three openings, one of which communicates 
with the bottle C placed below it. To the pos- 
terior opening of this recipient is fitted a glass 
tube ghij cemented at g and i to collets of 
brass, and intended to contain a very deliques- 
cent concrete neutral salt, such as nitrate or 
muriate of lime, acetite of potash, &c. This 
tube communicates with two bottles D and E, 
filled to X and y with a solution of caustic 
potash. 

All the parts of this machine are joined to- 
gether by accurate screws, and the touching 
parts have greased leather interposed, to pre- 
vent any passage of air. Each piece is likewise 
furnished with two stop-cocks, by which its 
two extremities may be closed, so tfiat we can 
weigh each separately at any period of the op- 
eration. 

The fermentable matter, such as sugar, with 
a proper quantity of yeast and diluted with 
water, is put into the matrass. Sometimes, when 
the fermentation is too rapid, a considerable 
quantity of froth is produced, which not only 
fills the neck of the matrass, but passes into 
the recipient, and from thence runs down into 
the bottle C. On purpose to collect this scum 
and must, and to prevent it from reaching the 
tube filled with deliquescent salts, the recipient 


and connected bottle are made of considerable 
capacity. 

In the vinous fermentation, only carbonic 
acid gas is disenga^, carrying with it a small 
proportion of water in solution. A great part of 
this water is deposited in passing through the 
tube ghi^ which is filled with a deliquescent 
salt in gross powder, and the quantity is ascer- 
tained by the augmentation of the weight of 
the salt. The carbonic acid gas bubbles up 
through the alkaline solution in the bottle D, 
to which it is conveyed by the tube klm. Any 
small portion which may not be absorbed by 
this first Ijottle is secured by the solution in the 
second bottle E, so that nothing, in general, 
passes into the jar F, except the common air 
contained in the vessels at the commmcement 
of the experiment. \ 

The same apparatus answers extremely well 
for experiments upon the putrefactive ((ermen- 
tation; but, in this case, a considerable quan- 
tity of hydrogen gas is disengaged through the 
tube qr 8 tUf by which it is conveyed into the 
jar F; and, as this disengagement is very rapid, 
especially in summer, the jar must be frequently 
changed. These putrefactive fermentations re- 
quire constant attendance from the above cir- 
cumstance, whereas the vinous fermentation 
hardly needs any. By means of this apparatus 
we can ascertain, with great precision, the 
weights of the substances submitted to fermen- 
tation, and of the liquid and aeriform products 
which are disengaged. What has been already 
said in Part I, Chapter XIII, upon the products 
of the vinous fermentation, may be consulted. 

Section IV Apparatus for (he Decomposition 

of Water 

Having already given an account, in the first 
part of this work, of the experiments relative 
to the decomposition of water, I shall avoid 
any unnecessary repetitions and only give a 
few summary observations upon the subject in 
this section. The principal substances which 
have the power of decomposing water are iron 
and charcoal; for which purpose, they require 
to be made red hot, otherwise the water is only 
reduced into vapours and condenses afterwards 
by refrigeration without sustaining the small- 
est alteration. In a red heat, on the contrary, 
iron or charcoal carry off the oxygen from its 
union with hydrogen; in the first case, black 
oxide of iron is pr^uced, and the hydrogen is 
disengaged pure in form of gas; in the other 
case, carbonic acid gas is formed, which disen- 
gages, mixed with the hydrogen gas ; and this 
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coftl in solution. 

A muskot barrel, without its breach pin, an- ^ ^ Composition and Use of Lvtea 


ewers exceedingly well for the decomposition 
of water by means of iron, and one should be 
chosen of considerable length and pretty strong. 
When too short, so as to run the risk of heating 
the lute too much, a tube of copper is to be 
strongly soldered toone end.Thebarrelisplaced 
in a long furnace CDEF (Plate vii. Fig. li), 
so as to have a few degrees of inclination from 
E to F; a glass retort. A, is luted to the upper 
extremity E, which contains water and is placed 
upon the furnace WXX. The lower extremity 
F is luted to a worm SS, which is connected 
with the tubulated bottle H, in which any wa- 
ter distilled without decomposition, during the 
operation, collects, and the disengaged gas is 
carried by the tube KK to jars in a pneumato- 
chemical apparatus. Instead of the retort, a fun- 
nel may be employed, having its lower part 
shut by a stop-cock, through which the water 
is allowed to drop gradually into the gun-bar- 
rel. Immediately upon getting into contact with 
the heated part of the iron, the w^ater is con- 
verted into steam, and the experiment pro- 
ceeds in the same manner as if it were f urni^ed 
in vapours from the retort. 

In the experiment made by M. Meusnier 
and me before a committee of the Academy, we 
used every precaution to obtain the greatest 
possible precision in the result of our experi- 
ment, having even exhausted all the vessels 
employed before we began, so that the hydro- 
gen gas obtained might be free from any mix- 
ture of azotic gas. The results of that experi- 
ment will hereafter be given at large in a par- 
ticular Mimoire. 

In numerous experiments, we are obliged to 
use tubes of glass, porcelain, or copper, instead 
of gun-barrels; but glass has the disadvantage 
of being easily melted and flattened, if the heat 
be in the smallest degree raised too high; and 
porcelain is mostly full of small minute pores, 
through which the gas escapes, especially when 
compressed by a oolunm of water. For these 
reasons I procured a tube of brass, which M. 
de la Briche got cast and bored out of the solid 
for me at Strasburg, under his own inspection. 
This tube is extremely convenient for decom- 
posing alcohol, which resolves into charcoal, 
carixmic acid gas, and hydrogen gas; it may 
likewise be u^ with the same advantage 
for decomposing water by means of charcoal, 
and ka great number of mcperiments of this 
nature* 


The necessity of properly securing the junc- 
tures of chemical vessels to prevent the escape 
of any of the products of experiments must be 
sufficiently apparent; for this purpose lutes are 
employed, which ou^t to be of such a nature 
as to be equally impenetrable to the most sub^ 
tile substances, as glass itself through which 
only caloric can escape. 

This first object of lutes is very well accom- 
plished by bees wax, melted with about an 
eighth part of turpentine. This lute is very eas- 
ily managed, sticks very closely to glass, and is 
very difficult to penetrate; it may be rendered 
more consistent, and less or more hard or pli- 
able, by adding different kinds of resinous mat- 
ters. Though this species of lute answers ex- 
tremely well for retaining gases and vapours, 
there are many chemical experiments which 
produce considerable heat, by which this lute 
becomes liquefied, and consequently the expan- 
sive vapours must very readily force through 
and escape. 

For such cases, the following fat lute is the 
best hitherto discovered, though not without 
its disadvantages, which shall be pointed out. 
Take very pure and dry unbaked clay reduced 
to a very fine powder ; put this into a brass mor- 
tar and beat it for several hours with a heavy 
iron pestle, dropping in slowly some boiled lin- 
seed oil; this is oil which has been oxygenated, 
and has acquired a drying quality by being 
boiled with litharge. This lute is more tena- 
cious, and applies better, if amber varnish be 
used instead of the above oil. To make this 
varnish, melt some yellow amber in an iron 
ladle, by which operation it loses a part of its 
succinic acid and essential oil, and mix it with 
linseed oil. Though the lute prepared with this 
varnish is better than that made with boiled 
oil, yet, as its additional expense is hardly 
compensated by its superior quality, it is sel- 
dom used. 

The above fat lute is capable of sustaining a 
very violent degree of heat, is impenetrable by 
ad^ and spiritous liquors, and adheres exceed- 
ingly well to metals, stone ware, or glass, pro- 
viding they have been previously rendered per- 
fectly dry. But if, unfortunately, any of the 
liquor in the course of an experiment gets 
through, either between the glass add the lute 
or between the layers of the lute itsdf , so as to 
moisten tiie part, it is extremely difficult to 
dose the opening. This is the chid inoonveni* 
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enoe which atteiKb tiia.iiaecif feit lute and per- 
haps the only one it is subject to. As it is apt to 
Boftm h^t, we must surround all the junc- 
tures witib slips, wet bladder applied over the 
luting and fixed on by pack-thread tied round 
both above and below the joint; the bladder, 
and consequently the lute telow, must be far- 
th^ secur^ by a number of turns of pack- 
thread all over it. By these precautions, we are 
free from ev^ danger of accident; and the 
junctures secured in this manner may be con- 
sidered, in experiments, as hermetically sealed. 

It frequently happens that the figure of the 
junctures prevents the application of ligatures, 
which is the case with the three-necked bottles 
formerly described; and it even requires great 
address to apply the twine without shaking the 
apparatus: so that, where a number of junc- 
tiires require luting, we are apt to displace sev- 
eral while securing one. In these eases, we may 
substitute slips of linen, spread with white of 
egg and lime mixed together, instead of the wet 
bladder. These are applied while still moist, 
and very speedily dry and acquire consider- 
able hardness. Strong glue dissolved in water 
may answer instead of white of egg. These fil- 
lets are usefully applied likewise over junctures 
luted together with wax and rosin. 

Before appl 3 dng a lute, all the junctures of 
the vessels must be accurately and firmly fitted 
to each other, so as not to admit of being moved . 
If the beak of a retort is to be luted to the neck 
of a recipient, they ought to fit pretty accurate- 
ly ; otherwise we must fix them, by introducing 
(short pieces of soft wood or of cork, If the dis- 
propoition between the two be very consider- 
able, we must employ a cork which fits the 
nedk of the recipient, having a circular hole of 
proper dim^ions to admit the beak of the re- 
torts The same precaution is necessary in adapt- 
ing b&iA tubes to the necks of bottles in the ap- 
paratus represented Plate iv, Fig. 1, and others 
df asimilar nature. Each mouth of each bottle 
must be fitted with a cork, having ahole made 
with a round file of a proper size for containing 
the tuber' And, when one mouth is intended, to 
admit two or more tubes, which frequently 
happens when we have not a suffici^t num- 
ber of bottles with two or three necks, we must 
use a cork >witb two or three holes (Plate iv, 
FishS). , , 

When the whole aiq>axatus is thus solidly 
joined, so that no part eaa play upon another, 
webegiu to lute. The lute is soften^ by knead- 
roUing it betwena the fingm, with the 
sadMttimo into^ 
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tures, taking great care to meJceit 
and adhere firmly in every part; a second roll 
is applied oyer the first, sq as to pass it on each 
side, and so on till e^ch juncture be sufficiently 
covered; after this,, the slips of bladder, or 
linen, as above directed, must be carefully 
plied over all. Though: this operation may! ap-^ 
pear extremely simple, yet it requires peculiar 
delicacy and management; great care must be 
taken not to disturb one juncture whilst luting 
another, and more especially when applying 
the fillets and ligatures. 

Before beginning any experiment, |he close- 
ness of theiuting ought always to be previous- 
ly tried, either by slightly heating thqretort A 
(Plate iv, Fig. 1), or by blowing in a uttle air 
by some of the perpendicular tubes S lea; the 
alteration of pressure causes a change in the 
level of the liquid in these tubes. If the appa- 
ratus be accurately luted, this alteration of 
level will be permanent; whereas, if there be 
the smallest opening in any of the junctures, 
the liquid will very soon recover its former lev- 
el, It must always be remembered that the 
whole success of experiments in modern chem- 
istry depends upon the exactness of this oper- 
ation, which therefore requires the utmost pa-' 
tience and most attentive accuracy. 

It would be of infinite service to enable chem- 
ists, especially those who are engaged in pneu- 
matic processes, to dispense with the use of 
lutes, or at least to diminish the number neces- 
sary in complicated instruments. I once thought* 
of having my apparatus constructed so as to 
unite in all its parts by fitting with emery, in 
the way of bottles with crystal stoppers; but 
the execution of this plan was extremely diffir 
cult. I have since thought it preferable to sub- 
stitute columns of a few lines of mercury 
place of lutes, and have got an apparatus con- 
structed Upon this principle, which appj^rs 
capable of very convenient application in a 
great number of j^cumstances. r . 

It oontistsof a double necked bottle A (?iate 
xiz, Fig. the interior neck be eommuni- 
cat^ with the inside of the bottle, and the ex- 
terior neck oT,xim4e leaves an interval between, 
the two necksr forming a deep gutter intended 
to contain themercury. The cap or lid of 
B enters this gutter and is properly Sttedtoitj^ 
having notchesinhn lower edge fc^ the passege 
ofthetubes which convey the gas. Thesetobefir 
instead of entering directly intnthe botties as 
in /the ordinary, apparatus, have a.doublobcnd 
for making them enter the gutter, as.iepiies 
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aented m and {6r makbg them fit the 

Botches ofthe cap B ; they rise agaia from the 
gutter to enter the inside*^ the bottle over the 
border Of the inner mouth. When the tubeis are 
disposed in their proper places and the cap 
firi^y fitted on, the gutter is iMled with mer^ 
eury,’ by which means the bottle, is completely 
exelud^ from any communication, excepting 
through the tubes. This apparatus may be very 
convenient in many, operations in which the 
substances employed have no action upon 
mercury; Plate xn, Fig. 14t represents an ap- 
paratus upon this principle properly fitt^ 
together. 

M. Seguin, to whose active and intelligent 
assistance I have been very frequ^tly much 
indebted, has bespoken for me, at the glass* 
houses, some retorts hermetically united to 
their recipients, by which luting will be alto- 
gether unnecessary. 

CHAPTER VIII 

Of Operatiom upon Combustion and Deflagra- 
tion 

Section I Of Combustion in General 

Combustion, according to what has been al- 
ready said in the first part of this work, is the 
deccHuposition of oxygen gas produced by a 
combustible body. The oxygen which forms 
the base of this gas is absorbed by and enters 
into combination with the burning body, while 
the caloric and light are set free. Every com- 
bustion, therefore, necessarily supposes oxy- 
genation; whereas, on the contrary, every oxy- 
genation does not necessarily imply ooncomi-^ 
tant combustion; because combustion, prop- 
erly so called, cannot take place without dis- 
eng^ement of caloric and fight. Before com- 
bustion can take place, it is necessary that the 
base of oxygen ps should have g^ter affinity 
to thie combustible body than it has to caloric; 
and‘ this elective attraction, to use Bergman’s 
expression, oan only take place at a .certain de- 
gree of temperature, which is different for each 
combustible substance; hence the necessity of 
givinga first motion or be^nning tp every com*^ 
bustion by the approach of a heated body^. 
This necessity of heating any body we mean to 
burn depends certain considerationa, 
which havenot hitherto beenattended to by^y 
natural philoeoj^er, for which reason X 
ehlamia Uttle upon the subject in this places 
. > Nainmsat presentin a state of equMibriuin, 
oannot We bean attained unw ell, the 


spontaneous oondnistions or oxygenations po»* 
Slide in the ordiiiary degrees ot tempwnture 
had taken place. Hence, no new combustions 
or oxygenatbns can happen without destroy- 
ing this equilibrium and raising the combust- 
ible substances to a superior degree of temper- 
ature. To illustrate this abstract view of the 
matter by example: let us suppose the usual 
temperature of the earth a little changed, and 
that it is raised only to the degree of boiling 
water; it is evident that, in this case, phos- 
phorus, which is combustible in a considerably 
lower degree of temperature, would no longer 
exist in nature in its pure and simple state but 
would always be procured in its acid or oxy- 
genated state, and its radical would become one 
of, the substances unknown to chemistry. By 
gradually increasing the temperature of the 
earth the same circumstance would successive- 
ly happen to all the bodies capable of combus- 
tion; and, at last, every possible combustion 
ha'ring taken place, there would no longer ex- 
ist any combustible body whatever, as every 
substance susceptible of that operation would 
be oxygenated and consequently incombust- 
ible. 

There cannot therefore exist, so far as relates 
to us, any combustible body, except such as 
are incombustible in the ordinary temperatures 
of the earth; or, which is the same thing in 
other words, that it is essential to the nature of 
every combustible body not to possess l^e 
property of combustion, unless heat^, or raised 
to the degree of temperature at which its com- 
bustion naturally tWs place. When this de- 
gree is once produced, combustion commences, 
and the caloric which is disengaged by the de- 
composition of the oxygen gas keeps up the 
temperature necessary for continuing combus- 
tion. When this is not the case, that is, when 
the disengaged caloric is insuffici^t for keep- 
mg up the necessity temperature, the combus- 
tion ceases. This circumstance is expressed, in 
common language by saying that a body bums 
iU or with, difficulty. 

Although combustion possesses 8(«neoircmn- 
stancesin common with distillation, especially 
with tiiecompound kind of that operation, thqy 
differ in a very .material point. In distiUathm 
there is aseparation of one part of thedemmite 
of the substance from each other, and a etMOi- 
bination of these in a new order, ooeasiopiedby 
ti^e, affinities which take.pkoe in the lUcreamA 
temperature produced during di^iHation. This 
likewise happens in combustion, but witii this 
farther circumstance, that a nenr dement, not 
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originally in the body^ is brou^t into action; 
oxygen is added to the substance submitted to 
the operation, and caloric is disengaged. 

The necessity of employing oxygen in the 
state of gas in all experiments with combustion, 
and the rigorous determination of the quanta 
ties employed, render this kind of operations 
peculiarly troublesome. As almost all the prod- 
ucts of combustion are disengaged in the state 
of gas, it is still more difficult to retain them 
than even those furnished during compound 
distillation; hence this precaution was entirely 
neglected by the ancient chemists; and this set 
of experiments exclusively belong to modem 
chemistry. 

Having thus pointed out, in a general way, 
the objects to be had in view in experiments 
upon combustion, I proceed, in the following 
aections of this chapter, to describe the differ- 
ent instruments 1 have used with this view. 
The following arrangement is formed, not upon 
the nature of the combustible bodies, but upon 
that of the instruments necessary for combus- 
tion. 

Section II Of the Combustion of Phosphorus 

In these combustions we begin by filling a 
jar, capable at least of holding six pints, with 
oxygen gas in the water apparatus (Plate v. 
Fig. 1 ) ; when it is perfectly full, so that the gas 
begins to flow out below, the jar. A, is carried 
to the mercury apparatus (Plate iv. Fig. S). 
We then dry the surface of the mercury, both 
within and without the jar, by means of blot- 
ting-paper, taking care to keep the paper for 
some time entirely immersed in the mercury 
before it is introduced under the jar, lest we let 
in any common air, which stic^ very obsti- 
nately to the surface of the paper. The body to 
be submitted to combustion, being first very 
accurately weighed in nice scales, is placed in 
a small flat shallow dish, D, of iron or porce- 
lain; this is covered by the larger cup P, which 
serves the office of a diving bell, andthe whole 
is passed throu^ the mercury into the jar, 
afto which the larger cup is retired. The diffi- 
culty of passing the materials of combustion in 
this manner tiirough themercury may beavoid- 
ed by raising one of the sides of the jar. A, for 
a moment, and slipping in the little cup, D, 
with the combustible b^y as quickly as pos- 
sible. In this mann^ oi operating, a small quan- 
of common air gets into the jar, but it is so 
iOhonsiderable aS not to injure either the 
pk^gress or accuracy of the e:q)mment in any 
sei^ble degree. 


When the cup, D, is introduced imder the 
jar, we suck out a part of the oxygen gas, so as 
to raise the mercury to EP, as formerly direct- 
ed, Part I, Chapter V; otherwise, when the 
combustible body is set on fire, the gas becom- 
ing dilated woidd be in part forced out, and we 
should no longer be able to make any accurate 
calculation of the quantities before and after 
the experiment. A very convenient mode of 
drawing out the air is by means of an air-pump 
syringe adapted to the siphon, GHI, by which 
the mercury may be raised to any degree under 
twenty-eight inches. Very inflammable bodies, 
as phosphorus, are set on fire by meakis of the 
crooked iron wire MN (Plate iv. Fig. td) made 
red hot and passed quickly through the mer- 
cury. Such as are less easily set on fii« have a 
small portion of tinder, upon which aWinute 
particle of phosphorus is fixed, laid upon them 
before using the red hot iron. \ 

In the first moment of combustion the air, 
being heated, rarifies, and the mercury de- 
scends; but when, as in combustions of phos- 
phorus and iron, no elastic fluid is formed, ab- 
sorption becomes presently very sensible, and 
the mercury rises high into the jar. Great at- 
tention must be used not to burn too large a 
quantity of any substance in a given quantity 
of gas, otherwise, towards the end of the exper- 
iment the cup would approach so near the top 
of the jar as to endanger breaking it by the 
great heat produced and the sudden refrigera- 
tion from the cold mercury. For the methods 
of measuring the volume of the gases, and for 
correcting the measures according to the height 
of the barometer and thermometer, Ac., see 
Chapter II, Sections V and VI of this part. 

The above process answers very well for 
burning all the concrete substances, and even 
for the fixed oils. These last are burnt in lamps 
under the jar and are readily set on fire by 
means of tinder, phosphorus, and hot iron. But 
it is dangerous for substances susceptible of 
evaporating in a moderate heat, such as ether, 
alcohol, and the essential oils ; these substances 
dissolve in considerable quantity in oxygen gas ; 
and, when set on fire, a dangerous and sudden 
explosion takes place, which carries up the jar 
to a great height, and dashes it in a thousand 
pieces. From two such explosions some of the 
members of the Academy and myself escaped 
v^ narrowly. Besides, &ough this manner of 
operating is sufficient for determining pretty 
accurate]^ the quantity of oxygen gas absorbed 
and of carbonic acid produced, as water is I&e- 
wlse formed in all experiments Upon vegetabte 
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and animal matters which cont^ an excess of 
hydrogen, this apparatus can neither collect it 
n^ determine ite quantity. The experiment 
with phosphorus is even incomplete in this way, 
as it is impossible to demonstrate that the 
weight of the phosphoric acid produced is equal 
to the sum of the weights of the phosphorus 
burnt and oxygen gas absorbed during the 
process. I have been, therefore, obliged to vary 
the instruments according to circumstances, 
and to employ several of different kinds, which 
1 shall describe in their order, beginning with 
that used for burning phosphorus. 

Take a large balloon A (Plate iv. Fig. 4) of 
crsrstal or white glass, with an opening, EF, 
about two inches and a half or three inches di- 
ameter, to which a cap of brass is accurately 
fitted with emery, and which has two holes for 
the passage of the tubes xs^x^yyy. Before shut- 
ting the balloon with its cover, place within it 
the stand, BC, supporting the cup of porcelain 
D, which contains the phosphorus. Then lute 
on the cap with fat lute and allow it to dry for 
some days and weigh the whole accurately; 
after this exhaust the balloon by means of an 
air-pump connected with the tube xxx^ and 
fill it with oxygen gas by the tube yyy^ from 
the gasometer (Plate viii. Pig. 1) described 
Chapter II, Section II, of this part. The phos- 
phorus is then set on fire by means of a burn- 
ing-glass and is allowed to burn till the cloud 
of concrete phosphoric acid stops the combus- 
tion, oxygen gas being continually supplied 
from the gasometer. When the apparatus has 
cooled, it is weighed and unluted; the tare of 
the instrument being allowed, the weight is that 
of the phosphoric acid contained. It is proper, 
for greater accuracy, to examine the air or gas 
contained in the balloon after combustion, as 
it may happen to be somewhat heavier or lighter 
than common air; and tibis difference of weight 
must be taken into account in the calculations 
upon the results of the experiment. 

Suction III Of the Combuetion of Charcoal 

The apparatus I have employed for this proc- 
ess consists of a small conical furnace of ham- 
mered copper, represented in perspective, Plate 
XII, Fig. 9f and internally displayed Fig. IL It 
is divided into the furnace, ABC, where the 
charcoal is burnt, the grate, de, and the ash- 
hole, F; the tube, GH, in the middle of the 
dome of the furnace serves to introduce the 
charcoal, and as a chimney for carrying off the 
which has served for combustion. , Through 
the tube, Imn, which communicates with the 


gasometer, the hydrogen gas, or air, intended 
for supporting the combustion, is conveyed in- 
to the ash-hole, F, whence it is forced, by the 
application of pressure to the gasometer, to 
pass through the grate, da, and to blow upon 
theburningcharcoal placed immediatelyabove. 

O^gen gas, which forms *Jfooof atmospheric 
air, is changed into carbonic acid gas during 
combustion with charcoal, whilst the aaotic 
gas of the air is not altered at all. Hence, after 
the combustion of charcoal in atmospheric air, 
a mixture of carbonic acid gas and azotic gas 
must remain; to allow this mixture to pass off, 
the tube, op, is adapted to the chimney, GH, 
by means of a screw at G, and conveys the gas 
into bottles half filled with solution of caustic 
potash. The carbonic acid gas is absorbed by 
the alkali, and the azotic gas is conveyed into 
a second gazometer where its quantity is as- 
certained. 

The weight of the furnace, ABC, is first ac- 
curately determined ; then introduce the tube 
RS, of known weight, by the chimney, GH, till 
its lower end S rests upon the grate, de, which 
it occupies entirely; in the next place, fill the 
furnace with charcoal and weigh the whole 
again, to know the exact quantity of charcoal 
submitted to experiment. The furnace is now 
put in its place, the tube, Zmn, is screwed to 
that which communicates with the gazometer, 
and the tube, op, to that which communicates 
with the bottles of alkaline solution. Every- 
thing being in readiness, the stop-cock of the 
gazometer is opened, a small piece of burning 
charcoal is thrown into the tube, RS, which is 
instantly withdrawn, and the tube, op, is 
screwed to the chimney, GH. The little piece 
of charcoal falls upon the grate, and in this 
manner gets below the whole charcoal, and is 
kept on fire by the stream of air from the ga- 
zometer. To certain that the combustion is 
begun, and goes on properly, the tube, grs, is 
fixed to the furnace, having a piece of glass ce- 
mented to its upper extremity, «, throu^ which 
we can see if the charcoal be on fire. 

I neglected to observe above that the fur- 
nace a^ its appendages are plunged in water 
in the cistern TVXY (Plate xii. Fig, Jl)^ to 
which ice may be added to moderate the heat, 
if necessary; though the heat is by no means 
very considerable, as there is no air but what 
comes from the gazometer, and no more of the 
charcoal bums at one time than what is inmied- 
iately over the grate. 

As one piece of charcoal is consumed nnqlh^ 
fUls down into its place, in consequence of the 
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dedSvity of tho sides (at the fumeoe; lihis gets 
i&td streattL of air from the grate, ie, and 
is burnt; and so on, successively, till ^ole 
charcoal is consumed. The air which has served 
the purpose of the combustion passes through 
the mass of charcoal and is forced by the pres* 
sure of the gasometer to escape t^u^ the 
tube, op, and to pass through the bottles of 
alkaline solution. 

This experiment furnishes all the necessary 
data for a complete analytic of atmospheric air 
and of charcoal. We know the weight of char- 
coal consumed; the gasometer gives us the 
measure of the air employed; the quantity and 
quality of gas remaining after combustion may 
to determined as it is received, either in 
other gasometer, or in jars, in a pneumato- 
chemical apparatus; the weight of ashes re- 
maining in the ash-hole is readily ascertained ; 
.and, finally, the additional weight acquired 
by the bottles of alkaline solution gives the 
exact quantity of carbonic acid formed dur- 
ing the process. By this experiment we may 
likewise determine, with sufficient accuracy, 
the proportions in which charcoal and oxy- 
gen enter into the composition of carbonic 
acid. 

In a future Mimoire I shall ^ve an account 
to the Academy of a series of experiments I 
have undertaken with instrument upon all the 
vegetable and animal charcoals. By some very 
sti^t alterations, this machine may be made 
to answer for observing the principal phenom^ 
ena of respiration. 

SaqTioN Vf Of (he Combustion of Oils 

Oils are more compound in their nature than 
eharcoat, being formed by the combination of 
at least tw6 tiements, charcoal and hydrogen; 
of course, after their combustion in common 

water, carbonic acid gas, and azotic gas 
remain. BD^oe the apparatus ^ployed for 
their cmnbustion requires to be ^apted 
hr collecting these three products, and is Con^ 
sequently more complicated than the charcoal 
furnace. 

The apparatus I employ for this purpose is 
compost of a large jar or pitcher A (Plate 
Fig. 4)f surround^ at its upper edge by a rim 
of iron imperiy hemerrted at DE a^ receding 
fiom the jar at BC so as to leave a furrow or 
gutter it x between it and the outside of the jar 
scmiewbatmorethan twbintiiesdeep. Thecover 
or lid of the jar {Fig. 5) is likewise surroimdcdl 
Ifon rim^/^, which adjusts into the ^t- 
itgts:xtFig,4) which, befait filled irithmtiromy^, 


has the effect of tiosmg the jai^iimibtioallt te 
an instant, without uting any lute; and,asithe 
gutter ^ hold abcait two inches of mereury, 
the air in the jar may be made to sustain tiie 
pressure of more than two feet of water, with^ 
out dan^ of its escaping. 

The lid has four holes, Thik^ for^ the pas- 
sage of an equal number of tubes. The‘ opening 
T is furnished with a leather box, throiigh which 
passes the rod {Fig. S) intended for raising and 
lowering the wick of the lamp, as will be after^ 
wards directed. The three other hdes are in- 
tended for the passage of three several tubes, 
one of which conveys the oil to the lamp, a sec- 
ond conveys air for keeping up the combustion, 
and the third carries off the air, afUr it has 
served for combustion. The lamp in which the 
oil is burnt is represented Fig. IB; a is the resei^ 
voir of oil, having a funnel by which it^s filled ; 
bcdefgh is a siphon which conveys the oil to 
the lamp 11 ; 7, 8, 6, 10, is the tube which con- 
veys the air for combustion from the gasom- 
eter to the same lamp. The tube 5 c is formed 
externally, at its lower end 5, into a male screw, 
which turns in a female screw in the lid of the 
reservoir of oil o; so that, by turning the resen- 
voir one way or the other, it is made to rise or 
fall, by which the oil is kept at the necessary 
level. 

When the siphon is to be filled, and the com- 
munication formed between the reservoir of oil 
and the lamp, the stop-cock c is shut and that 
at e opened, oil is poured in by the opening/ at 
the top of the siphon till it rises within three or 
four lines of the upper edge of the lamp; the 
stop-cock k is then shut and that at c opened; 
the oil is then poured in at /, till the branch 
bed of the siphon is filled, and then the stop- 
cock e is clo^. The two branches of the siphon 
bting now completely filled, a ccanmuhication 
is fuUy estaUisfaed t^ween the reservoir and 
the lamp. 

In Plate xn, Fig. Jf , all the parts of tiie lamp 
11 {Fig. B). are represented magnified, to shpw 
them distinctly^ The tube ik carries the Oil 
from the reservoir to the cavity a a ao, which 
contains the wick; the tifibe 9, IQl brings the air 
from the gasometer for keeping upf^he coi^tus- 
tion; this air Spreads through the cavity 
arid, by means bf the-passa^ co6c ai^ bhhh^ 
ia distributed on each side of the witic, aftti* 
the principles of tiie lamps instructed by 
find, Quinqaeti and Jjange. ^ 

Tb render the whole rif this compficiat^ ep 
paratiis more entity understood, arid that 
description may all otiiers trf tibe 
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Mnrf ii«Mre r«Etdily lolloweld, it is reprejS^tited 
c^MpIeMIy connoted together fdr in Plate 
ti- The gazoiheter P fumishes air for the com- 
busfiion by the tube and stop-cock 1, 2; the 
tul^ 2, 3, communicatee with a eecoi^d gazom- 
^ter, \mch. is filled whilst the first one is emp- 
tying during the prOcesfe, that there may be no 
interruption to the combustion; 4; 6, is a tube 
of glass filled with deliquescent salts^ for drying 
the air as much as possible in its passage; and 
the weight of this tube and its' contain^ salts, 
at the beginning of the experiment being known, 
ii is ^sy to determine the quantity of water 
absorbed by them from the air. Prom this deli- 
quescent tube the air is conducted through the 
pipe 5, 6, 7, 8, 9, 10, to the lamp 11, where it 
spreads on both sides of the wick, as before de- 
scribed, and feeds the flame. One part of this 
air, which serves to keep up the combustion of 
the oil, forms carbonic acid gas and water by 
oxygenating its elements. Part of this water 
condenses uix)n the sides of the pitcher A, and 
another part is held in solution in the air by 
means of caloric furnished by the combustion. 
This air is forced by the compression of the ga- 
someter to pass through the tube 12, 13, 14, 
15, into the bottle 16, and the worm 17, 18, 
where the water is fully condensed from the 
refrigeration of the air; and, if any water still 
remains in solution, it is absorbed by deliques- 
cent salts contained in the tube 19, 20. 

All these precautions are solely intended for 
collecting and determining the quantity of wa- 
ter formed during the experiment ; the carbonic 
acid and azotic gas remains to be ascertained. 
The former is absorbed by caustic alkaline so- 
lution in the bottles 22 and 25. 1 have only rep- 
resented two of these in the figure, but nine at 
least are requisite; and the last of the series may 
be hnlf filled with lime-water, which is the most 
certain reagent for indicating the presence of 
carbonic acid ; if the lime-water is not rendered 
turbid, we may be certain that no sensible quan- 
tity of that acid remains in the air. 

The rest of the air which has served for com- 
bustion; and which chiefly consists of azotic gas, 
thou^ still mixed with a considerable portion 
of oxygen gas which has escaped unchanged 
from the combustion, is carried through a thi^d 
tube 28, 29; of deliquescent saltsy to deprive It 
6f any moisture it may have acquired in the 
bottles of alkaline solution and Ihne-Water, and 
12^ thence by the tube 29; 30; into a gazom- 
eter, where its quantity is asceriained* Small 
then it, wUdi ex- 

awciMon ^ sul^ of potash^ to 


ascertain the proportions of oxygen and aaotic 
gas it contains. 

In the combustion of oils the wick becomes 
charred at last and obstructs the rise of the oil; 
besides, if we raise the wick above a o«rtain 
height, more oil rises through its capillary tubes 
than the stream of air is capable of consuming, 
and smoke is produced. Hence it is necessary 
to be able to lengthen or shorten the wick withi- 
out opening the apparatus ; this is accomplished 
by means of the rod 31, 32, 33, 34, which passes 
through a leather-box and is connected with 
the support of the wick; and that the motion 
of this rod, and consequently of the wick, may 
be regulated with the utmost smoothness and 
facility, it is moved at pleasure by a pinion 
which plays in a toothed rack. The rod, with 
its appendages, are represented Plate xii, Fig, 
3, It appeared to me that the combustion would 
be assisted by surrounding the flame of the 
lamp with a small glass jar open at both ends, 
as represented in its place in Plate xi. 

I shall not enter into a more detailed descrip- 
tion of the construction of this apparatus, which 
is still capable of being altered and modified in 
many respects, but shall only add that when it 
is to be used in experiment, the lamp and reser^ 
voir with the contained oil mast be accurately 
weighed, after which it is placed as before di- 
rected and lighted; having then formed the 
connection between the ait in the gazomSter 
and the lamp, the external jar A (Plate Xt) is 
fixed over all and secured by means of the 
board BC and two rods of iron which connect 
this board with the lid and are screwed to it. 
A small quantity of oil is burnt while the jar is 
adjusting to the lid, and the product of that 
combustion is lost; there is likewise a small 
portion of air from the gazometer lost at the 
same time. Both of these are of very inconsid- 
erable consequence in extensive experimaits, 
and they are even capable of being valued in 
our calculation of the results. 

In a particular Mimoirej I shall give an ac- 
count to the Academy of the difficulties inse|>* 
arable from this kind of experiment. These are 
so insurmountable and troublesome that Ihave 
not hitherto been able to obtain any rigorous 
determination of the quantities of the {mduels. 
I have sufficient proof; however, thattlke*%ed 
Oils' are entirely resolved during oombuirtlon 
into water and carbonic acid gas; and oonee- 
quently that they are oompc^ of h 3 ^rO- 
gen and chaFcoai ; but I have no certain 
iedge respecting the piopoitions of these in- 
gredients. 
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From all these difficulties. I have been hitb« 
Section Y Of the Ctmibustion of Alcohol obliged to confine myself to experiments 

The combustion of alcohol may be very read- upon very small quantities of alcohol, or at 


ilyperformedintheapparatusalreadydescribed 
for the combustion of charcoal and phosphorus. 
A lamp filled with alcohol is placed under the 
jar A (Plate iv, Fig, S)^ a small morsel of phos«- 
phorus is placed upon the wick of the lamp, 
which is set on fire by means of the hot iron, as 
before directed. This process is, however, liable 
to considerable inconvenience; it is dangerous 
to make use of oxygen gas at the beginning of 
the experiment for fear of deflagration, which 
is even liable to happen when common air is 
employed. An instance of this had very near 
proved fatal to myself, in presence of some 
members of the Academy. Instead of preparing 
the experiment, as usual, at the time it was to 
be performed, I had disposed everything in or- 
der the evening before; the atmospheric air of 
the jar had thereby sufficient time to dissolve a 
good deal of the alcohol; and this evaporation 
had even been considerably promoted by the 
height of the column of mercury, which I had 
raised to EF (Plate iv. Fig, S). The moment I 
attempted to set the little morsel of phosphorus 
on fire by means of the red hot iron, a violent 
explosion took place, which threw the jar with 
great violence against the floor of the labora- 
tory and dashed it in a thousand pieces. 

Hence we can only operate upon very small 
quantities, such as ten or twelve grains of alco- 
hol, in this manner; and the errors which may 
be committed in experiments upon such small 
quantities prevents our placing any confidence 
in their results. 1 endeavoured to prolong the 
combustion, in the experiments contained in 
the Recvoil de VAcadSmie for 1784, p. 593, by 
lighting the alcohol first in common air and 
fumisl^g oxygen gas afterwards to the jar, in 
'^proportion as it consumed; but the carbonic 
acid gas produced by the process became a 
great hinderance to the combustion, the more 
so that alcohol is but difficultly combustible, 
especially in worse than common air; so that 
even in this way very email quantities only 
could be burnt. 

Perhaps this combustion might succeed bet- 
ter in the oil apparatus (Plate xi) ; but I have 
not hitherto ventured to try it. The jar A in 
which the combustion is performed is near 1400 
cuUc inches in dimension; and, were an explo- 
sion to take place in such a vessel, its cons^ 
qvmces would be very terrible and very diffi- 
to guard ag^nst. 1 have not^ however, de- 
spaired of making the attempt. 


least to combustions made in open vessels, such 
as that represented in Plate ix. Fig, S, which 
will be described in Section Y II of this (^pter. 
If I am ever able to remove these difficulties, I 
shall resume this investigation. 

Section VI Of the Combustion of Ether 

Tho' the combustion of ether in close vessels 
does not present the same difficulties as that of 
alcohol, yet it involves some of a different kind, 
not more easily overcome, and which still pre- 
vent the* {Progress of my experiments. I endeav- 
oured to profit by the property which ether 
possesses of dissolving in atmospheric air and 
renderingit inflammable withoutexploMon.For 
this purpose, I constructed the res^oir of 
ether ahcd (Plate xii. Fig, 8), to which air is 
brought from the gasometer by the tube 1, 2, 
3, 4. This air spreads, in the first place, in the 
double lid oc of the reservoir, from which it 
passes through seven tubes e/, gh^ ik, Ac., which 
descend to the bottom of the ether, and it is 
forced by the pressure of the gasometer to boil 
up through the ether in the reservoir. We may 
replace the ether in this first reservoir, ip pro- 
portion as it is dissolved and carried off by the 
air, by means of the supplementary reservoir 
E, connected by a brass tube fifteen or eighteen 
inches long and shut by a stop-cock. This length 
of the connecting tube is to enable the descend- 
ing ether to overcome the resistance occasioned 
by the pressure of the air from the gasometer. 

The air, thus loaded with vapours of ether, 
is conducted by the tube 5, 6, 7, 8, 9, to the jar 
A, into which it is allowed to escape through a 
capillary opening, at the extremity of which it 
is set on fire. The air, when it has served the 
purpose of combustion, passes through the bot- 
tle 16 (Plate xi), the worm 17, 18, and the deli- 
quescent tube 19, 20, after which it passes 
through the alkaline ^ttles; in these its car- 
bonic acid gas is absorbed, the water formed 
during the experiment having been previously 
deposited in the former parts of the apparatus. 

When I caused this apparatus constructed, I 
supposed that the combination of atmospheric 
air and ether formed in the reservoir abed 
(Plate XII, Fig, 8) was in proper proportion for 
supporting combustion; but in this I was mis** 
tak^; for there is a very considerable quantity 
of excess of ether; so that an additional quan- 
tity of atmospheric air is necessary to enable it 
to bum fully. Hence a lamp constructed upon 
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these principles will bum in common air, which 
furnishes the quantity of oxygen necessary for 
combustion, but will not burn in dose vessels 
in which the air is not renewed. From this cir- 
cumstance, my ether lamp went out soon after 
being lighted and shut up in the jar A (Plate 
XII, Fig, 8), To remedy this defect, I endeav- 
oured to bring atmospheric air to the lamp by 
the lateral tube 10, 11, 12, 13, 14, 15, which 1 
distributed circularly round the flame; but the 
flame is so exceedingly rare that it is blown out 
by the gentlest possible stream of air, so that 1 
have not hitherto succeeded in burning ether. 
I do not, however, despair of being able to ac- 
complish it by means of some clmnges I am 
about to have made upon this apparatus. 

Section VII 0/ the Cowhueiwn of Hydrogen 

Gas and the Formation of Water 

In the formation of water, two substances, 
hydrogen and oxygen, which are both in the 
aeriform state before combustion, are trans- 
formed into liquid or water by the operation. 
This experiment would be very easy and would 
require very simple instruments, if it were pos- 
sible to procure the two gases perfectly pure, 
so that they might bum without any residuum. 
We might, in that case, operate in very small 
vessels and, by continually furnishing the two 
gases in proper proportions, might continue the 
combustion indefinitely. But, hitherto, chem- 
ists have only employed oxygen gas mixed with 
azotic gas; from which circumstance, they have 
only been able to keep up the combustion of 
hydrogen gas for a very limited time in close 
vessels, because, as the residuum of azotic gas 
is continually increasing, the air becomes at 
last so much contaminated that the flame weak- 
ens and goes out. This inconvenience is so much 
the greater in proportion as the oxygen gas em- 
ployed is less pure. From this circumstance, we 
must either be satisfied with operating upon 
small quantities or must exhaust the vessels at 
intervals, to get rid of the residuum of azotic 
gas; but, in this case, a portion of the water 
formed during the experiment is evaporated by 
the exhaustion; and the resulting error is the 
more dangerous to the accuracy of the process, 
so that we have no certain means of valuing it. 

These considerations make me desirous to 
repeat the principal experiments of pneumatic 
chemistry with oxygen gas entirely free from 
any admixture of azotic gas; and this may be 
procured from oxygenat^ muriate of potash. 
The oxyg^ gas extracted from this salt does 
not appear to contain azote, unless accident^ 
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ally, so that, by proper precautions, it may be 
obtained perfectly pure. In the mean time, the 
apparatus employ^ by M. Meusnier and me 
for the combustion of hydrogen gas, which is 
described in the experiment for recomposition 
of water. Part I, Chapter VIII, and need not 
be here repeated, will answer the purpose; when 
pure gases are procured, this apparatus will re- 
quire no alterations, except tl^t the capacity 
of the vessels may then be diminished. 

Plate IV, Fig, 5, 

The combustion, when once begun, continues 
for a considerable time but weakens gradually, 
in proportion as the quantity of azotic gas re- 
maining from the combustion increases, till at 
last the azotic gas is in such over proportion 
that the combustion can no longer be support- 
ed, and the flame goes out. This spontaneous 
extinction must be prevented, because, as the 
hydrogen gas is pressed upon in its reservoir, 
by an inch and a half of water, whilst the oxy- 
gen gas suffers a pressure only of three lines, 
a mixture of the two would take place in the 
balloon, which would at last be forced by the 
superior pressure into the reservoir of oxygen 
gas. Wherefore the ccwnbustion must be stop- 
ped by shutting the stop-cock of the tube dDd 
whenever the flame grows very feeble; for 
which purpose it must be attentively watched. 

There is another apparatus for combustion, 
which, though we cannot with it perform ex- 
periments with the same scrupulous exactness 
as with the preceding instruments, gives very 
striking results that are extremely proper to be 
shown in courses of philosophical chemistry. It 
consists of a worm EF (Plate ix. Fig, 6) con- 
tained in a metallic cooler ABCD. To the up- 
per part of this worm E, the chimney GH is 
fixed, which is composed of two tubes, the in- 
ner of which is a continuation of the worm, md 
the outer one is a case of tin-plate, which sur- 
rounds it at about an inch distance, and the in- 
terval is filled up with sand. At the inferior ex- 
tremity K of the inner tube, a glass tube is 
fixed, to which we adopt the Argand lamp LM 
for burning alcohol, &c. 

Things being thus disposed, and the lamp 
being fiUed wito a determinate quantity of al- 
cohol, it is set on fire; the water which is formed 
during the combustion rises in the chimney KE, 
and, l^ng condensed in the worm, runs out at 
its extremity F into the bottle P. The doulde 
tube of the chimney, filled with sand in the in- 
terstice, is to prevent the tube from cooling in 
its upper part and condensing the water; other- 
wise, it would fall back in the tube, and we 



m 


flhould not ba able to aeoertain iti quamtity* 
mad besides it isdght fall in drops upon tberwiok 
mi extinguish the flame* The intention of this 
construction is to keep the chimney always hot 
and the worm always cool, that the water may 
be preserved in the state of vapour whilst ria* 
ing and may be condensed immediately upon 
getting into the descending part of the appaia- 
tw. By this instrument, which was contrived 
fay M* Meusnier, and which is described by 
me in the Recueil de VAcaMmie for 1784, p. 
593, we may, with attention to keep the worm 
always cold, collect nearly seventeen ounces of 
water from the combustion of sixteen ounces 
of alcohol. 

Section VIII Of the Oxidation of Metals 

The term oxidation or cakinaJbion is chiefly 
used to signify the process by which metals ex- 
posed to a certain degree of heat are converted 
into oxides by absorbing oxygen from the air. 
This combination takes place in consequence 
of oxygen possessing a greater aflinity to meir 
als, at a certain temperature, than to calorie, 
which becomes disengaged in its free state ; but, 
as this disengagement, when made in common 
air, is slow and progressive, it is scarcely evi- 
dent to the senses. It is quite otherwise, how- 
ever, when oxidation takes place in oxygen gas ; 
for, teing produced with much greater rapidity, 
it is gener^ly accompanied with heat and light, 
so as evidently to show that metallic substances 
are real combustible bodies. 

All the metals have not the same degree of 
affinity to oxygen. Gold, silver, and platinum, 
for instance, are incapable of taking it away 
from its combination with caloric, even in the 
neatest known heat; whereas the other metals 
absorb it in a larg^ or smaller quantity, until 
the affinities of the metal to oxygen, and of the 
latter to caloric, are in exact equilibrium. In- 
deed, this state of equilibrium of aflSnities may 
be assumed as a general law of nature in all 
combinations. 

In all operations of this nature, the oxidation 
of metals is accelerated by giving iree access to 
the air; it is sometimes much assisted by join- 
ing the action of a bellows, which dii^ts a 
stream of airover thesurfaoe of the metal. This 
process becomes greatly more rapid if a stream 

oxygen gas be used, which is readily done by 
meansof thegasometerfmin^lydescribed. Tte 
in this case, throws outa brilliant flame^ 
and^heoxidation is very quickly accomplished; 
fm^^this method can offiy be in cmi- 

fidoflegq^eriments, on account of theexpenseof 


ihoeuringosygeagM^^ the essay of mes, and 
in all the common operations of the laboratory^ 
the calcination or oxidation of metab is usual- 
ly performed in a dish of baked clay (Plate xv, 
Fig. d), commonly called a roasting placed 
in a strong fumiace. The substances to oxi- 
dated are frequeatly stirred, on purpose to pre- 
sent fresh suifaces to the air. 

Whenever this operation is perfomwd upon 
a metal which is not volatile, and from>w^h 
nothing flies off into the surrounding air during 
the process, the metal acquires additional 
weight; but the cause of this increased weight 
during p^ation could never have b^ndiscov- 
ered by means of experiments performed in free 
air; and it is only since these operations have 
been performed in close vessels, ana in deter- 
minate quantities of air, that any just conjec- 
tures have been formed concerning the cause of 
this phenomenon. The first methodyor this 
purpose is due to Dr. Priestley, who exposes the 
meteltobe calcined in a porcelain cup N (Plate 
IV, Fig. ll)f placed upon the stand IK, under 
a jar A, in the basin BODE, full of water; the 
water is made to rise up to GH, by sucking out 
the air with a siphon, and the focus of a burn- 
ing glass is made to fall upon the metal. In a 
few minutes the oxidation takes place, a part of 
the oxygen contained in the air combines with 
the metal, and a proportional diminution of the 
volume of air is produced; what remains is 
nothing more than azotic gas, still however 
mixed with a small quantity of oxygen gas. I 
have given an account of a series of experiments 
made with this apparatus in my Physical and 
Chemical Essays, first published in 1773. Mer- 
cury may be us^ instead of water in this ex- 
periment, whereby the results are rendered still 
more conclusive. 

Another process for this purpose was invent- 
ed by M. Boyle, of which I gave an account in 
the Reoueil de VAcaMmie for 1774, p. 351. The 
metal is introduced into a retort (Plate Hi^ Fig. 

the beak ol which is hermetically sealed; 
the metal is then oxidated by means of heat ap- 
plied with great precaution. The wei^t of the 
vessel and its contained substances is not at dOi 
changed by this process, until the extiemity of 
the neck of the letort is broken; but, when that 
is done, the external air rushes in with a hissing 
noise. This operation is attended witifa daziger, 
unless a part of the air is driven out of the re- 
tort by means of beat before it is hemeticafly 
sealed^ as otiierwise the Tetcnrt would be apt to 
burst by the dilation of the air when plac^Sn 
the furnace* The quantity of air dsAum out 
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may be reorived under aia^ in the piieuma^ 
^eoucat apparatus, by which its quantity and 
that of the air remaining in the retort is aacer*- 
tained. 1 have not multiplied my experiments 
upon oxidation of metals so much as I could 
have wished; neither have I obtained satisfac- 
tory results with any metal except tim It is 
much to be wished that some person would 
undertake a series of experiments upon oxida*- 
tion of metals in the several gases; the subject 
is important and would fully repay any trouUe 
which this kind of experiment might occasion. 

As all the oxides of mercury are capable of 
revivifying without addition and restore the 
oxygen gas they had before absorbed, this seem- 
ed to be the most proper metal for becoming the 
subject of conclusive experiments upon oxida- 
tion. I formerly endeavoured to accomplish the 
oxidation of mercury in close vessels, by filling 
a retort, containing a small quantity of mer- 
cury, with oxygen gas, and adapting a bladder 
half full of the same gas to its beak; See Plate 
IV, Fig, 1^. Afterwards, by heating the mer- 
cury in the retort for a very long time, I suc- 
ceeded in oxidating a very small portion, so as 
to form a little red oxide floating upon the sur- 
face of the running mercury; but the quantity 
was so small that the smallest error committed 
in the determination of the quantities of oxy- 
gen gas before and after the operation must 
have tlirown very great uncertainty upon the 
results of the experiment. I was, besides, dis- 
satisfied with this process, and not without 
cause, lest any air might have escaped through 
the pores of the bladder, more especially as it 
becomes shrivelled by the heat of the furnace 
unless covered over with cloths kept constant^ 
ly wet. 

This experiment is performed with more cer^ 
tainty in toe. apparatus described in the Becfueil 
de VA4^ad6mie for 1775, p. 580. This consists of 
a retort A (Plate iv, Fig, £)<, having a crooked 
^ss tube BODE of ten or twelve lines internal 
diameter melted on to its beak, and which is 
engaged under toe bell glass FG, standing with 
its mouth downwards in a basin filled wito wa- 
ter or mercury* The retort is placed upon toe 
bars of toe furnace MMNN (Plate rv, Fig. 
or in A sand bath, and by means of this appa- 
ratus may, in toe course of several days, 
oxidate a smaU qqantity of mercury in com* 
mon air ; the red oxide floats upon the surface, 
from u^hieh it may be coflected and revivified, 
so as to compare toe quantity of oxyg^ ^ 
obtailjed, in revivification with toe id^rption 
place during oxidation* This kinti 


of experiment can only be performed updn a 
small scale, so that no very certain ocmduskniB 
can be drawn from toetn.^ 

The combustion of iron in oxygen gas being 
a true oridation of that metal, ought to be men- 
tioned in this place. The apparatus employed 
by M. Ingenhousz for this operation is repre- 
sented in Plate IV, Fig, 17; but, having already 
described it sufficiently in Chapter III, 1 shall 
refer the reader to what is said of it in that 
place. Iron may likewise be oxidated by com- 
bustion in vessels filled with oxygen gas, in the 
way already directed for phosphorus and toar- 
coal. This apparatus is represented in Plate iv. 
Fig, S, and described in the fifth chapter of the 
first part of this work. We learn from M. In- 
genhousz that all toe metals, except gold, sil- 
ver, and mercury, may be burnt or oxidat^ in 
the same manner, by reducing them into very 
fine wire or very thin plates cut into narrow 
slips; these are twisted round with iron-wire, 
which communicates the property of burning 
to toe other metals. 

Mercury is even wito difficulty oxidated in 
free air. In chemical laboratories, this process 
is usually carried on in a matrass A (Plate iv, 
Fig, 10), having a very flat body and a very 
long neck BC, which vessel is commonly called 
BoyWa hell, A quantity of mercury is intro- 
duced sufficient to cover toe bottom, and it is 
placed in a sand bath, which keeps up a oon^ 
stant heat approaching to that of boiling mer«- 
cury* By continuing this operation with five or 
six similar matrasses during several months, 
and renewing the mercury from time to time, a 
few ounces of red oxide are at last obtain^. 
The great slowness and inconvenience of this 
apparatus arises from the air not being suffici- 
ently renewed; but if, on toe other hand, too 
free a circulation were given to toe external air, 
it would carry off the mercury in solution in 
toe state of vapour, so toat in a few days none 
would remain in the vessel. 

As, of all the experiments upon toe oxidation 
of metals, those with mercury are toe most 
conclusive, it were much to be wished that a 
simple apparatus could be contrived by wMch 
this oxidation and its results might be demon- 
strated in public courses of chemistry. JTfais 
might, inmyopinion, beaocomplishedbymelh^ 
ods sunilat to those I have already described 
for toecombustion of charcoal and the 0ila;but| 
from other pursuits, I have not beenatde hith^ 
erto' to resume, this kind of experim^tii 

ifleeah aoeocmiof this eXpeiilxiimti' Plrtl, CHiIuh 
tsr m,*— Airmon. . 
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The oxide of mercury revives without addi- 
tion, by being heated to a slightly red heat. In 
this degree of temperature, oxygen has greater 
affinity to caloric than to mercury, and forms 
oxygen gas. This is always mixed with a small 
portion of azotic gas, which indicates that the 
mercury absorbs a small portion of this latter 
gas during oxidation. It almost always con- 
tains a little carbonic acid gas, which must un- 
doubtedly be attributed to the foulnesses of the 
oxide; these are charred by the heat, and con- 
vert a part of the oxygen gas into carbonic acid. 

If chemists were reduced to the necessity of 
procuring all the oxygen gas employed in their 
experiments from mercury oxidated by heat 
without addition, or, as it is called, calcined or 
precipitated per se, the excessive dearness of that 
preparation would render experiments, even 
upon a moderate scale, quite impracticable. 
But mercury may likewise be oxidated by means 
of nitric acid ; and in this way we procure a red 
oxide even more pure than that produced by 
calcination. I have sometimes prepared this ox- 
ide by dissolving mercury in nitric acid, evap- 
orating to diyness, and calcining the salt, either 
in a retort or in capsules formed of pieces of 
broken matrasses and retorts, in the manner 
formerly described; but I have never succeed- 
ed in making it equally beautiful with what is 
sold by the druggists, and which is, I believe, 
brought from Holland. In choosing this, we 
ought to prefer what is in solid lumps composed 
of soft adhering scales, as when in powder it is 
sometimes adulterated with red oxide of lead. 

To obtain oxygen gas from the red oxide of 
mercury, I usually employ a porcelain retort 
having a long glass tube adapted to its beak, 
which is engaged under jars in the water pneu- 
mato-chemical apparatus, and I place a bottle 
in the water, at the end of the tube, for receiv- 
ing the mercury, in proportion as it revives and 
distils over. As the oxygen gas never appears 
till the retort becomes red, it seems to prove 
the principle established by M. Berthollet that 
an obscure heat can never form oxygen gas and 
that light is one of its constituent elements. We 
must reject the first portion of gas which comes 
over as being mixed with common air, from 
what was contained in the retort at the begin- 
ning of the experiment; but, even with this 
precaution, the oxygen gas procured is usually 
contaminated with a tenth part of azotic gas 
and with a very small portion of carbonic acid 
gas! This latter is leadily got rid of, by making 
the gas pass throu^ a sdution of caustic alka- 
li ; but we know of no method for separatiiig the 


azotic gas; its proportions may however be as- 
certained, by leaving a known quantity of tiie 
oxygen gas contaminated with it for a fort*- 
night, in contact with sulphuret of soda or pot- 
ash, which absorbs the oxygen gas so as to con- 
vert the sulphur into sulphuric acid and leaves 
the azotic gas remaining pure. 

We may likewise procure oxygen gas from 
black oxide of manganese or nitrate of potash, 
by exposing them to a red heat in the appara- 
tus already described for operating upon red 
oxide of mercury; only, as it requires such a 
heat as is at least capable of softening glass, we 
must employ retorts of stone or of porcelain. 
But the purest and best oxygen gas is what is 
disengaged from oxygenated muriate of potash 
by simple heat. This operation is performed in 
a glass retort, and the gas obtained is perfectly 
pure, provided that the first portions, which 
are mixed with the common air of th^ vessels, 
be rejected. 

CHAPTER IX 
Of Dejlagraiion 

I HAVE already shown, Part I, Chapter IX, 
that oxygen does not always part with the 
whole of the caloric it contained in the state of 
gas when it enters into combination with other 
bodies. It carries almost the whole of its caloric 
alongst with it in entering into the combina- 
tions which form nitric acid and oxygenated 
muriatic acid; so that in nitrates, and more es- 
pecially in oxygenated muriates, the oxygen is, 
in a certain degree, in the state of oxygen gas, 
condensed, and reduced to the smallest volume 
it is capable of occupying. 

In these combinations, the caloric exerts a 
constant action upon the oxygen to bring it 
back to the state of gas; hence the oxygen ad- 
heres but very slightly, and the smallest addi- 
tional force is capable of setting it free; and, 
when such force is applied, it often recovers the 
state of gas instantaneously. This rapid passage 
from the solid to the aeriform state is called 
detonation, or f ulmination, because it is usually 
accompanied with noise and explosion. Defied 
grations are commonly produced by means of 
combinations of charcoal either with nitre or 
oxygenated muriate of potash; sometimes, to 
assist the inflammation, sulphur is added; and, 
upon the just proportion of these ingredients, 
and the proper manipulation of the mixture, 
depends the art of making gun-powder. 

As oxygen is changed, by deflagration with 
eharcoal, into carbonic acid, instep of oxygen 
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gas, carbomo acid gas is disengaged, at least 
when the mixture ^ been made in just pro- 
portions. In deflagration with nitre, asotic gas 
is likewise disengaged, because azote is one of 
the constituent elements of nitric acid. 

The sudden and instantaneous disengage- 
ment and expansion of these gases is not, how- 
ever, suflicient for explaining all the phenom- 
ena of deflagration; because, if this were the 
soleoperating power, gun-powder would always 
be BO much the stronger in proportion as the 
quantity of gas disengaged in a given time was 
the more considerable, which does not always 
accord with experiment. I have tried some kinds 
which produced almost double the effect of or- 
dinary gun-powder, although they gave out a 
sixth part less of gas during deflagration. It 
would appear that the quantity of caloric dis- 
engaged at the moment of detonation contrib- 
utes considerably to the expansive effects pro- 
duced; for, although caloric penetrates freely 
through the pores of every body in nature, it 
can only do so progressively, and in a given 
time; hence, when the quantity disengaged at 
once is too large to get through the pores of 
the surrounding bodies, it must necessarily act 
in the same way with ordinary elastic fluids 
and overturn everything that opposes its pas- 
sage. This must, at least in part, take place 
when gun-powder is set on Are in a cannon; as, 
although the metal is permeable to caloric, the 
quantity disengaged at once is too large to And 
its way through the pores of the metal, it must 
therefore make an effort to escape on every 
side;and, as the resistance all around, excepting 
towards the muzzle, is too great to be overcome, 
this effort is employed for expelling the bullet. 

The caloric produces a second effect, by 
means of the repulsive force exerted between 
its particles; it causes the gases, disengaged at 
the moment of deflagration, to expand with a 
degree of force proportioned to the tempera- 
ture produced. 

It is very probable that water is decomposed 
during the deflagration of gun-powder, and that 
part of the oxygen furnished to the nascent car- 
bonic acid gas is produced from it. If so, a con- 
sideraUe quantity of hydrogen gas must be 
disengaged in the instant of deflagration which 
expands and contributes to the force of the ex- 
plosion. It may readily be conceived how p'eat- 
ly this circumstance must increase theeffect of 
powder, if we consider that a pint of hydrogen 
gas weighs only one grain and two thirds ; hence 
a veiy small quantity in w^ht must occupy a 
veryjarge space, and it must exert a prodigioim 


expansive force in passing from the liquid to 
the aeriform state of existence. 

In the last place, as a portion of undecom- 
posed water is reduced to vapour during the 
deflagration of gun-powder, and as water, in 
the state of gas, occupies seventeen or eighteen 
hundred times more space than in its liquid 
state, this circumstance must likewise contrib- 
ute largely to the explosive force of the powder. 

I have already made a considerable series of 
experiments upon the nature of the elastic fluids 
disengaged duringthe deflagration of nitre with 
charcoal and sulphur, and have made some, 
likewise, with the oxygenated muriate of pot- 
ash. This method of investigation leads to tol- 
erably accurate conclusions with respect to the 
constituent elements of these salts. Some of 
the principal results of these experiments, and 
of the consequences drawn from them respect- 
ing the analysis of nitric acid, are report^ in 
the collection of M^moirea present^ to the 
Academy by foreign philosophers, Vol. XI, p. 
625. Since then I have procured more conven- 
ient instruments, and I intend to repeat these 
experiments upon a larger scale, by which I 
shall procure more accurate precision in their 
results; the following, however, is the process 1 
have hitherto employed. I would very earnest- 
ly advise such as intend to repeat some of these 
experiments to be very much upon their guard 
in operating upon any mixture which contains 
nitre, charcoal, and sulphur, and more especi- 
ally with those in which oxygenated muriate of 
potash is mixed with these two materials. 

I make use of pistol barrels, about six inches 
long and of five or six lines diameter, having 
the touch-hole spiked up with an iron nail 
strongly driven in and broken in the hole, and 
a little tin-smith's solder run in to prevent any 
possible issue for the air. These are charged 
with amixture of known quantities of nitre and 
charcoal, or any other mixture capable of de- 
flagration, reduced to an impalpable powder 
and form^ into a paste with a moderate quan- 
tity of water. Every portion of the mat^als 
introduced must be rammed down with a ram- 
mer nearly of the same caliber with the barrel, 
four or five lines at the muzzle must be Idft 
empty, and about two inches of quick match 
are added at the end of the charge. The only 
difficulty in this experiment, especially when 
sulphur is contained in the mixture, is to dis- 
cover the proper degree of moistening; for, if 
the paste be too much wetted, it will not take 
fire, and if too dry, the deflagration is apt to 
become too rapid and even dan^rous. 
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When the exp^inmt is m)t intended to be broken to pieces, wfaie the mercury was scatr 


rigorously exact, we set fire to the match, and, 
when it is just about to communicate with the 
charge, we plunge the pistol below a large bell- 
^ass lull of water in the pneumato-chemical 
apparatus. The deflagration begins and con- 
tinues in the water, and gas is disengaged with 
lessor more rapidity, in proportion as the mix- 
ture is more or less dry. So long as the defla- 
gration continues, the muzzle of the pistol must 
be kept somewhat inclined downwards, to pre- 
vent the water from getting into its barrel. In 
this manner I have sometimes collected the gas 
produced from the deflagration of an ounce and 
half, or two ounces, of nitre. 

In this manner of operating it is impossible 
to determine the quantity of carbonic acid gas 
disengaged, because a part of it is absorbed by 
the water while passing through it; but, when 
the carbonic acid is absorbed, the azotic gas re- 
mains; and, if it be agitated for a few minutes 
in caustic alkaline solution, we obtain it pure 
and can easily determineits volume and weight. 
We may even, in this way, acquire a tolerably 
exact Imowledge of the quantity of carbonic 
acid by repeating the experiment a great many 
times, and var 3 ning the proportions of charcoal, 
till we find the exact quantity requisite to defla- 
grate the whole nitre employed. Hence, by 
means of the weight of charcoal employed, we 
determine the weight of oxygen necessary for 
saturation and deduce the quantity of oxygen 
contained in a given weight of nitre. 

I have used another process, by which the 
resultsof thisexperiment are considerably more 
accurate, which con^sis in receiving the disen- 
gaged gases in beU-glasses filled with mercury. 
The mercurial apparatus I employ is large 
enou^ to contain jars of from twelve to fifteen 
pints in capacity, which are not very readily 
managed when full of mercury and even re- 
quire to be filled by a particular method. When 
|ar ia placed in the cistern of mercury, a 
l^ass siphon is introduced, connected with a 
fiopall air-pump by means of which the air is 
exhausted, and the mercury rises so as to fill 
the iar. Aftmr this, the gas of the deflagration 
is made to pass into the jar in the same manner 
as directed when water is employed. 

I must again repeat that ti^s species of ex- 
periment requires to be perfonned with the 
greatestposriUe precautions, lhave someliimes 
seen, when the disenimement of gas proceeded 
great rapi^ty, jars filled with more 
than an hundred and SIty pounds of mercury 
dkiven nff fay the force ^ the explorion and 


tered about in great quantities. ; 

When the experiment has succeeded and the 
gas is collected under the jar, its quantity ki 
general, and the nature and quantities of the 
several spedes of gases of which the mixture is 
composed, are accurately ascertained by the 
methods alreadypointedoutinthesecond chap- 
ter of this part of my work. 1 have been pre- 
vented from putting the last hand to theexper- 
iments I had begun upon deflagration, from 
their connection with the objects 1 am at pres- 
ent engaged in; and I am in hopes they will 
throw ^qnsiderable light upon the/operations 
bdonging to the manufacture of gim-powder. 

CHAPTER X 

Of the Iruiruments Necessary for OperMng upon 

Bodies in Very High Temperatures \ 

Section I Of Fusion 

We have already seen that, by aqueous solu- 
tion in which the particles of bodies are sepa- 
rated from each other, neither the solvent nor 
the body held in solution are at all decomposed ; 
so that, whenever thecause of separation ceases, 
the particles reunite, and the saline substance 
recovers precisely the same appearance and 
properties it possessed before solution. Real 
solutions are produced by fire, or by introduc- 
ing andaccumulatingagreat quantity of caloric 
between the particles of bodies ; and this species 
of solution in caloric is usually called fusion^ 

This operation is commonly performed in 
vessels called crucibles, which must necessarily 
be less fusible than the bodies they are intend- 
ed to contain. Hence, in all ages, chemists have 
been extremely solicitous to procure crucibles 
of very refractory materials, or such as are ca- 
pable of resisting a very high degree of heat. 
The best are made of very pure clay or of porce- 
lain earth; whereas such as are made of clay 
mixed with calcareous or silidous earth are very 
fusible. All the crudbles made in the neighbour- 
hood of Paris are of this kind and consequent^ 
ly unfit for most chemical experiments. The 
Hesrian cruciUes are tolerably good; but 3xe 
best are made of liim^es earth, whichi seems 
absolutely infusible; We have, in France, a 
great many clays very fit for nudring cruciUes; 
tmeh, for instance, is the kind used for making 
melting-pots at the g^ss-manufaotmy df 
Qobm. 

CxucibleB aee xn^e of various forms, accords 
ing to the pperatiDin they are intended to 
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fam. Sevcmil of the most commoa kinds are 
represented Plate irii, Figs. 7, 9^ and 10; the 

one represented at Fig, 9 is afanost shtit at ite 
mcnith, 

Thoii^ fusion may often take place without 
changing the nature of the fused body, this op- 
eration is frequently employed as a chemi<^ 
meansofdecomposingandrecompoundingbod- 
ies. In this way all the metals are extracted 
from their ores; and, by this process, they are 
revivified; moulded, and alloyed with each oth- 
er. By this process Sand and alkali are combined 
to form glass, and by it likewise pastes, or col- 
oured stones, enamels, &c. are formed. 

The action of violent fire was much more 
frequently employed by the ancient chemists 
than it is in modern experiments. Since greater 
precision has been employed in philosophical 
researches, the humid has been preferred to the 
dry method of process, and fusion is seldom 
had recourse to until all the other means of 
analysis have failed. 

Section II Of Fumcu^a 

These are instruments of most universal use 
in chemistry; and, as the success of a great 
number of experiments depends upon their be- 
ing well or ill constructed, it is of great import^ 
ance that a laboratory be well provided in this 
respect. A furnace is a kind of hollow cylindri- 
cal tower, sometimes widened above (Plate 
XIII, Fig, 1), ABCD, which must have at least 
two lateral openings; one in its upper part F, 
which is the door of the fire-place, and one be- 
low Q, leading to the ash-hole. Between these 
the furnace is divided by a horizontal grate, in- 
tended for supporting the fuel, the situation of 
which is marked in the figure by the line HI. 
Though this be the least complicated of all the 
chemical furnaces, yet it is applicable to a great 
number of purposes. By it lead, tin, bismuth, 
and, ’in general, every substance which does 
not require a very strong fire, may be melted in 
crudbles; it will serve for metallic oxidations, 
for evaporatory vessels, and for sand baths, as 
in Plate ill, Figs, 1 and 2, To render it proper 
for these purposes, sev^al notdies, mm mm 
(Plate kill, Fig, i), are made in its upper edge, 
as otherwise any pan which might he placed 
over the fire would stop the passage of Ihe air, 
and ptevent the fuel from torning. This fur- 
nace can only produce a moderate degree of 
because: the q[uantity of charcoal it is 
capable of oonsuming is limited by the qimn^ 
tity of ^air #hioh is altowed to pass through the 
of tile aslnhole. Its power be 


eontideraUy augmented by enlarging this op- 
ening, but then the great stream of air which is 
convenient for some operations might be hurt- 
ful in others: wherefore we must have furnaces 
of different forms, constructed for different pur- 
poses, in our laboratories. There ought espe- 
cially to be several of the kind now described 
of (Merent sizes. 

The reverberatory furnace (Plate xin, Fig* 
2) is perhaps more necessary. This, like the 
common furnace, is composed of the ash-bole 
HIKL, the fire-place KLMN, the laboratory 
MNOP, and the dome RRSS, with its funnel 
or chimney TT W ; and to this last several ad- 
ditional tubes may be adapted, according to 
the nature of the different experiments. The 
retort A is placed in the division called the lab- 
oratory and supported by two bars of iron 
which run across the furnace, and its beak 
comes out at a round hole in the side of the 
furnace, one half of which is cut in the piece 
called the laboratory and the other in the dome. 
In most of the ready-made reverberatory fur- 
naces which are sold by the potters at Paris, 
the openings both above and below are too 
small. These do not allow a sufficient volume 
of air to pass through; hence, as the quantity 
of charcoal consumed, or, which is much the 
same thing, the quantity of caloric disengaged 
is nearly in proportion to the quantity of air 
which passes through the furnace, these fur- 
naces do not produce a sufficient effect in a 
great number of experiments. To remedy this 
defect, there ought to be two openings GG to 
the ash-hole; one of these is shut up when only 
a moderate fire is required; and both are kept 
open when the strongest power of the furnace 
is to be exerted. The opening of the dome SS 
ought likewise to be considerably larger than 
is usually made. 

It is of great importance not to employ re- 
torts of too large size in proportion to the fur- 
nace, as a sufficient space ought always to be 
allowed for the passage of the air between the 
sides of the furnace and the vessel. The retort 
A in the figure is too small for the size of the 
furnace, yet I find it more easy to point but the 
error tiian to correct it. The intention of the 
dome is to oblige the fiame and heat to sui^ 
round and strike back or reverberate upon ev** 
ery part of the retort, whence the fiimaee gets 
the name of reverberatory. Without thie eir^ 
cumstanee the retort would only be heated ia 
its bottom, the vapours raised fioniv tile con- 
tained substance would condense in the upper 
part, andn continual cohabitation would talee 
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place trithout aaytiiing passing over into the 
receiver; but, by means of the dome, the retort 
is equally heated in every part, and the vapours 
being forced out can only condense in the neck 
of the retort or in the recipient. 

To prevent the bottom of the retort from be- 
ing either heated or cooled too suddenly, it is 
sometimes placed in a small sand bath of baked 
clay, standing upon the cross bars of the fur- 
nace. Likewise, in many operations, the retorts 
are coated over with lutes, some of which are 
intended to preserve them from the too sudden 
influence of heat or of cold, while others Sfre for 
sustaining the glass, or forming a kind of sec- 
ond retort, which supports the glass one during 
operations wherein thestrength of the fire might 
soften it. The former is made of brick-clay with 
a little cow’s hair beat up along with it, into a 
paste or mortar, and spread over the glass or 
stone retorts. The latter is made of pure clay 
and pounded stone-ware mixed together and 
used in the same manner. This dries and hard- 
ens by the fire, so as to form a true supplemen- 
tary retort capable of retaining the materials, 
if the glass retort below should crack or soften. 
But, in experiments which are intended for col- 
lecting gases, this lute, being porous, is of no 
manner of use. 

In a great many experiments wherein very 
violent fire is not required, the reverberatory 
furnace may be used as a melting one, by leav- 
ing out the piece called the laboratory and plac- 
ing the dome immediately upon the fireplace, 
as represented Plate xiii. Fig, 3, The furnace 
represented in Fig, 4 is very convenient for fus- 
ions; it is composed of the fire-place and ash- 
hole ABD, without a door, and having a hole 
E, which receives the muzzle of a pair of bel- 
lows strongly luted on, and the dome ABGH, 
which ought to be rather lower than is repre- 
sented in the figure. This furnace is not capa- 
ble of producing a very strong heat but is suf- 
ficient for ordinary operations and may be read- 
ily moved to any part of the laboratory where 
it is wanted. Though these particular furnaces 
are very convenient, every laboratory must be 
provid^ with a forge furnace, having a good 
pair of bellows, or, what is more necessary, a 
powerful melting fomace. I shall describe the 
one I use, with the principles upon which it is 
constructed. 

The air circulates ina furnace in consequence 
of b^ng heated in its passage through the burn- 
ing coeds; it dilates and, booming lighter them 
the sunotmdmg air, is forced to rise upwards 
hy isressure of the lateral columns of air, 


and is replaced by fresh air from all sides , espe- 
cially from below. This circulation of air even 
takes place when coals are burnt in a common 
chaffing dish ; but we can readily conceive, that, 
in a furnace open on all sides, the mass of air 
which passes, all other circumstances being 
equal, cannot be so great as when it is obliged 
to pass through a furnace in the shape of a hol- 
low tower, like most of the chemical furnaces, 
and consequently that the combustion must be 
more rapid in a furnace of this latter con- 
struction. Suppose, for instance, the furnace 
ABCDEF open above and filled with burning 
coals, theforce with which theair passes through 
the coals will be in proportion to the difference 
between the specific gravity of t™ columns 
equal to AC, the one of cold air without, and 
the other of heated air within the furnace. 
There must be some heated air above|the open- 
ing AB, and the fuperior levity of this ought 
likewise to be taken into consideration; but, as 
this portion is continually cooled and carried 
off by the external air, it cannot produce any 
great effect. 

But, if we add to this furnace a large hollow 
tube GHAB of the same diameter, which pre- 
serves the air which has been heated by the 
burning coals from being cooled and dispersed 
by the surrounding air, the difference of specific 
gravity which causes the circulation will then 
be between two columns equal to GC. Hence, 
if GC be three times the length of AC, the cir- 
culation will have treble force. This is upon the 
supposition that the air in GHCD is as much 
heated as what is contained in ABCD, which 
is not strictly the case, because the heat must 
decrease between AB and GH; but, as the air 
in GHAB is much warmer than the external 
air, it follows that the addition of the tube must 
increase the rapidity of the stream of air, that 
a larger quantity must pass through the coals, 
and consequently that a greater degree of com- 
bustion must take place. 

We must not? however, conclude from these 
principles, that the length of this tube ought to 
be indefinitely prolonged; for, since the heat of 
the air gradually diminishes in passing from 
AB to GH, even from the contact of the sides 
of the tube, if the tube were prolonged to a 
certain degree, we would at last come to a point 
where the specific gravity of the includ^ air 
would be equal to the air without; and, in this 
ease, as the cool air would no longer tend to rise 
upwards, it would become a gravitating lUass, 
resisting the ascension of the air below^ 
sides, as this air, which has served for ocxmbua- 
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tion, is necessarily mixed with carbonic add 
gaSi which is considerably heavier than com^ 
mon air, if the tube were made long enough, 
the air might at last approach so near to the 
temperature of the external air as even to grav- 
itate downwards; hence we must conclude that 
the length of the tube added to a furnace must 
have some limit beyond which it weakens in- 
stead of strengthening the force of the fire. 

From these reflections it follows that the first 
foot of tube added to a furnace produces more 
effect than the sixth, and the sixth more than 
the tenth; but we have no data to ascertain at 
what height we ought to stop. This limit of use- 
ful addition is so much the farther in propor- 
tion as the materials of the tube are weaker 
conductors of heat, because the air will thereby 
be so much less cooled; hence baked earth is 
much to be preferred to plate iron. It would be 
even of consequence to make the tube double, 
and to fill the interval with rammed charcoal, 
which is one of the worst conductors of heat 
known; by this the refrigeration of the air will 
be retarded, and the rapidity of the stream of 
air consequently increased ; and, by this means, 
the tube may be made so much the longer. 

As the fire-place is the hottest part of a fur- 
nace, and the part where the air is most dilated 
in its passage, this part ought to made with a 
considerable widening or belly. This is the more 
necessary, as it is intended to contain the 
charcoal and crucible, as well as for the pass- 
age of the air which supports, or rather pro- 
duces the combustion; hence we only allow the 
interstices between the coals for the passage 
of the air. 

From these principles my melting furnace is 
constructed, which I believe is at least equal in 
power to any hitherto made, though I by no 
means pretend that it possesses the greatest 
possible intensity that can be produced in chem- 
ical furnaces. The augmentation of the volume 
of air produced during its passage through a 
melting furnace not being hitherto ascertained 
fromexperiment,wearestill unacquainted with 
the proportions which should exist between the 
inferior and superior apertures, and the abso- 
lute sise of which these openings should be 
made is still less understood; hence data are 
wanting by which to proceed upon principle, 
and we can only accomplish the end in view by 
repeated trials* 

This furnace, which, according to the above 
stated rules, is in form of an eliptical spheroid, 
is repre^ted Plate xni, Fig. d, ABCD; it is 
cut off at the two ends by two planes, which 


p^, perpendicular to the axis, through the fo- 
ci of the dipse. From this shape it is capable of 
containing a considerable quantity of charcoal, 
while it leaves sufficient space in the intervals 
for the passage of the air. '^t no obstacle may 
oppose the free access of external air, it is per- 
fectly open below, after the model of M. Mas- 
quer’s melting furnace, and stands upon an iron 
tripod. The grate is made of flat bars set on 
edge, and with considerable interstices. To the 
upper part is added a chimney, or tube, of baked 
earth, ABFG, about eighteen feet long, and al- 
most half the diameter of the furnace. Though 
this furnace produces a greater heat than any 
hitherto employed by chemists, it is still sus- 
ceptible of being considerably increased in pow- 
er by the means already mentioned, the prlncii- 
pal of which is to render the tube as bad a 
conductor of heat as possible, by making it 
double, and filling the interval with rams^ 
charcoal. 

When it is required to know if lead contains 
any mixture of gold or silver, it is heated in a 
strong fire in capsules of calcined bones, which 
are called cupels. The lead is oxidated, becomes 
vitrified, and sinks into the substance of the 
cupel, while the gold or silver, being incapable 
of oxidation, remain pure. As lead will not oxi- 
date without free access of air, this operation 
cannot be performed in a crucible placed in the 
middle of the burning coals of a furnace, be- 
cause the internal air, being mostly already re- 
duced by the combustion into azotic and car- 
bonic acid gas, is no longer fit for the oxidation 
of metals. It was therefore necessary to con- 
trive a particular apparatus, in which the metal 
should be At the same time exposed to the in- 
fluence of violent heat and defended from con- 
tact with air rendered incombustible by its pas- 
sage through burning coals. The furnace in- 
tended for answering this double purpose is 
called the cupelling or essay furnace. It is usu- 
ally made of a square form, as represented 
Plate xui. Figs. 8 and 10, having an ash-hole 
AABB,afiie-placeBBCC,alaboratory CCDD, 
and a dome DDEE. The muffle or small oven 
of baked earth GH (Fig. 9) being placed in the 
laboratory of the furnace upon cross bass of 
iron, is adjusted to the opening GG, and luted 
with clay softened in water. The cupels are 
placed in this oven or muffle, and charcoal is 
conveyed into the furnace through the open- 
ings erf the dome and fire-place. The external 
air enters through the openings of the ash-«bole 
for supporting the coml^tion, tnd Escapes by 
the superior opening or chimney at EE; and 
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ike dc^of of 

GO foTrOxidatme the eoatahi^ meki. ' ' 

. Very httle refieetion is sufficient to diso6ver 
the erroneous principles upon T^hich this fur- 
nace iS GOnstructed. When the opting OO is 
shut, the oxidation isproduced slowly and with 
diffit^ulty, for want of air to catry it on; end, 
when this hole is open, the str^m of odd air 
which is then admitted fixes the metal and ob- 
^anets the process. These inconveniences may 
be easily remedied, by constructing the muffle 
and furnace in such a manner that a stream of 
fresh external air should always play upon the 
surface of the metal, and this air should be 
made to pass through a pipe of clay kept con- 
tinually red hot by the fire of the furnace. By 
this means the inside of the muffle will never 
be cooled, and processes will be finished in a 
few ffi^utes which at present require a consid- 
embie space of time. 

M. Sage remedies these inconveniefioes in a 
different manner; he places the cupel contain- 
ing lead, alloyed with gold or silver, amongst 
tihe charcoal of an ordinary furnace and eov- 
md by a small porcelain muffle; whi^n the 
whole is sufflciently heated, he directs the blast 
of a common pair of hand-bellows upon the 
surface of the metal and completes the cu- 
pellation in this way with great ease and 
exactness. 

SiBcnoK ni Of Increanng the Action pJ Fi^e 
. by Veiny Oxygen Gas Instead of Atmospher- 
, icAiar 

^'.By< means of large burning glasses, such as 
those of Tchimausen and M* de Trudaine, a 
degree of heat is obtained somewhat greater 
than has hitherto been produced in chemical 
furnaces; or evenm the ovens of fimiaoes used 
for baking hard porcelain. But these instru- 
ments are extremely expensive, and do not 
&9m produce heat sufflcienttomelt crude plat- 
inum; so that their advantages are byno means 
sufficient to compensate for the difficulty of 
{iiidciuihg, and even of using them. Concave 
nurrors produce somewhat more effect than 
burimig>#a8»eB of the same ditoieter, as is 
proved 1^ the experiments of MM. Macquer 
and Beaum^ withithe speculum of the 
Bmiriot; but^ as tibe direction of the reflected 
ra;^ is necessarily from below upwards, the 
sufaetance to be operated upon must be placed 
fe Uieair without any auppoit, which renders 
nkMit^^^iemicai experteenh^ ^imposCible to be 
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yky for oombustion, by ffl&ng large 

bladders with it, and maldtig it passthrou^ a 
tube capable of being shut by a stop cock; and 
in this way I suc^ded in cauiAng ft to support 
the combustion of lighted charcoal. The inten- 
sity of the heat produced, even in my first at- 
tempt^ was so g^t as readily to melt a smaU 
quantity of crude platinum. To the success of 
this attempt is owing theidea of the gasometer, 
described p. 91 et seq,, which I substituted in- 
stead of the bladders; and, as we can give the 
oxygen gas any necessary degree of pressure, 
we can with this mstrument keep up a contin- 
ued strpsi^ and give it even a very ccWiderable 
force. I 

The onlyapparatusnecessary foresmeriments 
of this kind consists of a small tame ABCD 
(Plate XII, Fig. 16), with a hole F\ through 
which passes a tube of copper or silv^, ending 
in a very small opening at G, and cc^able of 
being opened or shut by the stop-cock H. This 
tube is continued below the table at 2 m n o and 
ii^ connected with the interior cavity of the ga- 
someter. When we mean to operate, a hole of a 
few lines deep must be made with a chisel in a 
piece of charcoal, into which the substance to 
be treated is laid; the charcoal is set on fire by 
means of a candle and blow-pipe, after which 
it is exposed to a rapid stream of oxygen gas 
from the extremity G of the tube PG. 

This manner of operating can only be used 
with such bodies as can be placed, without in- 
convenience, in contact with charcoal, such as 
metals, simple earths, <kc. But, for bodies whose 
elements have affinity to charcoal, and which 
are consequently decomposed by that sub- 
stance, such as sulphates, phosphates, and most 
of the neutral salts, metollio glasses, enamels, 
dbc., we must use a lamp and make the stream 
of oxygen gas pass through its flame. For this 
purpose, we use the elbowed blow-pipe ST, in^ 
stead of the bent one FG, employed with char- 
coal. The heat produced in this second manner 
is by no means so intense aS in the former Way 
and is very difficultly made to melt platinum. 
In this manner of operating with the lamp, the 
Bubstanbes are placed in cupels of calcined 
bones, or little cups of porcelain, or even in me- 
tallic dishes. If these 1^ are suffici^tly large, 
thOy do not melt, because, metals being good 
conductors of heat, the caloric spreads rapidly 
through the whole mass, so that none of its 
paits are very mu<di heated. 

In the BscueU de PAcadimie for- 1788, p. 476, 
and for 1783, p.473, the series 'of espeiimsfiits 
1 iiave made with tUS a^mtus may be seen 
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at large. The following are some of the princi- 
pal results. 

1. Rock crystal, or pure silicious earth, is in- 
fusible, but Incomes capable of being softened 
or fused when mixed with other substances, 

2. Lime, magnesia, and barytes, are infusi- 
ble, either when alone, or when combined to- 
gether; but, especially lime, they assist the fu- 
sion of every other body. 

3. Argill, or pure base of alum, is completely 
fusible per se into a very hard opaque vitreous 
substance, which scratches glass like the preci- 
ous stones. 

4. All the compound earths and stones are 
readily fused into a brownish glass. 

5. All the saline substances, even fixed alkali, 
are volatilized in a few seconds. 

6. Gold, silver, and probably platinum, are 
slowly volatilized without any particular phe- 
nomenon. 

7. All other metallic substances, except mer- 
cury, become oxidated, though placed upon 
charcoal, and burn with different coloured 
flames and at last dissipate altogether. 

8. The metallic oxides likewise all burn with 
flames. This seems to form a distinctive char- 
acter for these substances, and even leads me 
to believe, as was suspected by Bergman, that 
barytes is a metallic oxide, though we have not 
hitherto been able to obtain the metal in its 
pure or reguline state. 

9. Some of the precious stones, as rubies, are 
capable of being softened and soldered togeth- 
er, without injuring their colour or even dimin- 
ishing their weights. The hyacinth, tho^ almost 
equally fixed with the ruby, loses its colour 
very readily. The Saxon and Brazilian topaz, 
and the Brazilian ruby, lose their colour very 


quickly and lose about a fifth of their weight, 
leaving a white earth, resembling white quartz 
or unglazed china. The emerald, chry^Ute, 
and garnet, are almost instantly melted into 
an opaque and coloured glass. 

10. The diamond presents a property peculi- 
ar to itself ; it burns in the same manner with 
combustible bodies and is entirely dissipated. 

There is yet another manner of emplo 3 ring 
oxygen gas for considerably increasing the force 
of fire, by using it to blow a furnace. M. Achard 
first conceived this idea; but the process he 
employed, by which he thought to dephlogist- 
icate, ‘as it is called, atmospheric air, or to de- 
prive it of azotic gas, is absolutely unsatisfac- 
tory. I propose to construct a very simple fur- 
nace for this purpose, of very refractory earth, 
similar to the one represented Plate xiii. Fig. 
4, but smaller in all its dimensions. It is to have 
two openings, as at E, through one of which 
the nozzle of a pair of bellows is to pass, by 
which the heat is to be raised as high as pos- 
sible with common air; after which, the stream 
of common air from the bellows being sudden- 
ly stopped, oxygen gas is to be admitted by a 
tube at the other opening, communicating with 
a gazometer having the pressure of four or five 
inches of water. I can in this manner unite 
the oxygen gas from several gazometers, so 
as to make eight or nine cubic feet of gas pass 
through the furnace ; and in this way I expect to 
produce a heat greatly more intense than any 
hitherto known. The upper orifice of the furnace 
must be carefully made of considerable dimen- 
sions, that the caloric produced may have free 
issue, lest the too sudden expansion of that 
highly elastic fluid should produce a dangerous 
explosion. 
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BIOGRAPHICAL NOTE 

Joseph Foubieb, 1768-18S0 


Fourier was bom at Auxerre March 21, 1768, 
the son of a poor tailor. An orphan at eight, he 
was recommended by a friend to the Bishop of 
Auxerre, who obtained admission for him in 
the local military school conducted by the 
Benedictines of Saint-Maur. He quickly dis- 
tinguished himself as a student and showed 
distinct literary ability; at twelve he was writ- 
ing sermons which were often used with great 
effect in Paris. At the age of thirteen mathemar 
tics began to attract him strongly. The pre- 
scribed hours of study did not suffice; he arose 
at night, concealed himself behind a screen, 
and by the light of candle-ends carefully col- 
lected during the day, pursued his mathemair 
ical studies. When he was twenty-one he de- 
livered his first memoir before the Academy of 
Sciences on the resolution of numerical equa- 
tions of all degrees. 

Educated by monks in a military school, 
Fourier seems to have considered that only the 
army or the church could provide a career. 
With a strong recommendation from Legendre 
he applied for admission to the artillery. He 
was refused with the statement, ‘Tourier, not 
being of noble birth, cannot enter the artillery, 
not even if he is a second Newton.” He then 
entered the Benedictine Order, where he re- 
mained as a novice from 1787 to 1789. Upon 
the outbreak of the Revolution he left the con- 
vent, although this did not result in any break 
with the Benedictines, since they immediately 
appointed him to the principal chair of math- 
ematics at their school in Auxerre. When his 
colleagues became ill, he took their place, and 
besides teaching mathematics he also lectured 
on rhetoric, history, and philosophy. 

At Auxerre, Fourier embraced the cause of 
the Revolution, joined the peoples’ party, and 
served as publicist, recruiting agent, and mem- 
ber of the Citizens’ Committee of Surveillance; 
in this last function he exercised such modera- 
tion that he was hin^lf in danger from the 
Terror. When, in 1794, the Normal School was 
instituted at Paris to train a specially selected 
group of new teachers, Fourier was among the 


fifteenhundred that were chosen, and, although 
he began as a student, he was soon made a 
'^master of conference.” The school failed after 
a short time, but Fourier had so impressed the 
authorities that when the Polyteclmic School 
was founded, he was appointed to its faculty, 
first as “superintendent of lectures on fortifica- 
tion” and then as “lecturer on analysis.” 

Napoleon sometimes attended the sessions 
at the Polytechnic School, and when he organ- 
ized the expedition to Eg 3 q)t in 1798, Fourier 
was asked to be a part of it, although he was 
not informed of the role he was expected to 
play. Fourier was in Egypt for three years, en- 
gaged in the most varied activities : organizing 
factories for the army, constructing machines, 
leading scientific expeditions, and executing 
numerous administrative tasks. He acted as 
the representative of the general-in-chief, re- 
ceiving complaints from tbe Eg 3 rptian popm 
lace, and for one period was virtually governor 
of half of Egypt. On the death of General Klfiber 
he was called upon to present a eulogy before 
the French Army. As secretary of the Institute 
of Cairo he instigated the collection of materi- 
als for the famous Description o/ Egypt. In col- 
laboration with Napoleon he wrote the histor- 
ical introduction to this work, which established 
his literary reputation and eventually won him 
membership in the French Academy. 

On his return to France in 1802 Fourier was 
appointed prefect of the D4partement of Isire 
and for the next thirteen years lived at Gren- 
oble. He composed the disputes between the 
different parties and brought order out of the 
confusion left by the Revolution in his province. 
As part of a general policy of public improve- 
ments, he initiated an extensive road-building 
project and undertook the reclamation of 
marsh-lands which had been the source of in- 
fection for thirty-seven communes. In recog- 
nition of his services he was created Baton cA 
the Empire in 1808. 

His many administrative duties as prefect of 
Isdre did not interrupt his work as a mathema- 
tician and man of letters. He conducted inves- 
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tigations into the motiooB of heat in solid bodies 
\nth the aim of reducing them to mathematical 
formulation, and m 1807 submitted bis first 
paper on the subject to the Academy of 
ences. To induce the author to extend and im- 
prove his researches the Academy assigned as 
the problem for its prize competition of 1812, 
“The mathematical theory of the laws of the 
propagation of heat and the comparison of the 
results of this tbeory with exact experiment.” 
mm judges were Laplaoe, Lagrange, and Le* 
gendm, and they awarded the prize to Fourier 
for bis memoir in two parts, TMorie des mom- 
menu ie la ehakvt data ka corps aolidee. The 
first part was re^niblished in 1822 as the Thh- 
orts AnoiyHgve ^ la Choleur. 

' Fourier continued to hold his position as pre- 
fect throu^ the Revolution of 1814, but Na- 
pdeon’s return fromE^baproved to be his polit- 
ical downfall. As Napoleon was approariiing 
Grenoble, Fourier went to Lyons to notify the 
Bourboiis.that the city would undoubtedly ca- 
pitulate. They refused to believe him mid made 
him responsible for thO safety of the city. Upon 
his return to Grenoble, which bad surrmidered, 
he was takmi prisoner and brought before the 
Emperm'. Nr^leon confronted him : "You also 
have declared war against me? ... It only 
grieves me to see among my enemies an Egyp- 
tian, a man who has eaten along with me the 


bread of tiie bivouac, an old friend. How, more- 
over, could you have forgotten, Monsieur 
Fourier, that I have made you what 3 rou are?” 
;Fourier's;(oyahy was re-established, althou^ 
he did not share Napoleon’s confidence of vic- 
tory. The end of the Hundred Days and the 
Restoration found him deprived of political of- 
fice, in disgrace, and almost penniless. 

A friend and former pupil who was prefect of 
Paris made it possible for him to become Direc- 
tor of the Bureau of Statistics, vdiioh he re- 
mained until his death. His political past, how- 
ever, (fid not prevent renewed recognition of 
his sbftntific abilities. In 1816 he was proposed 
for membership in the Academyi of Sciences, 
and although Louis XVIII r^usM his consent 
at that time, he became a membm the Mow-i 
ing year. He was made permanent secretary of 
the Division of Mathematical Scien^ in 1822, 
member of the French Academy in' 1826, and 
a year later succeeded Laplace as PresidHit of 
the Council for Improving the Polyteelmio 
School. In 1828 he ^came a member of the 
government commission established for tiie en- 
couragemmt of literature. 

He died May 16, 1830, of aneurian' of (he 
heart, which had been aggravated by his habit 
of wrapping himself in all seasons like "an 
Egyptian mummy” and living in airless rooms 
at an excessively high temperature. 
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PRELIMINARY DISCOURSE 


PitiMABT causes are unknown to us; but are subject to simple and' constant 
laws, which may be discovered by observation, the study of tbem being the 
object of natural philosophy. 

Heat, like gravity, penetrates every substance of the universe, its rays occu- 
py all parts of space. The object our work is to set forth the mathematical 
laws which this element, obeys. TTie theory of heat will hereafter form one of 
the most important branches of general physics. 

The knowledge of rational mechanics, which the most ancient nations had 
been able to acquire, has not come down to us, and the history ot this science, 
if we except the first theorems in harmony, is not traced up beyoiui the dis- 
coveries of Archimedes. This great geometer explained the mathematical 
principles of the equilibrium of solids and fluids. About eighteen centuries 
elapsed before Galileo, the originator of dynamical theories, discovered the 
laws of motion of heavy bodies. Within Uus new scieace Newton comprised the 
whole system of the universe. The successors of these philosophers have ex- 
tended these theories, and given them an admirable perfection: they have 
taught us that the most diverse phenomena are subject to a small number of 
fundamental laws which are reproduced in all the acts of nature. It is recog- 
nised that the same principles regulate all the movements of the stars, thdr 
form, the inequalities of their comses, the equilibrium and the oscillations of 
the seas, the harmonic vibrations of air and sonorous bodies, the transmisaon 
of light, capillary actionsj the undulaticms of fluids, in fine the most complex 
effects of all the natural forces, and thus has the thought of Newton been' con- 
firmed: quod tarn paucis tarn muUa proestet geometria ghriatur. 

But whatever may be the range of mechanical theories, they do not apply 
to the effects of heat. These make up a spedal ordm- of phenomena, which can- 
not be explained by the prindiirfes of motion and equilibrium. We have for a 
long time been in possession of ingaiious' instruments adapted to measure 
many of these effects; valuable ob^rvations have been collected; but in this 
manner i>artial results only have become known, and not the mathematical 
demonstration of the laws which mclinle-lhem aff.' 

1 I have deduced these laws from prolonged study and attentive comparison 
of the facts known up to this time: ledi these facts 1 have observed afredr in the 
course of' several years with the most exsict instruments that have Mthmtd 
been u^. 

To found the theory, > it was in the first place necessary to- distiaguidi' and 
define with precision the elementary properri^ which determine the action of 
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heat. I then percdved that all the phenomena which depend on this action te* 
solve themselves into a veiy small number of general and simple facts; where- 
by every physical problem of this kind is brought back to an investigation of 
mathematical analysis. From these general facts I have concluded that to de- 
termine numerically the most varied movements of heat, it is sufficient to sub- 
mit each substance to three fundamental observations. Different bodies in fact 
do not possess in the same degree the power to contain heat, to receive or trans- 
mit it across their surfaces, nor to conduct it through the interior of their masses. 
These are the three specific qualities which our theory clearly distinguishes 
and shews how to measure. 

It is easy to judge how much these researches concern the physical sciences 
and civil economy, and what may be their influence on the progress of the arts 
which require the employment and distribution of heat. They have also a 
necessary connection with the system of the world; dhd their relations becomje 
known when we consider the grand phenomena which take place near the sur- 
face of the terrestrial globe. ^ 

In fact, the radiation of the sun in which this planet is incessantly plungedl 
penetrates the air, the earth, and the waters; its elements are divided, change, 
in direction every way, and, penetrating the mass of the globe, would raise its\ 
mean temperature more and more, if the heat acquired were not exactly bal- 
anced by that which escapes in rays from all points of the surface and expands 
through the sky. 

Different climates, unequally exposed to the action of solar heat, have, after 
an immense time, acquired the temperatures proper to their situation. This 
effect is modifi^ by several accessoiy causes, such as elevation, the form of the 
ground, the neighbourhood and extent of continents and seas, the state of the 
surface, the direction of the winds. 

- day and night, the alternations of the seasons occasion in 

the sohd earth periodic variations, which are repeated every day or every year: 
but these changes become less and less sensible as the point at which they are 
measur^ rwedes from the surface. No diurnal variation can be detected at the 
depth of about three metres [ten feetj; and the annual variations cease to be 
appreciable at a depth much less than sbcty metres. The temperature at great 
depths IS then senably feed at a given place: but it is not the same at all points 
of^e ^e menffian; m general it rises as the equator is approached. 

T ^ coi^unicated to the terrestrial globe, and 

which h^ ® of climates, is now subject to a mov^ent 

which has become uniform. It advances within the interior of the mass which 

throughout, and at the same time recedes from the plane of the 
equate, wd proceeds to lose itself across the polar regions. 

In the hi^er regions of the atmosphere the air is very rm« and transnarent 

retains but a minute part of the heat of the solar Sys: this is th^ZT^ 
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of the soA, and the bottom of the basin which contains them is heated very 
unequally from the poles to the equator. These two causes, ever present, and 
comtwed with gravity and the centrifugal force, keep up vast movemoita in 
the interior the seas. They displace and mingle all the parts, and produce 
those general and tegular currents which navigators have notic^. 

Radiant heat which escapes from the surface of all bodies, and traversos 
elastic media, or spaces vend of air, has special laws, and occurs with widely 
varied phenomena. The phyacal explanation of many of these facts is already 
known ; the mathematical theory which I have formed ^ves an exact measure 
them. It consists, in a manner, in a new catoptrics which has its own theorems, 
and serves to determine by analysis all the effects of heat direct or reflected. 

The enumeration of the chief objects of the theory sufficiently ^ews the na- 
ture of the questions which I have proposed to myself. What are the demen- 
taiy properties which it is requisite to observe in each substance, and what are 
the experiments most suitable to determine them exactly? If the distribution 
of heat in solid matter is regulated by constant laws, what is the mathematical 
expression of those laws, and by what analysis may we derive from this expres- 
sion the complete solution of the principal problems? Why do terrestrial tem- 
peratures cease to be variable at a depth so small with respect to the radius of 
the earth? Every inequality in the movement of this planet necessarily occa- 
sioning an oscillation of the solar heat beneath the surface, what relation is 
there between the duration of its period, and the depth at which the tempera- 
tures become constant? 

What time must have elapsed before the climates could acquire the different 
temperatures which they now maintain; and what are the different causes 
which can now vary their mean heat? Why do not the annual changes alone in 
the distance of the sim from the earth, produce at the surface of the earth very 
considerable changes in the temperatures? 

From what characteristic can we ascertain that the earth has not aitirdy 
lost its original heat; and what are the exact laws of the loss? 

If, as several observations indicate, this fundamental heat is not wholly dis- 
sipated, it must be immense at great depths, and nevertheless it has no senrible 
influence at the present time on the mean temperature of the climates. The 
^ects which are observed in them are due to the action of the solar rays. But 
independently of these two sources of heat, the one fundamental and primitive 
proper to the terrestrial globe, the other due to the presence of the sun, is there 
not a more universal cause, which determines the temperattire of the heopens, in 
that part of space which the solar system now occupies? Since the oteerved 
facts necessitate this cause, what are the consequences of an exact theory in 
this entirely new question; how shall we be able to determine that constant 
value of the temperature of space, and deduce from it the temperature which 
belongs to each planet? 

To these questions must be added others which depend on the properties (tf 
radiant heat. The physical cause of the reflection of cold, that is to say the 
reflection of a lesser degree of heat, is very distinctly known; but what is the 
mathematical expression of this effect? 

On what general principles do the atmospheric temperatures depend, 
nffiether the thermometer which measures them receives the solar rays direct- 
ly, on a surface metallic or unpblitiied, or Whether this instrument remains ra!-* 
posed, during the night, under a sky free from clouds, to cmitact with the air, 
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to.»a<fiatioa from terrestrial bodies, and to that from the most distant and 
dotdeat parts of the atmosjdiere? . . ^ ^ J 

, The intensify of the rays which escape from a pcant on the suna^ gf my 
heated body varying with their inclination according to a law which experi- 
ments have indicated, is there not a necess^ mathematical relation between 
thin law and the general fact of the equilibrium of heat; and what is the physi- 
cal cause of this inequality in intensity? . • xu • * i 

ZiSstlyi when heat penetrates fluid masses^ and determines m them internal 
movements by continual changes of the temperature and density of e^h mole-^ 
cule, can we still express, by differential equations, the laws of such a com- 
pound effect; and what is the resulting change in the general equations of hy- 
drodynamics? 

Such are the chief problems which I have solved, and which have never yet 
been submitted to calculation. If we consider furthter the manifold relations ca 
thip mathematical theory to civil uses and the technical arts, we shall recogmasb 
completely the extent of its applications. It is evident that it includes an enA 
tire series of distinct phenomena, and that the study of it cannot be onuttedl\ 
without losing a notable part of the science of nature. ^ ^ ^ 

The principles of the theory are derived, as are those of rational mechanics, 
from a very small number of primary facts, the causes of which are not consid- 
ered by geometers, but which they admit as the results of common observa- 
tions confirmed by all experiment. 

The differential equations of the propagation of heat express the most gen- 
eral conditions, and reduce the physical questions to problems of pure analysis^ 
and this is the proper object of theory. They are not less rigorously established 
than the general equations of equilibrium and motion. In order to make this 
comparison more perceptible, we have always preferred demonstrations ana- 
logous to those of the theorems which serve as the foundation of statics and 
dynamics. These equations still exist, but receive a different form, when they 
express the distribution of luminous heat in transparent bodies, or the move- 
ments which the changes of temperature and density occasion in the interior of 
fluids. The coefficients which they contain are subject to variations whose ex- 
act measure is not yet known, but in all the natural problems which it most 
Concerns us to consider, the limits of temperature differ so little that we may 
omit the variations of these coefficients. 

The equations of the movement of heat, like those which express the vibra- 
tions of sonorous bodies, or the ultimate oscillations of liquids, belong to one 
of the most recently discovered branches of analysis, which it is very important 
to perfect. After having established these differential equations their integrals 
must be obtained; this process, consists in passing from a common expression to 
a pmticular solution subject to all the given conditions. This difficult investiga- 
tion requires a special analysis founded on new theorems, whose object we 
could not in this place make known. The method which is dmved from them 
leaves nothing vague and indeterminate in the solutions, it leads them up to 
tto final nimerical applications, a necessary condition of every investigatiaa, 
without which we should only arrive at useless transformations. 

The same theor^as which have made known to us the equations ol the 
movement of heat, apply directly to certain problems of general analysis and 
dyimnucs whose scdution has for a long time been desired, 
r :Profound study of nature is the most fertile source of mathematical discovr 
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«:k 8 i 01%^^ has this'stody, in offering adetetnunate objeet tolnves^gation; 

tfae advantf^seof esseluding vague <306811008 and -calculations anthout issue; it is 
besides a sure method of foiming analysis itself, and. a£ discovering itbe de- 
mits which it ccmcems us-to know, and which natural soknce ou|d>t always to 
preserve: tiiese are the fundamental elements which are reproduced in all 
natural effects. 

We see, for example, that the same expression whose abstract properties 
^ometers had ctmsidered, and which in this respect belongs to g^eral analy- 
sis, represents as well the motion of light in the atmosphere, as it determines 
the laws of diffusion of heat in solid matter, and enters into ^ the chi^ prob- 
lems of the themy of probability. 

The analytical equations, imknown to the ancient geometers, whidi Des- 
cartes was the first to introduce into the study of curves and surfaces, are not 
restricted to the properties of figures, and to those prc^rties which are the 
object of rational mechanics; they extend to all general phenomena. There canr 
not be a language more universal and more timple, more free from errors and 
from obscurities, that is to say more worthy to express the invariable relaticms 
oi natural things. 

Considered from this point of view, mathematical analysis is as extentive as 
nature itself ; it defines all perceptible relations, measures times, spaces, forces, 
temperatures; this difficult sdoice is formed slowly, but it preserves every 
principle which it has once acquired ; it grows and strengthens itself incessantly 
in the midst of the many variations and errors of the human mind. 

Its chief attribute is clearness; it has no marks to express confused notions. 
It brings together phenomena the most diverse, and discovers the hidden anal- 
ogies which unite them. If matter escapes us, as that of air and light, by its ex- 
treme tenuity, if bodies are placed far from us in the immensity of space, if man 
wishes to know the aspect of the heavens at successive epoc^ separated by a 
great number of centuries, if the actions of ^vity and of heat are exerted in 
the interior of the earth at depths which will be always inaccessible, mathe- 
matical analysis can yet lay hold of the laws of these phenomena. It makes 
them present and measurable, and seems to be a faculty of the human mind 
destined to supplement the shortness of life and the imperfection of the senses; 
and what is still more remarkaUe, it follows the same course in the study of all 
ph^omena; it interprets them by the £»me language, as if to attest the unity 
and simplicity of the plan of the universe, and to make still m-ore evid^t that 
unchangeable order which preades over all natural causes. - 

The problems of the the ory of heat present so many examples of the shnnle 
and constant dispotitions which spring from the gen^td laws of nature; and 
if the order which is established in these phenomena could be grasped by our 
senses, it would produce in us an impressicm comparatde to the sensation of 
mutical sound. 

. The forms ctf bodies are infinitely varied; the distribution of the heat wUch 
penetrates them seems to be arbitrary and confused; but all the inequalities 
are rapidly cancelled and: disappear. as time passes on. The progre^ the 
phenomenon becomes more regular and ampler, remains finally subj^ to a 
definite law which is tlm same in all cases, and which bears no sentihle impress 

the initial arrangement. ^ - 

' All observation confirms these consequences. The analysis from which ihe^ 
are derived separates and ejqpresBes dearly: first, tiie general cmiditinni^ thi 4 is 
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to say those which spring from the natural properties of hedt ; second, the effect,! 
accidental but continued, of the form or state of the surfaces; third, the effect, 
not pmnanent, of the primitive distribution- 

In this work we have demonstrated all the principles of the theory of heat, 
and solved all the fundamental problems. They could have been explained 
more concisely by omitting the simpler problems, and presenting in the first 
instance the most general results; but we wished to shew the actual ori^n of 
the theory and its gradual progress. When this knowledge has been acquired 
and the principles thoroughly fixed, it is preferable to employ at once the most 
extended analytical methods, as we have done in the later investigations. This 
is also the course which we shall hereafter follow in the memoirs which will be 
added to this work, and which will form in some manner its complemmt; and 
by this means we shall have reconciled, so far as it .can depend on ourselves, 
the necessary development of principles with the precision which becomes the 
applications of analysis. T 

The subjects of these memoirs will be, the theory of radiant heat, the prob- 
lem of the terrestrial temperatures, that of the temperature of dwellings, the 
comparison of theoretic results with those which we have observed in different 
experiments, lastly the demonstrations of the differential equations of the'' 
movement of heat in fluids. 

The work which we now publish has been written a long time since; different 
circumstan^ have delayed and often interrupted the printing of it. In t.hig 
interval, science has been enriched by important observations; the principles 
of our analysis, which had not at first been grasped, have become better 
known; the results which we had deduced from them have been discussed and 
TOnfirmed. We ourselves have applied these principles to new problems, and 
Mve chan^ the form of some of the proofs. The delays of publication Avill 
have contributed to make the work clearer and more complete. 

first analytical investigations on the transfer of heat was 
Its ^strmution amongst separated masses; these have been preserved in Chap- 
ter IV, Section II. The problems relative to continuous bodies, which form the 
theory nghtly so called, were solved many years afterwards; this theory was 
flamed for the^fii«t time m a manuscript w^ork forwarded to the Institute of 

» ^ which was published in the 

BrdleUn des Saewes (Socim Phtlomatigue, year 1808 , page 112 ). We added to 

this memoir, imd successively forwarded very extensive Ltes, concerning the 
convergence of the diffusion of heat in an infinite prism, its emissim in 
pacM void of mr, the constructions suitable for exhibiting the chief S^s 
tod the an^ysis ^ the periodic movement at the surfaL Xe earth oSS 

to be inserted in the coUection'of the Academv of course (rf 1821 , 
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be treated in the subsequent memoirs at greater length, and, if it be in our 
power, with greater clearness. The results of our labours concerning the same 
problems are also indicated in several articles already published. The extract 
inserted in the Annales de Chimie et de Physique shews the aggregate of our 
researches (Vol. ra, page 350, year 1816). We published in the Anncdea two 
separate notes, concerning radiant heat (Vol. iv, page 128, year 1817, and 
Vol. VI, page 259, year 1817). 

Several other articles of the same collection present the most constant 
results of theory and observation; the utility and the extent of thermological 
knowledge could not be better appreciated than by the celebrated editors of 
the Annales. * 

In the Bulletin des Sciences (SodStS philomatique year 1818, page 1, and year 
1820, page 60) will be found an extract from a memoir on the constant or vari- 
able temperature of dwellings, and an explanation of the chief consequences of 
our analysis of the terrestrial temperatures. 

M. Alexandre de Humboldt, whose researches embrace all the great prob- 
lems of natural philosophy, has considered the observations of the tempera- 
tures proper to the different climates from a novel and very important point 
of view (Memoir on Isothermal lines, SocUte d’Arcueil, Vol. iii, page 462); 
(Memoir on the inferior limit of perpetual snow, Annales de Chimie ef de 
Physique, Vol. v, page 102, year 1817). 

As to the differential equations of the movement of heat in fluids mention 
has been made of them in the annual history of the Academy of Sciences. The 
extract from our memoir shews clearly its object and principle. {Analyse des 
travaux de VAcadimie des Sciences, by M. De Lambre, year 1820.) 

The examination of the repulsive forces produced by heat, which determine 
the statical properties of gases, does not belong to the analytical subject which 
we have considered. This question connected with the theory of radiant heat 
has just been discussed by the illustrious author of the Micanique cileste, to 
whom all the chief branches of mathematical analysis owe important discov- 
«ies. {Connaissance des Temps, years 1824-5.) 

The new theories explained in our work are united for ever to the mathe- 
matical sciences, and rest like them on invariable foundations; all the elements 
which they at present possess they will preserve, and will continually acquire 
greater extent. Instruments will be perfected and experiments multiplied. The 
analysis which we have formed will be deduced from more general, that is to 
say, more simple and more fertile methods common to many classes of phe- 
nomena. For all substances, solid or liquid, for vapours and permanent gases, 
determinations will be made of all the specific qualities relating to heat, and 
of the variations of the coefficients which express them. At different stations on 
the earth observations will be made, of the temperatrues of the ground at dif- 
ferent depths, of the intensity of the solar heat and its effects, constant or vari- 
able, in the atmosphere, in the ocean and in lakes; and the constant tempera- 
ture of the heavens proper to the planetary regions will become known. Hie 
theory itself will direct all these measures, and assign their precision. No con- 
aderable prepress can hereafter be made which is not founded on experiments 
such as these; for mathematical analysis can deduce from general and simple 
phBT) om«> na the exprestion of the laws of nature; but the special application 
these laws to very complex effects demands a long series of exact observations. 

HSay-LuMM and Araco. 




FIRST CHAPTER 


Introducjtion 


SECTION I, Staiement of the Object of the Work 

1. The effects of heat are subject to constant laws which cannot be discovered 
without the aid of mathematical analysis. The object of the theory which we 
are about to exi^ain is to demonstrate these laws; it reduces all physical re* 
searches on the propagation of heat, to problems of the integral calculus whose 
elements are given by experiment. No subject has more exteneve relations 
with the progress of industry and the natural sciences; for the acticm of heat 
is always present, it penetrates all bodies and spaces, it influences the processes 
of the arts, and occurs in all the phenomena of the universe. 

When heat is unequally distributed among the different parts of a solid mass, 
it tends to attain equilibrium, and passes slowly from the parts which are 
more heated to those which are less; and at the same time it is dissipated at 
the surface, and lost in the medium or in the void. The tendency to uniform 
distribution and the spontaneous emission which acts at the surface of bodies, 
change continually the temperature at thdr different points. The problem 
of tiie propagation of heat consists in determining what is the temperature at 
each point of a body at a given instant, supposing that the initial temperatures 
are known. The following examples will more cleariy make known the nature 
of these problems. 

2. If we expose to tiie continued and uniform action of a source of heat, the 
same part of a metallic ring, whose diameter is large, the molecules nearest to 
the source will be first heated, and, after a certain time, every point of the 
sdlid will have acquired very nearly the highest temperature which it can at- 
tain. This limit or greatest temperature is not the same at different points; it 
becomes less and less according as they become more distant from point 
at which the source of heat is directly ai^lied. 

When the temperatures have become permanent, the source of heat sup- 
plies, at each instant, a quantity of heat which exactly compensates for that 
which is disedpated at all the points of the external surface of the ring. 

If now the source be suppressed, heat will continue to be propagated in the 
interior of the solid, but that which is lost in the medium or the void, will no 
longer be compensated as formerly by the supply frmn the source, so that all 
the temperatures will vary and diminish incessantly until they have become 
Squal to the tonperatures of the surrounding medium. 

3. Whilst the temperatures are permanent and the source remains, if at 
evety point of the mean drcumference of the ring an ordinate be raised peis 
pdidioular to the plane of the ring, whose length is proportional to tlm fixed 
tmnperature at that point, the curved line which passes throu^ the ends of 
titese ordinates vrill r^resoit the permanent state of the t^peratures^ and it 
is very eaqr todetermine byaordysis the natdreof this lina It Is to be remarimd 
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that the thickness of the ring is supposed to be sufficiently small for the tem* 
perature to be sensibly equal at all points of the same section perpendicular 
to the mean circumference. When the source is removed, the line which bounds 
the ordinates proportional to the temperatures at the different points will 
change its form continually. The problem consists in expressing, by one equa* 
tion, the variable form of this curve, and in thus including in a single formula 
all the successive states of the solid. 

4. Let z be the constant temperature at a point m of the mean circumference, 
X the distance of this point from the source, that is to say the length of the arc 
of the mean circumference, included between the point vft and the point o 
which corresponds to the position of the source; z is the highest temperature 
which the point m can attain by virtue of the constant action of the source, 
and this permanent temperature 2 is a function /(x) of the distance x. The 
first part of the problem consists in determining thfe‘ function /(x) which rejjh 
resents the permanent state of the solid. 1 

Consider next the variable state which succeeds to the former state as soon 


as the source has been removed; denote by t the time which has passed sinc0 
the suppression of the source, and by v the value of the temperature at th4 
point m after the time t The quantity v will be a certain function F (x, t) of 
the distance x and the time t) the object of the problem is to discover this func- 
tion F (x, t), of which we only know as yet that the initial value is / (x), so 
that we ought to have the equation / (x) (x, 0). 

5. If we place a solid homogeneous mass, having the form of a sphere or 
cube, in a medium maintained at a constant temperature, and if it x'emains 
immersed for a veiy long time, it will acquire at all its points a temperature 
Offering very little from that of the fluid. Suppose the mass to be withdrawn 
in order to transfer it to a cooler medium, heat will begin to be dissipated at 
its surface; the temperatures at different points of the mass will not be sensi- 
bly the same, and if we suppose it divided into an infinity of layers by surfaces 
parallel to its external surface, each of those layers will transmit, at each in- 
stant, a certain quantity of heat to the layer which surrounds it. If it be imag- 
ined that each molecule carries a separate thermometer, which indicates its 
temperature at every instant, the state of the solid will from time to time be 
represented by the variable system of all these thermometric heights. It is re- 
quired to expr^s the successive states by analytical formulae, so that we may 
know at any given instant the temperatures indicated by each thermometer, 
and compare the quantities of heat which flow during the same instant, be- 
tween two adjacent layers, or into the surroundmg medium. 

6. If the is spheried, and we denote by x the distance of a point of this 

mass from the centre of the sphere, by t the time which has elapsed since the 
con^encement of the coolmg, and by a the variable temperature of the pdnt 

’ f situated at the same distance * from the 

^tre of the sphere have the same temperature r. This quantity i; is a certain 
function F{x,t) of the radius * and of the time t; it mit be suchXtItS 

7. In the next place it is to be remarked that ^ v 
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paases into the medium. The value of this quantity is not cm^tant; it is great* 
est at the beginning of tiie cooling. If however we consider the variaUe state 
of the internal spherical surface whose radius is x, we easily see that there 
must be at each instant a certain quantity of beat which traverses that sur> 
face, and passes through that part of the mass which is more distant from the 
centre. This continuous flow of heat is variable like that through the ^eternal 
surface, and both are quantities comparable with each other; their ratios are 
numbers whose varying values are ftmetions of the distance x, and of the time 
t which has elapsed. It is required to determine these functions. 

8. If the mass, which has been heated by a long immersion in a medium, and 
whose rate of cooling we wish to calculate, is of cubical form, and if we deter- 
mine the position of each point m by three rectangular co-ordinates x, y, z, 
taking for origin the centre of the cube, and for axes lines perpendicular to the 
faces, we see that the temperature v of the point m after the time t, is a func- 
tion of the four variables x, y, z, and t. The quantities of heat which flow out 
at each instant through the whole external surface of the solid, are variable 
and comparable with each other; their ratios are analytical functions depend- 
ing on the time t, the exprestion of which must be assigned. 

9. Let tis examine also the case in which a rectangular prism of sufficiently 
great thickness and of infinite length, being submitted at its extremity to a 
constant temperature, whilst the air which surrounds it is maintained at a 
less temperature, has at last arrived at a fixed state which it is required to 
determine. All the points of the extreme section at the base of the prism have, 
by hypothesis, a common and permanent temperature. It is not the same with 
a section distant from the source of heat; each of the points of this rectangular 
surface parallel to the base has acquired a fixed temperature, but this is not 
the sfune at different points of the same section, and must be less at points 
nearer to the surface exposed to the air. We see also that, at each instant, 
there flows across a given section a certain quantity of heat, which alwa 3 r 8 
remains the same, since the state of the solid has become constant. The prob- 
lem consists in determining the permanent temperature at any given point of 
the solid, and the whole quantity of heat which, in a definite time, flows across 
a section whose position is given. 

10. Take as origin of co-ordinates x, y, z, the centre of the base oi the prism, 
and as rectangular axes, the axis of the prism itself, and the two perpendicu- 
lars on the sides: the permanent temperature v of the point m, whose co-ordi- 
nates are x, y, 2, is a fimction of three variables F(x, y, z) : it has by hypothesis 
a constant v^ue, when we suppose x nothing, whatever be the values of y 
and 2 . Suppose we take for the unit of heat that quantity which in the unit 
of time would emerge from an area equal to a imit of surface, if the heated 
mass which that area bounds, and wlfich is formed of the same substance 
as the prism, were continually maintained at the tempmkture of boiling 
water, and immersed in atmospheric air nuuntidned at the tonperature of 
melting ice. 

We see that the quantity of heat which, in the permanent state of the rec- 
tangular in*ism, flows, during a unit of time, across a certain section perpen- 
dicular to the axis, has a determinate ratio to the quantity of heat taken as 
unit. This ratio is not the same for all sections: it is a function ^(x) of the dia- 
tanee x, at which the section is tituated. It is required to find an analytioai 
eapressimi of the function ^(x). 
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lt« The foregoing exauaplcie suffice to pve 'an exact idea of the differtet^ssobH 
iems which we have discussed* 

Hie solution of these problems has made us understand that the effedis ol 
the propagation of heat depend in the case of every solid substance^ on three 
dementaiy qualities, which are, its capacity for heat, its own conductivity, 
and the exterior conductivity. 

It has been observed that if two bodies of the same volume and of different 
nature have equal temperatures, and if the same quantity of heat be added to 
them, the increments of temperature are not the same; the ratio of these inere* 
ments is the inverse ratio of their capacities for heat. In this maimer, the first 
of the three specific elements which regulate the action of heat is exactly de- 
fined, and physicists have for a long time known several methods of determin^- 
ing its value. It is not the same with the two othera; their effects have often 
been observed, but there is but one exact theory which can fairly distingui^, 
define, and measure them with precision. I 

The proper or interior conductivity of a body expresses the facility wfth 
which heat is propagated in passing from one internal molecule to anoth#. 
The external or relative conductivity of a solid body depends on the facility 
with which heat penetrates the surface, and passes from this body into a jgiven 
medium, or passes from the medium into the solid. The last property is modi- 
fied by the more or less polished state of the surface; it varies also according to 
the medium in which the body is immersed; but the interior conductivity can 
change only with the nature of the solid. 

These three elementary qualities are represented in our formulae by constant 
numbers, and the theory itself indicates experiments suitable for measuring 
their values. As soon as they are determined, all the problems relating to the 
propagation of heat depend only on numerical analysis. The knowledge of 
these specific properties may be directly useful in several applications of the 
ph3rsical sciences; it is besides an element in the study and description of differ- 
ent substances. It is a very imperfect knowledge of bodies which ignores the 
relations which they have with one of the chief agents of nature. In general, 
there is no mathematical theory which has a closer relation than this with pub- 
Im economy, since it serves to give clearness and perfection to the practice of 
the munerous arts which are founded on the employment of heat, 
u probl^ of the te^trial temperatures presents one of the most 

idea to be formed of it 
gi®be are unequally exposed to ttie 
depends on the latitude 

of tiie plaee, it changes also m the course of the day and in the course of tiie 
year, and is subject to other less perceptible ineoualities It ia AvirlMf 
between the viable stete of the surfaced 

a necessary relation exists, which mav be derivwl *?^’*^*^ 

at a certain depth below 4e surfZ ofTo^T^ from theoiy. We know 

{dace mcpeiiences no annual variation- this * 8^^*® 

b^es less and less acSg 

frian the equator. We mav then w™ “?ro and more distant 

lop., the tSch.e» rf S «« 
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molecvde has iiko:a fixed tempei»tcire detenainad I 13 F i (9 poeiMon. T 1 j 9 ibal^ 
iaatioal pKibtem eoiudBte in diseovering the fix^ t^peratuie e.t bx^ ipvan - 
point, and ilie law wfaidi the sdUur heat fofiows whilst penetrating the interior 
of the earth. 

This diverrity 'oi temperature interests us still more, if we conrider the 
dianges which succeed each other in the envelope itself on the surface of which 
we dwell. Those alternations of heat and cold which are reproduced every day 
and in the course of every year, have been up to the present time the object d 
repeated observations. These we can now submit to calculation, and from a 
common theory derive all the particular facts whidi experience has taught ua. 
'Hie problem is reducible to the hypotheris that every point of a vast sphere is 
affected hy periodic temp^atures; analysis then tells us according to what law 
the intenrity of these variations decreases according as the depth increases, 
what is the amount of the annual or diurnal changes at a given depth, the 
epoch of the <hangM, and how the fixed value of the underground temperature 
is deduced from the variable temperatures observed at the surface. 

13. The general equations of the propagation of heat are partial differential 
equations, and though their form is very ample the known methods do not 
furnish any general mode of integrating them; we could not therefore deduce 
from them the values of the temperatures after a definite time. The numerical 
interpretation of the results of analysis is however necessary, and it is a degree 
of perfection which it would be very imp>ortant to give to evray application of 
analysis to the natural sciences. So long as it is not obtained, the solutions may 
be said to remain incomplete and useless, and the truth which it is proposed to 
discover is no less hidden in the formula of analysis than it was in ^e physical 
problem itself. We have applied ourselves with much care to this purpose, and 
we have been able to overcome the difficulty in all the problems of which we 
have treated, and which contain the chief elements of the theory of heat. There 
is not one of the problems whose solution does not provide convenient and 
exact means for discovering the numerical values of the temperatures acquired, 
or those of the quantities of heat which have flowed through, when the values 
of the time and of the variable coordinates are known. Thus will be given not 
only the differential equations wluch the functions that express the values of 
the temperatures must satisfy; but the functions themselves will be given 
under a form which facilitates the numerical applications. 

14. In order that these solutions might be general, and have an extent equal 
to that of the problem, it was requisite tiiat they should accord with the initial 
state of the temperatures, whidi is arbitrary. The examination of this condition 
shews that wemay develop in convergent series, or ^ress by definiteintegrals, 
fimctions which are not subjed to a constant law, and which represent the 
ordinates or irr^lar or discontinuous lines. This property throws a new light 
<m the theory of partial differoitial equations, and octends the employment ai 
arbitrary functions by submitting them to the ordinmy processes of ahaljnds. 

V 1& It still remained to compare the facts with theory. With this view, varied 
arid exact experiments were undertaken, vdiose results were in conformity 
wi& those of analysis, and gave them an authority which one would have been 
dhq xwed to refuse to them in a new matter which seemed subject to so maoh 
sm^rtainty. These experiments confirm the principle from which we started^ 
and whieh is adopted all physicists in ^te of the divamty cf thehr hyi>o» 
thsses on the nature of heat. « ' ’ 
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16. Equi]il»ium of temperature is effected not only by way of contact, it is 
establicdied also between bodies separated from each other, which are situated 
for a long time in the same region. This effect is independent of contact with a 
medium; we have observed it in spaces wholly void of air. To complete our 
theory it was necessary to examine the laws which radiant heat follows, on 
leaving the surface of a body. It results from the observations of many phyra- 
cists and from our own experiments, that the intensities of the different rays, 
which escape in all directions from any point in the surface of a heated body, 
depend on the angles which their directions make with the surface at the same 
point. We have proved that the intensity of a ray diminishes as the ray makes 
asmaller angle with the element of surface, and that it is proportional to the sine 
of that angle. This general law of emission of heat which different observations 
1^ already indicated, is a necessary consequence of the principle of the equi- 
librium of temperature and of the laws of propagation of heat in solid bodite. 

Such are the chief problems which have been discussed in this work; they 
are all directed to one object only, that is to establish clearly the mathematic^ ' 
principles of the theory of heat, and to keep up in this way with the prog 
of the useful arts, and of the study of nature. 

17. lYom what precedes it is evident that a very extensive class of phenom- 

ena exists, not produced by mechanical forces, but resulting simply from the 
presence and acciunulation of heat. This part of natural philosophy cannot be 
connected with dynamical theories, it has principles peculiar to itself, «.nH ig 
founded on a method similar to that of other exact sciences. The solar heat, for 
example, which penetrates the interior of the globe, distributes itself tViAit>in 
according to a regular law which does not depend on the laws of motion, and 
o^ot be determined by the principles of mechanics. The dilatations which 
the repulsive force of heat produces, observation of which serves to measure 
t^I^ratures, are in truth dynamical effects; but it is not these dilatations 
^ 1 o when we investigate the laws of the propagation of heat. 

18. There are other more complex natural effects, which depend at the same 

time on the influence of heat, and of attractive forces; thus, the variations of 
temperatures which the movements of the sun occasion in the atmosphere and 
m the ocean, ch^ge ^ntinu^ly the density of the different parts of the air 
md the watera. Tae effect of the forces which these masses obey is modified at 
olnZ distnbution of heat, and it cannot be doubted that this 

regular winds, and the chief currents of the sea; the solar 

reading this work, that heat attains in bodies a 

<«BWbutio«,”Xoh 

which depends only on the form of the solid In the f 

tures of all the points ate lowered in the same time temperar 

other the same ratios: in order to express this nroi^rt^ preserve ^onpt each 

oontain terms composed of exnoi^ntinir^^a**’^^ 
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Several problems of mechanics present analogous results, sudi as the isodi- 
ronism of oscillations, the multiple resonance of sonorous bodies. Common 
6]q)erimentB had made these results remarked, and analysis afterwards demon- 
strated their true cause. As to those results which depend on changes of t^- 
perature, they could not have been recognised except by very exact experi- 
ments ; but mathematical analysis has outrun observation, it has supplemented 
our senses, and has made us in a manner witnesses of regular and harmonic 
vibrations in the interior of bodies. 

20. These considerations present a singular example of the relations which 
exist between the abstract science of numbers and natural causes. 

When a metal bar is exposed at one end to the constant action of a source of 
heat, and every point of it has attained its highest temperature, the system of 
fixed temperatures corresponds exactly to a table of logarithms; the numbers 
are the elevations of thermometers placed at the different points, and the 
logarithms are the distances of these points from the source. In general, heat 
distributes itself in the interior of solids according to a simple law expressed by 
a partial differential equation common to physical problems of different order. 
The irradiation of heat has an evident relation to the tables of sines, for the 
rays which depart from the same point of a heated surface, differ very much 
from each other, and their intensity b rigorously proportional to the sine of the 
angle which the direction of each ray makes with the element of surface. 

If we could observe the changes of temperature for every instant at every 
point of a solid homogeneous mass, we should discover in these series of ob- 
servations the properties of recurring series, as of sines and logarithms; they 
would be noticed for example in the diurnal or annual variations of tempera- 
ture of different points of the earth near its surface. 

We should recognise again the same results and all the chief elements of 
general analysis in the vibrations of elastic media, in the properties of lines or 
of curved surfaces, in the movements of the stars, and those of light or of 
fluids. Thus the functions obtained by successive differentbtions, which are 
employed in the development of infinite series and in the solution of numerical 
equations, correspond abo to physical properties. The first of these fimetions, 
or the fluxion properly so called, expresses in geometry the inclination of the 
tangent of a curved line, and in dynamics the velocity of a moving body when 
the motion varies ; in the theory of heat it measures the quantity of heat which 
flows at each point of a body across a given surface. Mathematical analy^ has 
therefore necessary relations with sensible phenomena; its object is not crested 
by human intelligence; it b a pre-existent element of the universal order, and 
b not in any way contingent or fortuitous; it b imprinted throughout all 
nature. 

21. Observations more exact and more varied will presently ascertain 
whether the effects of heat are modified by causes which have not yet been 
percdved, and the theory will, acquire fresh perfection by the continued com- 
parison of its results with the results of experiment; it will explain some im- 
portant phenomena which we have not yet been able to submit to cabulalion; 
it will shew how to determine all the thermometric effects of the solar rays, the 
fixed or variable temperature which would be observed at different dbtances 
from the equator, whether in Ihe interior of the earth or beyond the limits of 
the atmosphere, whetiier in the ocean or in different x^ons of the mr. From it 
will be derived mathematical knowledge of the great movements which 
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r«salt fran tiie influemee of heat combined that of |p»vflyv 'n»e same 
principles will serve to measure the conductivities, proper or relative, of dif^ 
ferent bodies, and tiieir specific capacities, to distinguish all the causes 'which 
mo<fify the emission of beat at the surface of solids, and to perfect thermonaet- 
ric instruments. 

The theory of heat will always attract the attention of mathfflnaticiaM, by 
the rigorous exactness of its elements and the analytical difficulties peculiar to 
it, and above all by the extent and usefulness of its applications; for all its 
consequences concern at the same time general physics, the operations of the 
arts, domestic uses and civil economy. 


SECTION II. Preliminary Definitions and General Notions 


22. Of the nature of heat uncertain hypotheses only could be formed, but 
knowledge of the mathematical laws to which its effects are subject is ind^ 
pendent of all hypothesis; it requires only an attentive exammation of tqjc 
chief facts which common observations have indicated, and which have beeh 
confirmed by exact experiments. 

It is necessary then to set forth, in the first place, the general results of 
observation, to give exact definitions of all the elements of the analysis, and to 
establish the principles upon which this analysis ought to be founded. 

The action of heat tends to expand all bodies, solid, liquid or gaseous; this is 
the property which gives evidence of its presence. Solids and liquids increase in 
volume, in most cases, if the quantity of heat which they contain increases; 
they contract if it diminishes. 

When all the parts of a solid homogeneous body, for example those of a mass 
of metal, are equally heated, and preserve without any change the same quan- 
tity of heat, they have also and retain the same density. This state is expressed 
by saying that throughout the whole extent of the mass the molecules have a 


common and permanent temperature. 

23. The thermometer is a body whose smallest changes of volume can be 
appreciated; it serves to measure temperatures by the dilatation of a fluid or 
of air. We assume the construction, use and properties of this instrument to be 
accuratdy known. The temperature of a body equally heated in every part, 
and which kreps its heat, is that which the thermometer indicates when it is 
and remains in perfect contact with the body in question. 

Perfect contact is when the thermometer is completely immersed in a fluid 
mass, and, in general, when there is no point of the external surfrwje of the 
uffitrument which is not touched by one of the points of the solid or liquid 
whose temperature is to be measured. In experiments it is not always necrasary 
^t this condition should be rigorously observed; but it ought to be assumed 
m order to make the definition exact. 


m fix^ t^^raturre are determined on, namely: the temperature of 
? If temperature of boiling water 

^ will denote by 1 : the water is supposed to be boifing under an atinospheriS 

barometer (76 centimetre?), tiie 
^ ®t the temperature 0. 1 

26. Different quai^tire of heat are measured by determining faow'matiy 
gpre ttey contra fixed quantity which is taken 2i the unit. SuStST JSS 
V to h.™g . drftote »«ght (. kilogBunm.) «> be at tempeSta^ JShS 



Swffi ll THimiPiOF HEAT ' 186 

be oonveeted^bto water at tiie same temperature 0 addition of a 

quantity of heat: the quantity of heat thus added is taken as the unit of 
measurei Henoe the quantity of heat expressed by a number C contains C 
times the quantity required to melt a kilogramme of ice at the temperatiire 
xeio into a mass of water at the same zero t^perature. 

26. To raise a metallic mass having a certain weight, a kilogcamme of iron 
lor example, from the temperature 0 to the temperature 1, a new quantity 
heat must be added to that which is already contained in the mass. The num- 
ber C which denotes this additional quantity of heat, is the specific capacity of 
iron for heat; the number C has very different values for different substances. 

27. If a body of definite nature and weight (a kHograinme of mercury) 
occupies a volume V at temperature 0, it will occupy a greater voltune F+A, 
when it has acquired the temperature 1, that is to say, when the heat which it 
contained at the t^perature 0 has been increased by a new quantity C, equal 
to the specific capacity of the body for heat. But if, instead of adding this 
quantity C, a quantity zC is added (z being a number positive or n^ative) the 
new volume will be F+5 instead of F+A. Now experiments shew that if * is 
equal to i, the increase of Volume S is only half the total increment A, and that 
in general the value of £ is zA, when the quantity of heat added is zC. 

28. The ratio z of the two quantities zC and C of heat added, which is the 
Mune as the ratio of the two increments of volume 6 and A, is that whidh is 
called the temperature', hence the quantity which expresses the actiial tempera- 
ture of a body represents the excess of its actual volume over the volume which 
it would occupy at the temperature of mdting ice, unity representing the 
whole excess of volume which corresponds to the boiling point of water, ov^ 
the volume which corresponds to the melting point of ice. 

29. The increments of volume of bodies are in general proportional to the 
increments of the quantities of heat which produce the dilatations, but it must 
be remarked that this proportion is exact only in the case where ^e bodies in 
question are subjected to temperatures remote from those vitich determine 
their change of state. The application of these results to all liquids mxist not be 
relied on; and with respect to watw in particular, dilatations do not alvuiys 
follow augmentations of heat. 

In general Ihe temperature are numbers proportional to the quantitie of 
heat added, and in the cases oomudeed by us, these munbets are proportional 
also to the increm«its of volume. 

30. Suppose that a body boimded by a plane surface having a certain are 
(a square metre) is maintained in any manner whatever at constant tempera- 
ture 1, -common to all its points, and that the surface in questicm is in contact 
with air maintained at temperature 0: the heat which escapes continuously at 
the surface and passes into the surrounding medium will be r^)laoed always 
by tilie heat which proceeds from the constant cause to whose acticm the body 
is exposed; thus, a certain quantity of heat dmroted by h will flow throxigh the 
BuzfiacB in a definite time (a minute). 

Tbisaaacamt A, of a flow continuous and alumys mmilar to itself, which takes 
^tine at a unit of suzflEtce at a fixed temperature, m the measure of tlm extmud 
Qondutifaility of the body, that is to say, of tlm fadlity with which its sutfoee 
tianst^tS heat to the atmoqiheric air. 

Tbe air is supposed to be continually di^laoed with a pven uniform veloo- 
flgrtbutif the velocity of tiieouixentmcrea^, tiw quanti^ erf heat c ommuilir 
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cated to tibe medium would vary also: the same would happen if the density of 
the medium were increased. 

31. If the excess of the constant temperature of the body over the tempera- 

ture of surrounding bodies, instead of being equal to 1, as has been supposed, 
had a less value, the quantity of heat dissipated would be less than h. The 
result of observation is, as we shall see presently, that this quantity of heat 
lost may be regarded as sensibly proportioiml to the excess of the temperature 
of the body over that of the air and surrounding bodies. Hence the quantity k 
having been determined by one experiment in which the surface heated is at 
temperature 1, and the medium at temperature 0; we conclude that hz would 
be the quantity, if the temperature of the surface were z, all the other circum- 
stances remaining the same. This result must be admitted when z is a small 
fraction. , 

32. The value h of the quantity of heat which is dispersed across a heated 
surface is different for different bodies ; and it varies for the same body acco^- 
ing to the different states of the surface. The effect of irradiation diminishes\as 
the surface becomes more polished; so that by destroying the polish of tne 
surface the value of A is considerably increased. A heated metallic body will be 
more quickly cooled if its external surface is covered with a black coating suck 
as will entirely tarnish its metallic lustre. 

83. The rays of heat which escape from the surface of a body pass freely 
through spaces void of air; they are propagated also in atmospheric air: their 
directions are not disturbed by agitations in the intervening air: they can be 
reflected by metal mirrors and collected at their foci. Bodies at a high tempera- 
ture, when plunged into a liquid, heat directly only those parts of the mggg 
with which their surface is in contact. The molecules whose distance from this 
surface is not extremely small, receive no direct heat; it is not the same with 
agriform fluids ; in these the rays of heat are borne with extreme rapidity to 
considerable distances, whether it be that part of these rays traverses freely 
tile layers of air, or whether these layers transmit the rays suddenly without 
altering their direction. 


34. When the heated body is placed in air which is maintained at a seninbly 
co^tant temperature, the heat communicated to the air makes the layer of the 
fluid nearest to the^ surface of the body lighter; this layer rises more quickly 
the more intensely it is heated, and is replaced by another mass of cool air. A 
current is thus established in the air whose direction is vertical, and whose 
vdocity is greater as the temperature of the body is higher. For this reason if 
the body cooled itself gradually the velocity of the current would diminish 

l^e tCTiperature, and the law of cooling would not be exactly the same as 
if tile body were exposed to a current of air at a constant velocity. 

35. When bo^es are sufficiently heated to diffuse a vivid light, part of thdr 
ramwt h^t mixed with that light can traverse transparent solids or liquids, 
and u subject to the force which produces refraction. The quantity of heat 
which possess^ this faculty becomes less as the bodies are less inflamed; it is. 
we may msenable for very opaque bodies however highly they may be 
heated. A thm transparent plate intercepts almost all the direct heat whidi 
pn^s from an ardent mass of metal; but it becomes heated in proportion 
«^e mtercepted raj^ are accumulated in it; whence, if it is formi ofiee, it 

hqiud: but if this pUte of iou U, eupoood to th. laytTuS it 
allows a sensible amoimt of heat to pass through with the light. 
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36. We have tak^ as the measure eS the eactdraidl eondnetivi^ of a solid 
body a coe£5eient h, which denotes the «)uantity of heat<ivhidi wo^d pass, in a 
definite time (a minute), from the surface of tibis body, into atmospheitc air, 
supposing that the surface had a definite extent (a square metre), that the 
constant temperature of the body was 1, and tbat <of the air 0^ miA that the 
heated surface was exposed to a current of air of a given invariable velocity. 
This value of h is determined by observation. The quantity of heat expressed 
by the coefficient is composed of two distinct parts which cannot be measured 
except by very exact experiments. One is the heat commimicated way 
contact to the surrounding air: the other, much less than the first, is the radi* 
ant heat emitted. We must assume, in our first investigations, that the quan- 
tity of heat lost does not change when tiie temp^atures of the body and of the 
medium are augmented by the san^ sufficiently small qruintity. 

37. Solid substances differ again, as we have already remarked, by their 
property of being more or less permeable to heat; this quality is their conduc- 
tivity proper: we shall give its definition and exact measure, after having 
treated of the uniform and linear propagation of heat. Liquid substances 
possess also the propeity of transmitting heat from molecule to molecule, and 
the numerical value of their conductivity varies according to the nature of the 
raibstances: but tiiis effect is observed with difficulty in liquids, since their 
molecules change places on change of temperature. The propagation of heat in 
them depends chiefly on this continual displacement, in all cases where the 
lower parts of the mass are most exposed to the action of the source of heat. 
If, on the contrary, the source of heat be applied to that part of the mass 
which is highest, as was the case in several of our experimento, the transfer of 
heat, which is very slow, does not produce any displacement, at least when the 
increase of temperature does not diminish the volume, as is indeed noticed in 
singular cases bordering on changes of state. 

38. To this explanation of the chief results of observation, a general remark 
must be added on equilibrium of temperatures; which consists in this, that 
different bodies plac^ in the same region, all of whose parts are and remain 
equally heated, acquire also a common and permanent temperature. 

Suppose that all the parts of a mass M have a common and constant tem- 
perature a, which is maintained by any cause whatever: if a smaller body m 
be placed in perfect contact with the mass M, it will assume the common 
temperature a. 

In reality this result would not strictly.occur except aft(^ an infinite time: 
but the exact meaning of the proposition is that if the body m had the tempera^ 
tore a before being placed in contact, it would keep.it without any change. 
The same would be the ease with a multitude of other bodies n, p, q, r each 
of which was placed separately in perfect contact with the mass M : all 
would acquire the constant temperature a. Thus a thermometer if suecee- 
sively applied to the different bodies m, n, p, q, r would indicate the same tem- 
perature. 

39. The effect in question is independmt of contact, and would still occur; if 
every part of the body tn were enclosed in the soUd M, as in an enclosure, 
without touching any of its parts. For example, if the solid were a spherical 
envelope of a certain tiiielmess, maintained by some external cause at a.'toQH 
perature .a, and containing a space entirely deprived of air, and if 'the body m 
could be placed in any part whatever this spherical space, iiritiioat touaiung 
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turi/f pftiht. ftf thA i«t*www>.l awrfflMB of Uie eBotosuue; it would ttc<)uire the -ccoDoaion 
tenipKttture a, or it would. preserve it if it had'it already^ The residt 

jsrould b© the same for all the other bodi^ n, p, r, whether they .were piae^ 
sepaistely or all together in the same -^closure, and whatever also their 
mbstanoe and form sni^t be. ^ ' 

40. ^ modes of presenting to ourselves the action of heat, tiiat which 
iMMumti timidest and most conformable to observation, consuls in comparing 
titds-actimi to that of light. Molecules separated from one another reciprocally 
eommunicate, across empty space, tiieir rays of heat, just as shining bodies 
transmit thdr light. 

If within an enclosure closed in all directions, and maintained by some 
extmial cause at a fixed temperature a, we suppose different bodies to be 
placed without touching any part of the boundary, different effects will bo 
observed according as the bodies, introduced into this Space free from air, are 
more or less heated. If, in the first instance, we insert only one of these bodies, 
at the same temperature as the enclosure, it will send from all points of its 
surface as much heat as it receives from the solid which surrounds it, and is 
maintained in its original state by this exchange of equal quantities. 

If we insert a second body whose temperature b is less than a, it will at first 
receive from the surfaces which surround it on all sides without touching it, a 
quantity of heat greats than that which it gives out: it will be heated more 
and more and will absorb through its surface more heat than in the first 
instance. 

. The initial temperature b continually rising, will approach without ceasing 
the fixed temperature a, so that after a certain time the difference will be 
almost insensible. The effect would be opposite if we placed within the same 
enclosure a third body whose temperature was greater than a. 

41. All bodies have the property of emitting heat through their surface; the 
hotter they are the more they emit; the intentity of the emitted rays changes 
very considerably with the .state of the surface. 

< 42. Every surface which receives rays of heat from surrounding bodies 
reflects part and admits the rest: the heat which is not reflected, but intro> 
duoed through the surface, accumulates within the solid; and so long as it 
exceeds the quantity dissipated by irradiation, the temperature rises. 

43. The rays which tend to go out of heated bodies are arrested at the sur- 
face by a force which reflects part of them into the interior of the itijijmi The 
cause which hinders the incident rays from trav^ising the surface, which 
divute these r&yB into two parts, of which one is reflected and the other 
admitted, acts in tiie same maimer on the rays which are directed from the 
interior of the body towards extmxal space. 

, i .If by mo^ying the state erf the surface we increase the force by which it 
r^ects the incidmt rays, we increase at the same time the power which it has 
of reflecting towards the interior of the body rays which are tending to go out. 
The inrident rays introduced into the mass, and the rays emitted through tibe 
riirfaee, axe equa% diminished in quantity. 

44. Il 'withm the eadosure above mentioned a numb^ of boefles werephtoed 

it same time, separate from each otiier and unequally he ated, .tiiqy would 
neeive and tnmamit raj^a of heat so that at eadh exchange thrir t^peroturee 
wovdii tioittiimaUy vuy, and would ail tend to become equal to the fixed 
temiMratuie of the endoBure. . . . , 1 : . . 
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Tl3a& effect ki ipreds^ tiie same as iiiat oooure wimti beat is ptepa* 

^ted witbin stdid ixxfies; for the molecules which compose these bodies are 
separated by spaces void of air, and have the property of reomving, aoeumulat* 
ing and emittiug heat.' Each of them sends out rays on all sides, and at lbs 
satne time recmves other rays from the molecules which surround it.- 

45. The heat givoi out by a point situated in the interior of a sofid mass can 
pass directly to an extremely small distance only ; it is, we may say, intercepted 
by tiie nearest particles; these particles only recave the hCat directiy and act 
on more distant points. It is Afferent with gaseous fluids; the direct ^ects of 
radiation become sensible in them at very considerable distances. 

46. Thus the heat which escapes in all directicms from a part of the surface 
of a solid, passes on in air to very distant points; but is emitted only by those 
molecule of the body which are extremely near the surface. A pomt o( a 
heated mass situated at a very small distance from the plane superficies which 
separates the mass from external space, sends to that space an infinity of rays^ 
but they do not all arrive there; they are diminished by all that quantity of 
heat which is arrested by the intermediate molecules of the solid. The part cd 
the ray actually dispers^ into space becomes less according as it traverses a 
longer path within the mass. Thus the ray which escapes popendicular to the 
surface has greater intensity than that which, departing from the same point, 
follows an oblique direction, and the most oblique rays are wholly intercepted. 

The same consequences apply to all the points which are near enough to ibe 
surface to take part in the emission of heat, from which it necessarily fcdlowB 
that the whole quantity of heat which escapes from the surface in the normal 
direction is very much greater than that whose direction is oblique. We have 
submitted this question to calculation, and our analysis proves that the intent 
sity of the ray is proportional to the sine of the angle which the ray makes witb 
the dement of surface. Experiments had already indicated a similar result. 

47. This theorem expresses a general law which has a necessary connection 
with the equilibrium and mode of action of heat. If the rays which escape from 
a heated surface had the same intensity in all directions, a thermometer placed 
at one of the points of a space bounded on all tides by an oiclosure maintained 
at a constant temperature would indicate a temperatiire incomparably greater 
than that of the enclosure. Bodies placed within this enclosore would not take 
a common tempo-ature, as b always noticed; the temperature acquired by 
them would depend on the place which they occujaed, or on their form, or<xi 
the forms of neighbouring bodies. 

'The same results would be observed, or other effects equally opposed to 
common experience, if between the rays whichescape from the same pcdnt any 
ether relations were admitted diffoent from those which we have enunciated; 
We have recognised this law as the only one compatible with the general fact 
of the equilibrium of radiant heat. 

48. If a space free from air is bounded on all E^ee hy a solid enclosure whoM 
parts are maintained at a common axui constant temperature a, and if a thov 
mometer, having the actual temperature a; is placed at any point whatevar .bC 
the space, its temperature will continue without ax^ change. It will reetivb 
therefore at each-instaht from the inhar Surface oi the enclosure as mutix hekfc 
<»H|^ves out to it. This effect of the rays of Imait-ia a given space is, 

. iq)6aM]g, ihe nseaeture^tff Ihe^tanperature: but this eoosideraticm prasupposea 
theiBatiiamii.tical thei»y< of radiant heat^ ■ v v ' wn 
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If HOW between the thermometer and a part of the surface of the enclosure a 
body M be placed whose temperature is a, the thermometer will cease to 
receive rays from one part of the inner surface, but the rays will be replaced by 
those which it will receive from the interposed body M, An easy calculation 
proves that the compensation is exact, so that the state of the thermometer 
wll be unchanged. It is not the same if the temperature of the body M is 
different from that of the enclosure. When it is greater, the rays which the 
interposed body M sends to the thermometer and which replace the inter-^ 
oepted rays convey more heat than the latter; the temperature of the ther- 
mometer must therefore rise. 

If, on the contrary, the intervening body has a temperature less than a, that 
of the thermometer must fall; for the rays which this body intercepts are 
replaced by those which it gives out, that is to say, by rays cooler than those * 
of the enclosure ; thus the thermometer does not receive all the heat necessary I 
to maintain its temperature a. ^ ^ 

49. Up to this point abstraction has been made of the power which all sur- 
faces have of reflecting part of the rays which are sent to them. If this property 
were disregarded we should have only a very incomplete idea of the equilib- 
rium of radiant heat. 

Suppose then that on the inner surface of the enclosure, maintained at a 
consent temperature, there is a portion which enjoys, in a certain degree, the 
pdwer in question; each point of the reflecting surface will send into space two 
kinds of rays; the one go out from the very interior of the substance of which 
the enclosure is formed, the others are merely reflected by the same surface 
against which they had been sent. But at the same time that the surface repels 
on the outside part of the incident rays, it retains in the inside part of its own 
rays. In this respect an exact compensation is established, that is to say, every 
one of its own rays which the surface hinders from going out is replaced by a 
lafiected ray of equal intensity. 

The same result would happen, if the power of reflecting rays affected in any 
degree whatever other parts of the enclosure, or the surface of bodies placed 
within the same space and already at the common temperature. 

Thus the reflection of heat does not disturb the equilibrium of temperatures, 
and does not introduce, whilst that equilibrium exists, any change in the law 
aocOrdi^ to which the intensity of rays which leave the same point decreases 
proportionally to the sine of the angle of emission. 

60. Suppose that in the same enclosure, all of whose parts maintain the 
teinperature a, we place an isolated body Af , and a polished metal surface 22, 
which, turning its concavity towards the body, reflects great part of the rays 
which it received from the body; if we place a thermometer between the body 
M and the reflecting surface /2, at the focus of this mirror, three different 
^ects will be observed according as the temperature of the body Af is equal to 
the common temperature a, ;or is greater or less. 

In the first case, the thermometer preserves the temperature a; it receives 
1®, rays of heat from all parts of the enclosure not hidden from it by the body 
JIf or by th6 mirror; 2®, rays given out by the body; 3®, those which the surface 
M sends out to the focus, whether they come from the mass of the mirror 
iiBadfjr or whether its surface has simply reflected them; and amongst the last 
we«may distinguish between, those which have been sent to the mirror by the 
mass ilf , and those which it has received from the enclosure. All the rays ia 
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question proceed from surfaces wMch, by hypotbesis, have a comnron tempo*- 
ature a, so Ibat the thmnometer is precisely in the same state as if the space 
bounded by the enclosure contained no other body but itself: 

In the second case, the thermometer placed between the heated body M and 
the mirror, must acquire a temperature greater than a. In reality, it receives 
the same rays as in the first hypothesis; but with two remarkable differences: 
one arises from the fact that the rays sent by the body M to the mirror, and 
reflected upon the thermometer, contain more heat than in the first case. The 
other difference depends on the fact that the rays sent directly by the body M 
to the thermometer contain more heat than formerly. Both causes, and chiefly 
the first, assist in raising the temperature of the thermometer. 

In the third case, that is to say, when the temperature of the mass M is less 
than a, the temperature must assume also a temperature less than a. In fact, it 
receives again all the varieties of rays which we distinguished in the first case: 
but there are two kinds of them which contain less heat than in this first 
hypothesis, that is to say, those which, being sent out by the body M, are 
reflected by the mirror upon the thermometer, and those which the same body 
M sends to it directly. Thus the thermometer does not receive all the heat 
which it requires to preserve its original temperature a. It gives out more heat 
than it receives. It is inevitable then that its temperature must fall to the 
point at which the rays which it receives suffice to compensate those which it 
loses. This last effect is what is called the reflection of cold, and which, prop- 
srly speaking, consists in the reflection of too feeble heat. The mirror inter- 
septs a certain quantity of heat, and replaces it by a less quantity. 

51. If in the enclosure, maintained at a constant temperature a, a body M 
be placed, whose temperature o' is less than o, the presence of this body will 
lower the thermometer exposed to its rays, and we may remark that the rays 
sent to the thermometer from the surface of the body M, are in general of two 
kinds, namely, those which come from inside the mass M, and those which, 
coming from different parts of the enclosure, meet the surface M and are 
reflected upon the thermometer. The latter rays have the common tempera- 
ture o, but those which belong to the body M contain less heat, and these are 
the rays which cool the thermometer. If now, by changing the state of the 
surface of the body M, for example, by destroying the polish, we diminish the 
power which it has of reflecting the incident rays, the thermometer will fall 
still lower, and will assume a temperature a" less than a. In fact all the condi- 
tions would be the same as in the preceding case, if it were not that the body 
M gives out a greater quantity of its own rays and reflects a less quantity of 
the rays which it receives from the enclosure; that is to say, these last ra3ns, 
which have the common temperature, are in part replac^ by cooler rasrs. 
Hence the thermometer no longer receives so much heat as formerly. 

If, independently of the change in the surface of the body M, we place a 
metal mirror adapted to reflect upon the thermometer the rays which have 
left M, the temperature will assume a value o'" 1^ than o". The mirror, in 
fact, intercepts from the thermometer part of the rays of the enclosure wfai(dir 
all have the temperature a, and replaces them by tiiree kinds of rays; namely, 
1", those which come from the interior of the mirror itself, and which have iih» 
common temperature; 2**, those which the different parts of the enclosure send 
to the mirror with llie same temperature, and which are reflected to the fociis; 
3**, tlioee which, coming from the interior of tiie body M . fall upon the ndnur^' 
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and axe wflectad upon the ttieraiometer. The rays 

tK«« a; haece the thennometer n6 longer receives so much heat as it recei ed 

before the mirror was set up- . _ ^ 

Lastly, if we proceed to change also the state of the 
end by Sving it a more perfect polish, increase its power of reflect^ 
thermometefwill fall still lower. In fact, all the conditions exist wluch ocou^ 

in the preceding case. Only, it happens Mow 

tity of its own rays, and replaces them by those which it reflate. Now, 
amongst these last rays, all those which proceed from the interior of the mass 
M are less intense than if th^ had come from the interior of the metel mirror; 
hence the thermometer receives still less heat than formerly: it will assume 
therefore a temperature a"" less than a'". 

By the same principles all the known facts of the rachation of heat or of cold , 

ere easily explained- ^ ^ | 

62. The effects of heat can by no means be compared with those of an elastic \ 


fluid whose molecules are at rest. 

It would be useless to attempt to deduce from this hyp)othesis the laws of 
propagation which we have explained in this work, and which all experience 
confirmed. The free state of heat is the same as that of light; the active 
state of this element is then entirely different from that of gaseous substances. 
Heat acts in the same manner in a vacuum, in elastic fluids, and in liquid or 
solid masses, it is propagated only by way of radiation, but its sensible effects 
differ according to the nature of bodies. 

63. Heat is the origin of all elasticity; it is the repulsive force which pre- 
serves the form of solid masses, and the volume of liquids. In solid masses, 
oeighbouring molecules would yield to their mutual attraction, if its effect 
were not destroyed by the heat which separates them. 

This elastic force is greater according as the temperature is higher ; which is the 
reason why bodies dilate or contract when their temperature is raised or lowered . 

64, The equilibrium which exists, in the interior of a solid mass, between the 
repulsive force of heat and the molecular attraction, is stable; that is to say, it 
re-establishes itself when disturbed by an accidental cause. If the molecules 
are arranged at distances proper for equilibrium, and if an external force 
begins to increase this distance without any change of temperature, the effect 
of attxaction begins by surpassing that of heat, and brings back the molecules 
to their original position, after a multitude of oscillations which become less 
and less sensible. 

^ s imil a r effect is exerted in the opposite sense when a mechanical cause 
diminishes the primitive distance of the molecules; such is the origin of the 
vibrations of sonorous or flexible bodies, and of all the effects of their elasticity. 

66. In the liquid or gaseous state of matter, the external pressure is addi- 
tional or supplementary to the molecular attraction, and, acting on the sur- 
face,. d(^ not oppose change of form, but only change of the volume occupied. 
Analytical inv^tigation will best shew how the repulsive force of heat, opposed 
to the attracticm of the molecules or to the external pressure, assists fet the 
oompoirition of bodies, solid or liquid, formed of one or more elements, and 
determines the e^ic properties of gaseous fluids; but these researches do not 
belong to the object before us, and appear in dynamic theories. 

; 66, It cannot be doubted that the mode of action of heat always oonidsts,' 
lihe that of lights Sn the reciprocal communication of rays, and this expb^a^ 
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tionuat theiMBsmt time . adapted by eftiditynknate^b^ 

necoeagry to WKundei^.the phenatanaa. ua<ter <tlds a^pB«t'ia.oid«r to eetebl^ 
the tiieory of heat. In the oovirse of this woricdt will be sew how the'laims el 
equilitmum and {»opagatton of nvdiant heat, in b(^ or hquid masses, oaft 
be ligorously dwaonstiated, indepwdently of my phyacal explanation, as, the 
necessary emuseiiueaces of common observations. 

' SECTION III. Principle of the CommunteoHon o/ HecU 

67. We now proceed to examine what mEpeiiments teach tis concerning the 
oommunioation of heat. 

If two equal molecules are formed of the same substance and have the same 
tmnperature, each of them receives from the other as much heat as it ipves up 
to it; their mutual action may then be regarded as null, since the result of tins 
action can bring about no diange in the state of the molecules. If, on the con- 
trary, the first is hotter than the second, it sends to it more heat than it ve^ 
ceives from it; the result of the mutual action is the difference of these two 
quantities of heat. In all cases we make abstraction of the two equal quantities 
of heat which any two material points reciprocally give up; we conceive ihat 
the point most heated acts only on the other, and that, in virtue of this action, 
the first loses a certain quantity of heat which is acquired by the second. Thus 
the action of the two molecules, or the quantity of heat which the hottest 
communicates to the other, is the difference of the two quantities which they 
give up to each other. 

58. Suppose that we place in air a solid homogeneous body, whose different 
points have unequal actual temperatures; each of the moleciiles of which the 
body is composed will begin to receive heat from those which are at extreme 
small distances, or Mrill communicate it to them. This action exerted during 
the same instant between all points of the mass, will produce an infinitesimsd 
resultant change in all the temperatures: the solid vdll experience at each 
instant similar effects, so that the variations of temperature will become more 
and more sensible. 

C!onsider only the systwa of two molecules, m and n, equal and extreme 
near, and let us ascertain what quantity of heat the first can rec^ve from the 
second during one instant: we may then apply the SEune reasoning to all the 
other pomts which are near enou^ to the point m, to act directly <m it duriz^ 
the first instant. 

The quantity of heat communicated by the point n to .tiie .point m depends 
on the duration of the instant, on the v^ small distance betweati these 
pcwts^ on the actual temperature of each point, and on the nature of the solid 
substazme; that is to say, if one of these elements happened to vary, all tiie 
other remaining the same, the quantity of heat tranatnitted would vary also. 
Now experiments have di^osed, in this respect, a general result: it consxsts in 
this, ^ that ah the. other circumstances being the same, the quantity of heat 
which one of the molecules recdves from the other is proportional to the 
ference.of temperature of the two molecules^ Thus the.qumitity would, be 
double, triple, quadruple, il everything ^se remaining the same, the diff«:<^iee 
of the temperature of the prnnt n from that Of the pdnt at becatso double, 
or quadru]^e..To account for this result, ;we must conader that the 

n.on m.is always lust as much :gpeater as there is a greater dUffezenes 
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'&e tempershii^ the two ijoints: it is null, if the tempfflatures ar4 
^ual, but if the molecule n contains mote heat than the equal molecule tn, 
that is to say, if the temperature of m being v, that of n is »+ A, a portion of 
the exceeding heat will pass from n to wt. Now, if the excess of heat were dou- 
ble, or, which is the same thing, if the tranperature of n were v+2A, the exceed- 
ing heat would be composed of two equal parts corresponding to the two 
halves of the whole difference of temperature 2 A; each of these parts would 
have its proper effect as if it alone existed: thus the quantity of heat com- 
municated by n to TO would be twice as great as when the difference of temper- 
ature is only A. This simultaneous action of the different parts of the mcceeding 
heat is that which constitutes the principle of the communication of heat. It 
follows from it that the sum of the partial actions, or the total quantity of heat 
which TO receives from n is porportional to the difference of the two tempera- 
tures. I 

59. Denoting by v and v' the temperatures of two equal molecules m and tL 
by P, their extremely small distance, and by dt, the infinitely imiall duration cn 
the instant, the quantity of heat which m receives from n during this instann 
will be expressed by (v'—v)<l>(p)-dt. We denote by ^(p) a certain function of-, 
the distance p which, in solid bodies and in liquids, becomes nothing when p ' 
hw a sensible magnitude. The function is the same for every point of the samA 
given substance; it varies with the nature of the substance. 

60. The quantity of heat which bodies lose through their surface is subject 
to the same principle. If we denote by a the area, finite or infinitely small, of 
the surface, all of whose points have the temperature v, and if a represents the 
temperature of the atmospheric air, the coefficient h being the measure of the 
external conducibility, we shall have ffh(v—a)dl as the expression for the 
quantity of heat which this surface a transmits to the air during the instant dt. 

^ When the two molecules, one of which transmits to the other a certain quan- 
tity of heat, belong to the same solid, the exact expression for the heat com- 
municated is that which Ave have given in the preceding article; and since the 
molecules are extremely near, the difference of the temperatures is extremely 
sm^. It is not the same when heat passes from a solid body into a gaseous 
m^imn. But the ^eriments teach us that if the difference is a quantity 
sufficiently ^all, the heat transmitted is sensibly proportional to that differ- 
mce, and that the number h may, in these first researches, be considered as 

^ surface, but independent 

?® quantity of heat communicated have 
been denv^ from dffierent observations. We see first, as an evident eonse- 

tttTS ® lu question, that if we increased by a common quan- 

Swchitt t^peratures of the solid mass, and that of the medium in 
which It w pl^ed, the successive changes of temperature would be exactlv the 

at an points irf tte bo^. it foniS from ths "^5“ ““Wy ‘••e "amo 
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to exot» qS its aotoal tomp^tor^ ovi^ l^t of 1^ toe^ifitim. Wkepioe it is 
ea^ to oonieliule, as mil be seoci in tiie oouise of this w<nrk, that the fine ishose 
ahsoissB represent the times dUtpsed, and whose ordinates r^nesoit the tem^ 
futures correspondii^ to those times, u a logarithmic curve: now, ofasegrva* 
tions also furnish the same result, when the excess of the temperature of the 
solid over that of the medium is a sufiGunently small quantity. 

63. Suppose the medium to be maintained at the constant temperature 0, 
and that the initial temperatures of different points a, h, c, d d;c. of the same 
mass are ot, y, S &c., that at the end of the first instant they have become 
a', 0', y , S' &c., that at the end of the second instant they have becmne a", /3", 
y", S" &o., and so on. We may easily conclude frmn the proportions mun- 
dated, that if the initial temperatures of the same points had been ga, g0, gy, 
gS &c. (jg bdng any number whatever), they would have become, at the end ^ 
the first instant, by virtue of the action of the different points, ga', g0', gy', 
gS' &c., and at the end of the second instant, ga", g0", gy", gS" &e., and so mi. 
For instance, let us compare the case when the initial temperatures of the 
points, a, b, e, d &c. were a, 0, y, S &c. with that in which they are 2a, 20, 2y, 
2S &c., the medium preserving in both cases the temperature 0. In the second 
hypothesis, the difference of the temperatures of any two points whatever is 
double what it was in the first, and the excess of the temperature of each point, 
over that of each molecule of the medium, is also double; consequently tiie 
quantity of heat which any molecule whatever sends to any other, or that 
which it receives, is, in the second hypothesis, double of that which it was in 
the first. The change of temperature which each point suffers being propor- 
tional to the quantity of heat acquired, it follows that, in the second ease, this 
change is double what it was in the first case. Now we have supposed that the 
initial temperature of the first point, which was a, became o' at the end of the 
first instant ; hence if this initial temperature had been 2a, and if all the other 
temperatures had been doubled, it would have become 2a'. The same would 
be the case with all the other molecules b, c, d, and a similar result would be 
derived, if the ratio instead of being 2, were any number whatever g. It follows 
then, from the principle of the communication of heat, that if we increase or 
diminish in any ^ven ratio all the initial temperatures, we increase or diminish 
in the same ratio all the successive temperatures. 

This, like the two preceding results, is confirmed by observation. It could 
not have existed if the quantity of heat which passes from one molecule to 
another had not been, actually, proportional to the difference of the tem- 
pmatures. 

64. Observations have been made witii accurate instruments, on the pmma- 
n«at temperatures at different points of a bar or of a metallic ring, and on the 
propagation of heat in the same bodies and in several otiier solids of the form 
of splmres or cubes. The results of these experiments agree with those which 
are derived from the preceding propositions. Ihiey would be entirely diffeteut 
if the quantity of heat transmitted frmn cme solid molecide to another, or to a 
moleoule cff air, were not proporticmal to the excess of temperati^ It Ut 
nece^nsary first to know all tiie rigorous consequences of this propositipni.fay 
we determine the chief part of the quantities whidh are tiie object. 0 $, .tl|q 
problem. By cmnparing then the calculated values with those given by niimei> 
ous and very exact expezimmits, we can eatily measure tiie variatldns 
corftojmts, and perfect our first research es . 
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SEC5TION IV. On ihe Uniform and Linear Movemeni of Heai 
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66 We shall consider, in the first place, the uniform movement of heat in ^ 
i. that of toflmte aoUd enoloaod bet^eo two pwdld 

"^rBiBPOao a K)Ud body fonned of some hom^oous rabotimM to bo 
onXoed totwoen two parallel and infinite planes ; the lower plane A m mMn- 
STbrany eanae w^tever, at a oonetant temperature o; we IW una^ 
for example that the mass is prolonged, and that plane A is a ^ction 
common to the solid and to the enclosed mass, and is heated at all its points by 
a constant source of heat; the upper plane B is also maintained by a similar 
cause at a fixed temperature b, whose value is less than that of o; the problem 
is to determine what would be the result of this hypothesis if it were continued 
for an infinite time. _ ^ ' 

If we suppose the initial temperature of all parts of this body to be 6, it ia 
evident that the heat which leaves the source A will be propagated farther and\ 
farther and will raise the temperature of the molecules included between the 
two planes: but the temperature of the upper plane being unable, according to 
hypothesis to rise above b, the heat will be dispersed within the cooler mass, 
contact with which keeps the plane B at the constant temperature 6. The sys- 
tem of temperatures will tend more and more to a final state, which it will 
never attain, but which would have the property, as we shall proceed to shew, 
of existing and keeping itself up without any change if it were once formed. 

In the final and fixed state, which we are considering, the permanent tem- 
perature of a point of the solid is evidently the same at all points of the same 
section parallel to the base; and we shall prove that this fixed temperature, 
common to all the points of an intermediate section, decreases in arithmetic 
progression from the base to the upper plane, that is to say, if we represent the 
constant temperatures a and b by the ordinates Aa and Bfi (see Fig. 1), raised 



perpendicularly to the distance AB between the two planes, the fixed twnpera- 
taies of ^ intermediate layers will be represented by the ordinates of the 
^mght line which joins the extremities a and 0; thus, denoting by g the 
hei^t of w intem^ate section or its perpendicular distance from the plane 
Af by e the whole height or distance AB, and by v the temperature of the 

section whose hdght is we must have the equation 

In fact, if the temperatures were at first established in accordance with this 
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Iaw, and if the extreme surfaces A and B w&re always k^ at the temperatures 
a and 6, no change would happen in the state of the solid. To convince our- 
selves of this, it will be suffici^t to compare the quantity of heat which would 
traverse an intermediate section A' with that which, during the same time, 
woiild traverse another section B\ 

Bearing in mind that the final state of the solid is formed and continues, we 
see that the part of the mass which is below and plane A' must communicate 
heat to the part which is above that plane, since this seccmd part is cooIot than 
the first. 

Imagine two points of the solid, m and m', very near to each other, and 
placed in any manner whatever, the one m below the plane A', and the other 
m' above this plane, to be exerting their action during an infinitely small 
instant: m the hottest point will communicate to m' a certain quantity of heat 
which will cross the plane A'. Ijet x, y, z be the rectangular coordinates of the 
point m, and x', y', the coordinates of the point m': consider also two other 
points n and n' very near to each other, and rituated with respect to the plane 
B\ in the same manner in which m and m' are placed with respect to the plane 
A': that is to say, denoting by I* the perpendicular distance of the two sections 
A' and B', the coordinates of the point n will be x, y, s+f and those of the 
point n', xf, y', s'H-f ; the two distances mm' and nn' will be equal : further, tiie 
difference of the temperature v of the point m above the temperature v' of the 
point m' will be the same as the difference of temperature of the two points 
n and n'. In fact the former difference will be determined by substituting first 
z and then z' in the general equation 

, 6 — a 

v — a-i z, 

e 

and subtracting the second equation from the first, whence the result v— v' 

= - — - (a— z'). We shall then find, by the substitution of z+f and z'+f, that 

the excess of temperature of the point n over that of the point n' is also ex- 
pressed by 

It follows from thb that the quantity of heat sent by the point m to the 
point m' will be the same as the quantity of heat sent by the point n to the 
point n', for all the elements which concur in determining this quantity of 
transmitted heat are the same. 

It is manifest that we can apply the same reasoning to every system of two 
molecules which communicate heat to each other across the section A' or the 
section B'; whence, if we could sum up the whole quantity of heat which 
flows, during the same instant, across the section A' or the section B', we 
should find this quantity to be the same for both sections. 

From this it follows that the part of the solid included between A' and ^ 
teedves alwasrs as much heat as it loses, and since this result is applicable to 
any pcntion whatever of the mass included between two pamllel sections, it is 
evident that no part of the solid can acquire a temperature highw than that 
which it has at present. Thus, it has been rigorously demonstrated that the 
state of the prism mil continue to exist just as it was at first. 

Hence, the permanent temperatures of different sections of a solid enclosed 
between two paralld infinite planes, are represented by the ordinates of a 
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' «6. By what precedes we see distinctly what constitutes the propagation of 
heat in a solid enclosed between two parallel and infinite planes, each of which 
is maintained at a constant temperature. Heat p^etrates the mass gradusplly 
across the lower jdane: the temperatures of the intermediate^ secticms are 
raised, but can never exceed nor even quite attain a certain limit which they 
approach nearer and nearer: this limit or final temperature is ^fferent for 
different intermediate layers, and decreases in arithmetic progression from the 
fixed temperature of the lower plane to the fixed temperature of the upper 
plane. 

The final temperatures are those which would have to be pven to the solid 
in order that its state might be permanent; the vatiable state which precede 
it may a.l»n be submitted to analysis, as we shall see presently : but we are now 
oontidering only the system of final and permanent temperatures. In the lasn 
state, during each divition of time, across a section parallel to the base, or a^ 
definite portion of that section, a certain quantity of heat flows, which is ; 
constant if the divisions of time are equal. This uniform flow is the same for all 
the intermediate sections; it is equal to that which proceeds from the source, 
and to that which is lost during the same time, at the upper surface of the 
solid, by virtue of the cause which keeps the temperature constant. 

67. The problem now is to measure that quantity of heat which is propa- 
gated uniformly within the solid, during a given time, across a definite part of 
a section parallel to the base: it depends, as we shall see, on the two extreme 
temperatures a and h, and on the distance e between the two sides of the solid; 
it would vary if any one of these elements began to change, the other remain- 
ing the same. Suppose a second solid to be formed of the same substance as the 
first, and enclosed between two infinite parallel planes, whose perpendicular 
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xfistance is e' (see Fig. 2) : the lower tide is maintained at a fixed tempaature a', 
and the ripper side at the fixed temperature h' ] both solids are consideied to be 
ip that final and pennanent state which has the property of 
as soon as it has been formed. Thus the law of the temperatures is 

for the first body by the equation i;=o-f- ^ s, and for the second, by thh 

^nation u»a'+ — s, » in the first solid, and t* in the second, bong the 
t^ixper 8 rtm !0 of £be Bcction whose height z* 
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This arraaesd, we will ooDapem the quantity ^ heat which, dianng the unit 
ci ^e tmvereee a umt of taken on an intemediate seetitm L of tibeifitst 

solid, with that which durii^ the same time ttaverses an equal area taken nn 
the section U of the second, e being the hdi^t co mm on to the two sectionB, 
tiiat is to say, the distance of each of them from their own base. We »hidl 
conader two very near points n and n* in the first body, one of which n is be* 
low the plane L and the othar n' above this plane :x,y,z are the co-ordinates 
of n: and x', y', z' the co-ordinates of n', e being less than 3^, and greater 
than z. 


We ehall consider also in the second solid the instantaneous action of two 
points p and p\ which are situated, with respect to the section U, in the same 
manner as the points n and n' with respect to the section L of the first scdid. 
Thus the same co-ordinates x, y, 2 , and x', y', / referred to three rectanguUu: 
axes in the second body, will also the position of the pdnts p axd p'. 

Now, the distance from the point n to the point nf is equ^ to the distance 
from the point p to the point p', and since the two bodies are formed of the 
same substance, we conclude, according to the principle of the communication 
of heat, that the action of n on n', or the quantity of heat given by n to n', and 
the action of p on p', are to each other in the same ratio as the differeaces.of 
the temperature v—v' and u—u\ 

Substituting v and then v' in the equation which belongs to the first solid, 

and subtracting, we find v—v'— — - {z—zT)) we have also by means of the 

€ 


V-af 


(z—z'), whence the ratio of the two actions in 


second equation u—u' — 
question is that of - — to ; — . 

We may now imagine many other etystems of two molecules, the first of 
which ^nds to the second across the plane L, a certain quantity of heat, and 
each of these systems, chosen in the first solid, may be compared with a 
homologous system situated in the second, and whose action is exerted across 
the section U] we can th«i apply again the previous reasoning to prove that 

the ratio of the two actions is always that of to — — . 

Now, the whole quantity of heat which, during one instant, crosses the seor 
tion L, results from the simultaneous action of a multitude of systems each of 
which is formed of two points; h^ce this quantity of heat and that which, in 
the second solid, crosses during the same instant the section £>', are also to each 

other in the ratio of " ^to- 

It is eass^ then to comi»re with each other the intensilies of the constant 
flows of heat which are propagated uniformly in the two scdids, that is to say, 
the quantities of heat which, dnijng imit of time, cross unit of surface oi each 

of these bodies. The ratio of &ete intenmties is that of the two quotients 
axid -"- T " - ' . If the two quotients are equal, the flows are the same, whatever lit 

S , • ' ^ v'* 

ofix&c respects the values a, b, e, o', b', c', may be; in general, denoting ^ psnsb 
ft^byF and the second byF^ we shall faave^ " \ 
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68. Suppose that in the second solid, the permanent temperature a' of the 
lower plane is that of boiling water, 1 ; that the temperature c' of the upper, 
plane is that of melting ice, 0; that the distance V of the two planes is the unit 
of measure (a metre); let us denote by K the constant flow of heat which, 
during unit of time (a minute) would cross unit of surface in this last solid, if it 
were formed of a given substance ; K expressing a certain number of units of 
heat, that is to say a certain number of times the heat necessary to convert a 
kilogramme of ice into water: we shall have, in general, to determine the 
constant flow F, in a solid formed of the same substance, the equation 

{ _ 

K e e 

The value of F denotes the quantity of heat which, during the unit of time, 
passes across a unit of area of the surface taken on a section parallel to the base^ 

Thus the thermometric state of a solid enclosed between two parallel 
infinite plane sides whose perpendicular distance is e, and which are mainA 
tained at fixed temperatures a and 6, is represented by the two equations 

t, = o + — and F = K— or 

e e az 


The first of these equations expresses the law according to which the tem- 
peratures decrease from the lower side to the opposite side, the second indi- 
cates the quantity of heat which, during a given time, crosses a definite part of 
a section parallel to the base. 

69. We have taken this coefficient K, which enters into the second equation, 
to be the measure of the specific conducibility of each substance; this number 
has very different values for different bodies. 

It represents, in general, the quantity of heat which, in a homogeneous solid 
formed of a given substance and enclosed between two infinite parallel planes, 
flows, during one minute, across a surface of one square metre taken on a sec- 
tion parallel to the extreme planes, supposing that these two planes are main- 
tained, one at the temperature of boiling water, the other at the temperature 
of melting ice, and that all the intermediate planes have acquired and retain a 
permanent temperature. 

We might employ another definition of conductivity, since we could esti- 
mate the capacity for heat by referring it to unit of volume, instead of referring 
it to unit of mass. All these definitions are equally good provided they are clear 
and precise. 

We shall shew presently how to determine by observation the value K of 
the conducibility or conductibility in different substances. 

70. In order to establish the equations which we have cited in Article 68, it 
would not be necessary to suppose the points which exert their action across 
the planes to be at extremely small distances. 

The results would still be the same if the distances of these points had any 
magnitude whatever; they would therefore apply also to the case where the 
direct action of heat extended within the interior of the mass to very consider- 
able dist^ces, all the^umstances which constitute the hypothesis remain- 
ing m other respects the same. 


We need offiy supi»se that the cause which maintains the temperatures at 

^ mass which is ex- 

tremely near to the surface, but that its action extends to a finite depth. The 



Sect. IV 
equation v=a- 


THEOEY OF HEAT 


mi 


a-6 


z 'will siill represent in this case the permanent temper- 


atures of the solid. The true sense of this proposition is that, if we give to all 
points of the mass the temperatures expressed by the equation, and if besides 
any cause whatever, acting on the two extreme laminse, retained always every 
one of their molecules at the temperature which the same equation assigns to 
them, the interior points of the solid would preserve without any change thdr 
initial state. 

If we supposed that the action of a point of the mass could ractend to a finite 
distance 6, it would be necessary that ‘the thickness of the extreme laminse, 
whose state is maintained by the external cause, should be at least equal to c. 
But the quantity t luftring in fact, in the natural state of solids, only an inap- 
preciable value, we may make abstraction of this thickness; and it is sufficient 
for the external cause to act on each of the two layers, extremely 'thin, which 
boimd the solid. This is always what must be tmderstood by the expression, to 
maintam the temperaiure of the sutfaee constant. 

71. We proceed further to examine the case in which the same solid would 
be exposed, at one of its faces, to atmospheric air maintained at a constant 
temperature. 

Suppose then that the lower plane preserves the fixed temperature a, by 
'virtue of any external cause whatever, and that the upper plane, instead of 
being maintained as formerly at a less temperature b, is exposed to atmospheric 
air maintained at that temperature b, the perpendicular distance of the two 
planes being denoted alwa 3 ^ by e: the problem is to determine the final tem- 
peratures. 

Assuming that in the initial state of the solid, the common temperature of 
its molecules is 6 or less than 6, we can readily imagine that the heat which 
proceeds incessantly from the source A penetrates the mass, and raises more 
and more the temperatures of the intermediate sections; the upper surface is 
gradually heated, and permits part of the heat which has penetrated the solid 
to escape into the air. The ^stem of temperatures continually approaches a 
final state which would exist of itself if it were once formed; in this final state, 
which is that which we are considering, the temperature of the plane B has a 
fixed but unknown value, which we 'will denote by /3> aiid rince the lower plane 
A preserves also a permanent temperature o, the ^stem of temperatures is 

a ^ 

represented by the general equation v = o-{- - — z, v denoting always the fixed 

temperature of the section whose height is z. The quantity of heat which flows 
during unit of time across a unit of surface taken on any section whatev^ is 

denoting the interior conducibility . 

We must now consider that the upper surface B, whose temperature is 
permits tiie escape into tiie air of a certain quantity of heat which must be 
exactly equal to that which crosses any section whatever L of the soHd. If it 
were not so, the part of the mass included between this section L mid the plane 
B would not recrive a quantity of heat equal to that which it loses; hence it 
would not maintain its State, which is contrary to hypothesis; the eonstimt 
flow at the surface is therefore equal to that which traverses the solid: now, the 
quantity of heat which escapes, during unit of time, from unit of surface t^m 
on tiie plane B, is expressed by hifi—b), b being the fixed tempmature oi the 
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h the measure of the condudbility of the surface B; we miii^ tiier^pre 


Iwve the equation K 


a—p 


=h(0—b), which will determine the value of 


From tills may be dmved a — j9 ° 


ke(a—b) 

he+K 


, an equation whose second mem> 


her is known; for the temperatures a and & are given, as are also the quantities 
hfhfe. 

Introducing this value of a—p into the general equation v = a-\- — z, we 

€ 

tiiall have, to express the temperatures of any section of the solid, the equation 
o—es* , in which known quantities only enter with the corresponding 

variables v and z. 

72. So far we have determined the final and permmmt state of the temper* 
atures in a solid enclosed between two infinite and parallel plane surfaces,^ 
maintained at unequal temperatures. Thisfirst caseis, properly speaking, thecase 
of the linear and uniform propagation of heat, for there is no transfer of heat in 
the plane parallel to the sides of the solid ; that which traverses the solid flows uni- 
fonnly, since the value of the flowis the same for all instants and for all sections. 

We will now restate the three chief propositions which result from the 
examination of this problem; they are susceptible of a great number of applica- 
tions, and form the first elements of our theory. 

1st. If at the two extremities of the thickness e of the solid we erect perpen- 
diculars to represent the temperatures a and h of the two sides, and if we draw 
the straight line which joins the extremities of these two first ordinates, all the 
intmuediate temperatures will be proportional to the ordinates of this straight 

line; thQr are expressed by the general equation o— »= - — - z, v denoting the 


temperature of the section whose height is z. 

2nd. The quantity of heat which flows uniformly, during unit of time, across 
unit of surface taken on any section whatever parallel to the sides, all other 
things being equal, is directly proportional to the difference a— 6 of the ex- 
tireme temperatures, and inversely proportional to the distance e which 

separates these tides. The quantity of heat is expressed by K , or — ^ , 

C (tZ 

if we derive from the general equation the value of ^ which is constant ; thin 

az ’ 

uniform flow may always be represented, for a given substance and in the solid 
pnder exammation, by the tangent of the angle included between the perpen- 
dicular 6 and the straight line whose ordinates represent the temperatures. 

3rd. One of the extreme surfaces of the solid being submitted always to the 
tffinperature a, if the other plane is exposed to air at a fixed 

tonperature 6; tbe plane in contact with the air acquires, as in tiie preceding 
case, a fixed temperature fl, greater than b, and it permits a quantity of heat 
to escape into the air across unit of surface, during unit of time, whidi is 
eiqnessed by HP-b), h denoting the external conducibility of the 
- Ihesameflowof heat A(/S-6) is equal to that which traverses the prism and 

^9hbse value is K(fl—0); we have therefore the equation h{p- h)f^K °'~'^ , 
s^^^pves the vsdue of fl. * ’ 
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SECTION y. Ixm pf Ow Permanent Temperafuree in ■ 
a Prism af SmoiU Thideness 

73. We shall earaly apply the principles whidx have just been explained to the 
following probl^, very simple in itself, but one whose solution it is important 
to base on exact theory. 

A metal bar, whose form is that of a rectangular parallelepiped infinite in 
length, is exposed' to the action of a source of heat which produces a constant 
temperature at all points of its extremity A. It is required to determine the 
fixed temperatures at the di£fer«it sections of the bar. 

The section perpendicular to the axis is supposed to be a square whose ride 
21 is so small that we may 'without sensible error consider the temperatures to 
be eqiuil at different points of the same section. The air in which the bar is 
placed is maintained at a constant temperature 0, and carried away by a 
current with uniform velocity. 

Inside the solid, heat will pass successively all parts situated to the right or 
left (pro re nata) of the source, and not exposed directly to its action; they 
will be heated more and more, but the temperature of each point will not 
increase beyond a certain limit. This maximum temperature is not the same 
for every section; it in general decreases as the distance of the section from the 
origin increases: we shall denote by v the fixed temperature of a section per- 
pendicular to the axis, and situated at a distance x from 'the origin A. 

Before every point of the solid has attained its highest degree of heat, the 
system of temperatures varies continually, and approaches more and more 'to 
a fixed state, which is that which we consider. This final state is kept up of 
itself when it has once been formed. In order that the system of temperatiues 
may be permanent, it is necessary that the quantity of heat which, during urrit 
of time, crosses a section made at a distance z from the origin, should balance 
exactly all the heat which, during the same time, escapes through that part 
the external surface of tiie prism which is situated to the right of the same 
section. The lamina whose thickness is dx, and whose external surface is 81dx, 
allov^ the escape into the air, during unit of time, of a quantity of heat ex- 
pressed by Shlv'dx, h being the measure of the external conducibility of tiie 
prism. Hence taking the int^ral ^Shh-dx from z<=0 to x^ we shall fiind 
the quantity of heat which escapes from tiie whole surface of the bar during 
\mit of 'time; and if we take 'the same integral from 'to x—x, we shall have 

the quantify of heat lost through the part of the surface includ^ betwe^ the 
source of heat and the section made at the distance x. Denoting the first 
integral by C, whose value is constant, and the variable value of the second by 
^Shlo’dx; the difference C—jShk>‘dx will express the whcfie quantity (ff heat 
which escapes into the air across the part of the surface rituat^ to the right of 
the section. On the other hand, the lamina of the solid, enclosed between two 
sections iofihitdly near at distances x and x+dx, must resemble an infinite 
solid, bounded by two parallel planes, subject to fixed temperatures v and 
by hypothesis, the temperature does not vary throu^out the whcde 
extent of the same section. The thickness of the solid is dx, and the area oi tiie 
section is 4P: hence the quantity of heat whith flows uniformh^, during mdtuf 
time, wmxa a section of this solid, according to the preceding {shudplectjr 

— , JK’ being the spedfic internal conductivity: we must tiun^orsha^ 
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the equatioa -4PK ^ = C - /8Afo-<te, 


whence 


Kig-ato. 


74. We should obtain the same result by considering the equilibrium of heat 
in a single lamina infinitely thin, enclosed between two sections at distances 
X and x+dx. In fact, the quantity of heat which, during unit of time, crosses 

dv • 

the first section situated at distances, is — . To find that which flows dur- 

ing the same time across the successive section situated at distance x+dx, 
we must in the preceding expression change x into x+dx, which gives 


we subtract the second expression from the first we 

shall find how much heat is acquired by the lamina bounded by these two sec^ 
tions during unit of time; and since the state of the lamina is permanent, it 
follows that all the heat acquired is dispersed into the air across the external 
surface 8ldx of the same lamina: now the last quantity of heat is Shlvdx: we 
ahAll obtain therefore the same equation 


8hhdx-4PKd(^^, whence g = 

75. In whatever maimer this equation is formed, it is necessary to remark 
that the quantity of heat which passes into the lamina whose thickness is dx, 

has a finite value, and that its exact expression is —4PK ^ . The lamina, being 

enclosed between two surfaces the first of which has a temperature v, and the 
second a lower temperature v', we see that the quantity of heat which it 
receives through the first surface depends on the difference v—v', and is pro- 
portional to it: but this remark is not suflficient to complete the calculation. 
The quantity in question is not a differential; it has a finite value, since it is 
equivalent to all the heat which escapes through that part of the external sur- 
face of the prism which is situated to the right of the section. To form an exact 
idea of it, we must compare the lamina whose thickness is dx, with a solid 
tenninat^ by two parallel planes whose distance is e, and which are main- 
tained at imequal temperatures a and h. The quantity of heat which passes 
into such a prism across the hottest surface, is in fact proportional to the 
diff^ence a— & of the extreme temperatures, but it does not depend only on 
this difference: all other things being equal, it is less when the prism is thicker, 

and in general it is proportional to - — - . This is why the quantity of heat 

which passes through the first surface into the lamina, whose thickness is dx, is 

proportional to • 

We lay stress on this remark because the neglect of it has been the first 
obstacle to the establishment of the theory. If we did not make a complete 
analyffls the elements of the problem, we should obtain an equation not 
homogeneous, and, a fortiori, we should not be able to form the equations 
wMoh express the mov^nent of heat in more complex cases. 
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It was necessary also to introduce into the calculalion the dimensions of 
prism, in order that we might not regard, as general, consequmkces which ob< 
servation had furnished in a particular case. Thus, it was discovered by exp^- 
ment that a bar of iron, heated at one extremity, could not acquire, at a 
distance of six feet from the source, a temperature of one degree (octogesi- 
malO > for to produce this effect, it would be necessary for the heat of the source 
to surpass considerably the point of fusion of iron; but this result depends on 
the tldckness of the prism employed. If it had been greater, the heat would 
have been propagated to a greater distance, that is to say, the point of the 
bar which acquires a fixed temperature of one degree is much more remote 
from the source when the bar is thicker, all other conditions remaining the 
same. We can always raise by one degree the temperature of one end of a bar 
of iron, by heating the solid at the other end; we need only give the radius of 
the base a sufficient length: which is, we may say, evident, and of which 
besides a proof will be found in the solution of the problem (Art. 78). 

76. The integral of the preceding equation is 

t>=Ae~*'\/E+Be+*VB, 

A and B being two arbitrary constants; now, if we suppose the distance x 
infinite, the value of the temperature v must be infinitely small ; hence the term 
does not exist in the integral : thus the equation » = A represents 

the permanent state of the solid; the temperature at the origin is denoted by 
the constant A, since that is the value of v when x is zero. 

Tlxis law according to which the temperatures decrease is the same as that 
given by experiment; several physicists have observed the fixed temperatures 
at different points of a metal bar exposed at its extremity to the constant 
action of a source of heat,® and they have ascertained that the distances from the 
origin represent logarithms, and the temperatures the corresponding numbers. 

77. The numerical value of the constant quotient of two consecutive tem- 
peratures being determined by observation, we easily deduce the value of the 

ratio ^ ; for, denoting by t>i, the temperatures corresponding to the distances 

* 1 , Xj, we have 

Vi \K Xi—Xi 

As for the separate values of h and K, they cannot be determined by experi- 
ments of this kind: we must observe also the varying motion of heat. 

78. Suppose two bars of the same material and different dimensions to be 
submitted at their extremities to the same temperature A ; let h be the side of 
a section in the first bar, and h in the second, we shall have, to express the 
temperatures of these two solids, the equations 

and Vi—Ae~“'y/^ 

Vi, in the first solid, denoting the temperature of a section made at distance Xi, 
and tfj, in the second solid, the temperature of a section made at distance x*. 

When these two bars have arrived at a fixed state, the temper^dure of a 
section of the first, at a certain distance from the source, will not be equal to 


1 Reader's scale of temperature. 

I The oondueting power K is not constant, but diminishes as the temperature inoreasea. 
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section, the second at tiie samedistanw bom {oeus; 
ia ondior that the fixed temperatores may be equal, the distanees must be 
<fiffeient. If we wudi to compare with each other the distances Xi and xj from 
the origin up to the points which in the two bars attain the some temperature, 
we must equate the second members of these equations, and from them we 

conclude that r • Thus the distances in question are to each other as the 

** t* 

square roots of the thicknesses. 

79. If two metal bars of equal dimenrions, but formed of different sub- 
stances, are covered with the same coating, which ^ves them the same external 
conducibility, and if they are submitted at their extremities to the same 
temperature, heat will be propagated most easily and to the greatest distance 
from the origin in that which has the greatest conductivity. To compare with 
each other the distances Xi and xa from the common origin up to the pomts 
which acquire the same fixed temperature, we must, after denoting the reap 
tive conducibilities of the two substances by Ki and Kt, write the equa^on 

g-aVo = g-aVs whence ^ 

®s Aa 


Thus the ratio of the two conductivities is that of the squares of the 
^stances from the common origin to the points which att^ the same fixed 
temperature. 

80. It is easy to ascertain how much heat flows during unit of time through a 
section of the bar arrived at its fixed state: this quantity is expressed by 

—4KP ^ , or 4A ^/2Khl * • fl-nd if we take its value at the orig^, we shall 

have ^■s/2Kh^ as the measure of the quantity of heat which passes from the 
source into the solid during unit of time; thus the expenditure of the source of 
heat is, all other things being equal, proportional to the square root of the cube 
of the thickness. 

We should obtain the same result on taking the integral ^Shlv-dx from x 
nothing to x infinite. 


SECTION VI. On the Heating of Closed Spaces 

81. We shall again make use of the theorems of Article 72 in the following 
prolfiem, whose solution offers useful applications; it consists in determining 
tiie extent of the heating of closed spaces. 

Im ag ine a closed space, of any form whatever, to be filled with atmospheric 
air and closed on all rides, and that all parts of the boundary are homogeneous 
and have a common thickness e, so small that the ratio of the external surface 
to the internal surface differs little from imity. The sp>ace which this boundary 
torminates is heated by a source whose action is constant; for example, by 
means of a siuface whose area is a maintained at a constant temp)erature a. 

We colder here only the mean temp>erature of the air contained in the 
space, without regard to the unequal distribution of heat in this of air; 
wus we 8i^px>se t^t the existing causes incessantly mingle all the pyortaons of 
air, and inahe Hrair temp)eratures uniform. 

^ We see first that the heat which continually leaves the source spreacb its^ 
in the aurrouncting air and p)enetrates the maiw of which the boundaiy is 
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iMmed, IB partly dispMBed mt thB Biufaoe, axtd paaMs into f3ie extomid idr, 
whidi we suppose to be maintobied at a lotire^ and.peimanent tempwatiue w. 
Ibe inner air is heated more and more: the same is the cam -with the sdid 
boundary: the syston of temperatures steadily ai^nroaches a state winch 
is the object of the problem, and has the property of radsting by itself and of 
being kept up unchanged, provided the surface of the source o- be maintained 
at the temperature a, and the external air at the temperature n. 

In the permanent state which we wish to determine the air preserves a fixed 
temperature m; the temperature of the ixmer surface 8 of the solid boundary 
has also a fixed value a; lastly, the outer surface s, which terminates the enclos* 
ure, preserves a fixed temperature 6 less than a, but greater than n. The quan- 
tities <T, a, 8, e and n are Imown, and the quantities m, a and b are unknown. 

The degree of heating consists in the excess of the temperature m over n, the 
temperature of the external air; this excess evidently depends on the area v 
of the heating surface and on its temperature a; it depends also on the thick- 
ness e of the enclosure, on the area 8 of the surface which bounds it, on the 
facility with which heat penetrates the iimer surface or that which is opporate 
to it; finally, on the specific conductivity of the solid mass which forms the 
enclosure: for if any one of these elements were to be changed, the others 
remaining the same, the degree of the heating would vary also. The problem is 
to determine how all these quantities enter into the value of m—n. 

82. The solid boundary is terminated by two equal surfaces, each of which is 
maintained at a fixed temperatiire; every prismatic element of the solid 
enclosed between two opposite portions of these surfaces, and the normals 
raised round the contour of the bases, is therefore in the same state as if it 
belonged to an infinite solid enclosed between two parallel planes, maintained 
at unequal temperatures. All the prismatic elements which compose the 
boundary touch along their whole length. The points of the mass which are 
equidistant from the inner surface have equal temperatures, to whatever 
prian they belong; consequently there cannot be any transfer of heat in the 
direction perpendicular to the length of these prisms. The case is, therefore, 
the same as that of which we have already treated, and we must apply to it 
the linear equations which have be^ stat^ in former articles. 

83. Thus in the permanent state which we are considering, the flow of heat 
which leaves the surface or during a unit of time, is equal to t^t which, during 
the same time, passes from the surrounding air into tte inner surface of the 
enclosure; it is equal also to that which, in a unit of time, crosses an inter- 
mediate section made within the solid encloeure by a surface equal and pandld 
to those which bound this enclosure; lastly, the same flow is again equal to 
that which ptoses from the solid mdosure across its external surface, and is 
dkp«sed into tiie air. If these four quantities of flow of heat were not equal, 
some variation would necessarily occur in the state of the temperatures, whidi 
is contrary to the hy^thesis. 

The first quantity is expressed by denoting ly g the mctemal 

oondudbiUty of the surface <r, which belot^ to the a<mrce of heat. 

The second is8(m—a)A, the coeflIcimtAbdngthemeBSure of the external con* 
dueibility of the surface 8, which is eicposed to the action of the source of 

Ihe third is K, the coi^dmt ^ bdng the pneasum of the coi^di)^ 
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The fourth is e(6—n)H, denoting by H the external condudavity of the 
surface e, which the heat quits to be dispersed into the air. The coefficients h 
and may have very unequal values on account of the difference of the state 
of the two surfaces which bound the enclosure ; they are supposed to be known> 
as also the coefficient we shall have then, to determine the three unknown 
quantities m, a and b, the three equations: 


<r(a— m)g — 8(m — a)h, 


<r(a — Tn)g=8(b — n)H. 


84. The value of m is the special object of the piieblem. It may be found/by 
writing the equations in the form 


m—a= - f (a—m), 
ah ’ 

a—b= I ^ (ot—m), 




-m); 


adding, we have 

denoting by P the known quantity ^ > 

whence we conclude 


Tn—n = (,a—n) 


m—n — (a—m)P, 

ge 
K 

‘+j(f+S+l) 


l+P 


85. The result shews how m—n, the extent of the heating, depends on given 
quantities which constitute the hypothesis. We will indicate the chief results 
to be derived from it. 

1st. The extent of the heating m—n is directly proportional to the excess of 
the temperature of the source over that of the external air. 

2nd. The value of m—n does not depend on the form of the enclosure nor on 

its volume, but only on the ratio | of the surface from which the heat proceeds 

to the surface which receives it, and also on e the thickness of the boimdaiy. 

If we double v the surface of the source of heat, the extent of the heating 
does not become double, but increases according to a certain law which the 
equation expresses. 

3rd. All the specific coefficients which regulate the action of the heat, that is 
to say, ff, Ki H and A, compose, with the dimention e, in the value of m—n a 

tin^e elemeht f + ^ ^ » whose value may be determined by observation. 

If 'vre doubled c the thickness of the boundary, we should have the same 
retiilt if, in forming it, wo employed a substance whose conductivity pr<^[)er 
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was twice as great Thtis the empIoymfiD.t of sabstances which are bad ooa* 
ductois of heat permits us to make the thickness of the boundary small; the 

effect which is obtained depends only on the ratio ^ . 

4th. If the conducibility K is nothing, we find m—a) that is to say, the 
inner air assumes the temperature of the source: the same is the case if JET is 
zero, or h zero. These consequences are otherwise evident, ^ce the heat can- 
not then be dispersed into the external air. 

5th. The values of the qxxantities g, H, h, K and a, which we supposed 
known, may be measured by direct experiments, as we shall shew in the 
sequel; but in the actual problem, it will be sufiBicient to notice the value of 
m—n which corresponds to given values of a and of a, and this value may be 

used to determine the whole coefficient f + ^ ^ of the equation 

m—n—{a—n) j ^ in which p denotes the coeffident sought. We 

must substitute in this equation, instead of - and a— n, the values of those 

quantities, which we suppose given, and that of m—n which observation will 
have made known. From it may be derived the value of p, and we may then 
apply the formula to any number of other cases. 

6th. The coefficient H enters into the value of m—n in the same manner as 
the coefficient A; consequently the state of the surface, or that of the envelope 
which covers it, produces the same effect, whether it has reference to the inner 
or outer surface. 

We should have considered it useless to take notice of these different conse- 
quences, if we were not treating here of entirely new problems, whose results 
may be of direct use. 

86. We know that animated bodies retain a temperature sensibly fixed, 
which we may regard as independent of the temperature of the medium in 
which they live. TWe bodies are, after some fashion, constant sources of heat, 
just as inflamed substances are in which the combustion has become uniform. 
We may then, by aid of the preceding remarks, foresee and regulate exactly 
the rise of temperature in places where a great number of men are collected 
together. If we there observe the height of the thermometer under ^ven cir- 
cumstances, we shall determine in advance what that height would be, if the 
number of men assembled in the same space became very much greater. 

In reality, there are several accessory circumstances which modify the 
results, such as the imequal thickness of the parts of the enclosure, the 
difference of their aspect, the effects which the outlets produce, the unequid 
distribution of heat in the air. We cannot therefore rigorously apply the rules 
given by analsrds; nevertheless these rules are valuable in themselves, because 
they contain the true principles of the matter: they prevent vague reasonings 
and useless or confused attempts. 

87. If the same space were heated by two or more sources of diff^^nt kinds, 
or if the first enclosure were itself contained in a second enclosure separated 
from the first by a mass of air, we m^ht easily determine in like manner the 
de^ee of heating mid the temperature of the surfaces. 

If we suppose tibat, besides the first source a, there is a second h^ted sur- 
face IT, whose constant temperature is /3, andextemal conductivity j, we s h a l l 
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fiadi «& ihe oilier deoirani&atacaia being retained, tbe following eguation: 


wt— n“ 


{a—n)ffg+(p—n)vj 
8 


'(1 


+ 5 + 


<rg-\-ir3 


'■(i+s+s) 



If we suppose only one source <r, and if the first enclosure is itself contained 
in a second, a', h', K\ H', representing the elements of the second enclosure 
which correspond to those of the first which were denoted by 8, h, K, H, e; we 
fthftll find, p denoting the temperature of the air which surrounds the external 
surface of the second enclosure, the following equation: 


m— p= 


{ct-p)P ' '• 
1+P • 


The quantity P represents 


c 

8 




We should obtain a similar result if we had three or a greater number of suc- 
cestive enclosures; and from tins we conclude that these solid envelopes, 
separated by air, assist very much in increasing the degree of heating, however 
small their thic^ess may be. 

88. To make this remark more evident, we will compare the quantity of heat 
which escapes from the heated surface, with that which tiie same body would 
lose, if the surface which ^velopes it were separated from it by an interval 
filled with air. 

If the body A be heated by a constant cause, so that its surface preserves a 
fixed temperature 6, the air being maintained at a less temperature a, the 
quantity c& heat which escapes into the mr in the unit of time across a unit of 
rairface will be expressed by h(Jb—a), h being the measure of the external con- 
ductivity. Hoace in order that the mass may preserve a fixed temperature 6, 
it is necessaxy that the source, whatever it may be, should furnish a quantity 
of heat equal to hS(6— a), S denoting the area of the surface of the solid. 

Suppose an extr^nely thin shell to be detached frcnn the body A and 
separated frcnn the solid by an interval filled with air; and suppose the surface 
of the same solid A to be still maintained at the temperature b. We see tiut the 
air contained between the shell and the body will be heated and will tidce a 
t^npoatuxe a' greater than a. The shell itself will attain a permanent state 
and will tr ansmi t to the external air whose fixed temperature is a all the heat 
whidi the body loses. It follows that the quantity of heat escajung from the 
solid will be feS(6— a^), instead of bdiz^ hSQ) — o), for we suppose that tiie new 
surface of the solid and the surfaces which bound the shell have likewise the 
same extemsd conducibility h. It is evident that the exp^iditure of the souroe 
of heat will be less than it was at first. The problem is to detennine the exact 
-ratio these quantities. 

89. Xet 8 be the thickne ss of the dbell, tn the fixed tocDperature of its inner 
surface, n that of its out» surface, and K its internal ocmductivily. We 
Imve, as tiieexpxesmon cd the quantity of heat vduch leaves the 8<fiid throat 
its surface, kS(6-oO. 
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As tiiat oi Hie quantity which penetrates tiie hum surface of tiie shdl, 
AS(a'-»»). 

As that of tiie quantity which crosses any section whatever of the same 

sheU,iCS^^. 

' e 

Lastly, as the expression of the quantity which passes through the out^ 
surface into the air, a). 

All these quantities must be equal, we have therefore the following equar 
tions: 

— (m— »), 
c 

h(n — a) = ^(o' — m) , 

A(n — a) = — a') . 

If moreover we write down the identical equation 

A(n— o)~^(n— a), 

and arrange them all under the forms 


n— a=n— a, 
-n= ^ (n-o), 


m 


b—a'ssn— o. 


we find, on addition, 




The quantity of heat lost by the solid was a), when its surface com- 
municated freely with the air, it is now o') or feS(n— a), which is equivar 

lent to hS ^ . 

3 +^ 

The first quantity is greater than the second in the ratio of 3+ ^ to 1. 

In order therefore to maintain at temperature h a solid whose surface com- 
mimicates directly to the air, more than three times as much heat is necessary 
than would be required to maintain it at temperature 6, when its extreme 
surface is not adherent but separated from the solid by any small interval 
whatever filled with air. 

If we suppose the thickness 6 to be infinitely small, the ratio of the quantities 
of heat lost will be 3, which would also be the value if K were infinitely great. 

We can easily account for this result, for the heat being unable to escape 
into the external air, without penetrating several surfaces, the quantity which 
flows out must diminish as the number of interposed surfaces increases; but 
we should have been unable to arrive at any exact judgment in tins case, if the 
problem had not been submitted to analysis. 

90. We have not considered, in the preceding article, the effect of radiation 
across the layer of air which separates the two sur&^ses; nevertiidess this 
circumstance mocflfies the probl^, since thiare is a portion of heat which 
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pantioc directly ftcxosB tbe>intenr«ux^ iutw.W« diall supiKMe^ tb(D,:!l!0 aoAke^.tiM 
object of the analy^ more distinct, that the interval between the surface^ is 
free from mr, and that the heated body is covered by any number whatever of 
paralld laminse separated from each other. 

If the heat which escapes from the solid through its plane superficies main- 
ti^ed at a temperature b expanded itsdf freely in vacuo and was received by a 
parallel surface maintained at a less temperature a, the quantity which would 
be’'disper8ed in unit of time across unit of surface would be proportional to 
(6— a), the difference of the two constant temperatures: this quantity would 
represented by H(Jb—a), H being the value of the relative conducibility 
which is not the same as h. 

The source which maintains the solid in its original state must therefore 
furnish, in every unit of time, a quantity of heat eqqal to HS(b—a). I 
We must now determine the new value of this expenditure in the case where 
the surface of the body is covered by several successive laminae separated qy 
intervals free from air, supposing always that the solid is subject to the action 
of any external cause whatever which maintains its surface at the temperature 
Imagine the whole S3rstem of temperatures to have become fixed; let mi b^ 
the temperature of the under surface of the first lamina which is consequently' 
opposite to that of the solid, let ni be the temperature of the upper surface of 
the same lamina, e its thickness, and JC its specific conductivity; denote also 
by mi, ui, m 2 , nj, m$, ns, ms, ns, &c. the temperatures of the under and upper 
surfaces of the different laminse, and by K, e, the conductivity and thiclmess 
of the same laminse; lastly suppose all these surfaces to be in a state similiar to 
the surface of the solid, so that the value of the coefficient If is common to them. 

The quantity of heat which penetrates the under surface of a lamina cor- 
responding to any suffix t is HS(nM—mi), that which crosses this lamina is 
KS 

-—{mi—ni), and the quantity which escapes from its upper surface is 

These three quantities, and all those which refer to the other 
lamin80 are equal; we may therefore form the equation by comparing all these 
quantities in question with the first of them, which is mi); we shall 

thus have, denoting the number of laminae by j: 

6 — mi=6— mi, 
mi-ni= •gr(6-wi), 


ni— m8=6— 'mi, 

_ He . 

m2*^n2— -gr (o— mi), 


a=b— mi, ^ 

Adding these equations, we find 

(6-0)- ^1-1- 

Tbfe oxpenditure tA the sburco of heat necessary to maintain the surface of 
body .4 at the temperature 6 is H8{b^a), when thu surface sends its rays 
•td a fixed surface mamtained at the temperature a. The expenditureiiis 
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S8i3^r4m^ 'vhm wiiaee4MA;««to11i« eui:£M«;o^liiebo^>>A,^i^ 

«afece ni ainfa i in^ d iat temperature a^xam^j of ifldbtod lazniiUBjst^KniLtlw 
of Jbeat. whidi tiis acMjiroOiizvust furnish isivery uaudi Isss in the seooDd 


hypotheses than in the first, and the ratio of ihe two quantities is . » \ - < 


If we suppose the thickness e ot the lamiss to be infinitely smaU, the ratio 
isjqpj . The exp^dittue of l^e source is then inversely as, the number bt 


lamins which covo; the surface, of the solid. 

91. The examination of these results and of those which we obtained 
the intervals between successive enclosures were occupied by atmospheric air 
explain clearly why the separation of surfaces and the intervention of air 
assist very much in retaining heat. 


Analysis furnishes in addition analogous consequences when we suppose the 
source to be external, and that the heat which' emanates freon it crosses sue- 
eessively different diathermanous envelopes and Ihe air which they enclose. 
This is what has happened when experimenters have exposed to the rays of the 
sun thermometers covered by several sheets of ^ass within which different 
layers of air have been enclosed. 

For similar reasons the tmiperature of the higher re^ns of the atmosphere 
is very much less than at the surface of the earth. 

In general the theorems concerning the heating of air in closed spaces extend 
to a great variety of problems. It would be useful to reverii to th^ wl^ we 
wish to foresee and regulate temperature. with precision,, as in. the case of 
green'houses, drying-houses, sheep-folds, work-shops, or in many civil estab- 
lishments, such as hospitals, barracks, places of assmnbly. 

In these different applications we must attend to accessory circumstances 
which modify the results of analysis, such as the unequal thickness of different 
parts of the enclosure, the introduction of air, &c.; but th^ details would 
draw us away from our diief object, wbi(^ b t^ exact demonstration of gen- 
eral principles. 

For the rest, we have considered only, in what has j\ist been said, the per- 
manent state of temperature in closed spaces. We can in addition {express 
analytically the vatiaUe state which precedes, or that which be^ns to take 
place when the source of heat is withdrawn, and we can also ascertain in this 
way, how the specific pfoperties of the bodies which we employ, or tfaar 
dimensions alGfeet the progress and dutetion. of the heating; but tiuese re- 
searches reqiure a different analysis, the principles of tfrhich will be exifiained 
in the following chapters. 


SECTION VII. On the Uniform Movement of He<U in Three Dimensione 

92. Up to tins time we have conodered tiib uniform .movemtot of heat in one 
dksenedon QB]y« but it is eai^ to airily the same piinoiplee to the case in wideii 
heat is propaffi^ uoifomdy in three directiems at x^it angles. 

Suppose the different points of asolid !mdosed by ox planes at light an^ee 
bk.-have unequal actual itempmutures repmsented. by 'tite. lineaa. eqpiatimi 
y* ^1 being the rectangalaar ecHurdinatea ota^mbleeidd 
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tvluMSfr temperature is e. Suppose further that any external eauses whatever 
aetiag^ the six faces of the prism maintain every one of the molecules situ- 
ated on the Butfara, at its actual temperature expressed by the general equa- 
tion 

»=A-4-o*-|-6y+ca • • • (o)» 

we shall prove that the same causes which, by h 3 rpothe 8 is, keep the outer layers 
of the solid in their initial state, are sufficient to preserve also the actual ton- 
peratures of every one of the inner molecules, so that their temperatures do not 
oease to be represented by the linear equation. 

The examination of this question is an element of the general theory, it will 
serve to determine the laws of the varied movement of heat in the interior of a 
solid of any form whatever, for every one of the prismatic molecules of which 
the body is cmnposed is during an infinitely smalhtime in a state similar [to 
that which the linear equation (a) expresses. We may then, by following the 
ordinary principles of the differential calculus, easily deduce from the notion of 
uniform movement the general equations of varied movement. \ 

93. In order to prove that when the extreme layers of the solid preserve their 
temperatures no change can happen in the interior of the mass, it is sufficient 
to compare with each other the quantities of heat which, during the same 
instant, cross two parallel planes. 

Let b be the perpendicular distance of these two planes which we first sup- 
pose parallel to the horizontal plane of x and y. Let m and m' be two infinitdy 
near molecules, one of which is above the first horizontal plane and the other 
below it: let x, y, z be the co-ordinates of the first molecule, and x', y', z' those 
of the second. In like manner let M and M' denote two infinitely near mole- 
cules, separated by the second horizontal plane and situated, relatively to that 
plane, in the same manner as m and m’ are relatively to the first plane; that is 
to say, the co-ordinates of M are x, y, z-f-j5, and those of M' are a/, y', It 
is evident that the distance mm' of the two molecules m and m' is equal to the 
distance MM' of the two molecules M and M'; further, let v be the tempera- 
ture of m, and v' that of m', also let V and V' be the t^peratures of M and M', 
it is easy to see that the two differences v—v' and V—V' are equal; in fact, 
substituting first the co-ordinates of m and m' in the general equation 

v=A+ax+by+ez, 

we find »-»'«=o(x-x')+6(y-y')+c(z-z'), 

and then substituting the co-ordinates of M and M', we find also V—V' 
*"o(x— x^)-t-6(p— y')-f-c(z— s'). Now the quantity of heat which m sends to m' 
di^)ends on the distance mm', which separates these molecules, and it is 
proportional to the difference v—v' of th^r temperatures. This quantity of 
heat transferred may be represented by 

q(v-v')dti 

the value of the coefficient q depends in some manner on the digtuntw mm', a nd 
<m the nature of the substance of which the solid is formed, dt is the duration of 
the instant. Ihe quantity of heat transferred from M to M', or the acticm of 
Jf on M' is expressed likewise by q{V-V')dl, and the coefficient $ is the same 
as in the expression q[v-y)dt, tince the distance MM' is equal to mm' and the 
twp actions are effected in the same solid: furthomore F— F' is equal to »— s', 
iu^Boe the two actions are equal. 
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If yte choose two otho* points n and n\ veiy near to each other, which 
transfer b^t across the first horisontal plane, we shall find in the same maniwr 
that their action is equal to that of two homologotis points and iV' whidi 
communicate heat across the second horizontal plane. We conclude thffli that 
Ihe whole quantity of heat u^ch crosses the first plane is equal to that which 
crosses the second jdane during the same instant. We ehould derive the same 
result from the comparison of two planes parallel to the plane of x and t, or 
from the comparison of two other planes paralld to the plane of y and 2. Hoice 
any part whatever of the solid enclosed between »x planes at right angles, 
receives through each of its faces as much heat as it loses through the opposite 
face; hence no portion of the solid can change temperature. 

94. Thus, across one of these planes, a quantity of heat flows which is the 
same at all instants, and which is also the same for all other parallel sections. 

In order to determine the value of this constant flow we shall compare it 
with the quantity of heat which flows uniformly in the most simple case, 
which has been already discussed. The case is that of an infinite solid enclosed 
between two infinite planes and maintained in a constant state. We have seen 
that the temperatures of the different points of the mass are in this .case 
represented by the equation v=^A+ez; we proceed to prove that the uniform 
flow of heat per imit area propagated in the vertical direction in the infinite 
solid is equal to that which flows in the same direction per unit area across the 
prism enclosed by six planes at right angles. This equity necessarily exists if 
the coefficient c in the equation v—A+ez, belon^g to the first solid, is the 
same as the coefficient c in the more general equation i>=A+aa:+6j/H-c2 which 
represents the state of the prism. In fact, denoting by H a plane in this prism 
perpendicular to 2, and by m and n two molecules very near to each other, 
the first of which m is below the plmie H, and the second above this plane, 
let V be the temperature of m whose co-orffinates are x, y, z, and w the tem- 
peratiire of ft whose co-ordinates are *+a, y+fi, z+y. Take a third molecule 
ft' whose co-ordinates are x—a, y—fi, *+7, and whose temperature may be 
denoted by w\ We see that ft and m' are on the same horizontal plane, and that 
the vertical drawn from the middle point of the line fifi', which joins these two 
points, passes throu^ the point m, so that the distances mu and mtt' are equal. 
The action of m on ft, or the quantity of heat which the first of these molecules 
sends to the other across the plane H, depends on the difference v—xo of their 
temperatures. The action of m on m ' depends in the same manner on the differ- 
ence t;— w' of the temperatures of these molecules, since the distance of m from 
ft is the same as that of m from Thus, expressing by q^p—w) the action of 
m on M during the unit of time, we shall have q{v—w') to express the action of 
m on ft', q being a common unknown factor, depending on the distance mft and 
on the nature of the solid. Hence the sum of the two actions exerted dumg mat 
of timei8g(i>— 

If instoid of X, y, and 2, in the general equation 

V’^’A+ax+by+cz, 

we substitute the co-ordinates of m and th^ those of ft and ft^, we shall find 

v—xo’=‘—ad—bp—cy, 

®— -f-aot-f-ftd-— cy. 

The sum of the two actions of m on a and of m on a' ie tiierefore -~’2goy.' 
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i BdppoM tibe&.that;tbe plane H beleoge to.^ infinite ise]i4 \«ib«iM jb^ap(«^ar 
tur&equa^aaa i» v wA 4-ct» and thait we. denote also ;b 3 r,m»! n and tb^esemoj^ 

outoa in this solid whose oo-ordinatee are x, % z for. the ficst, 4:dr«r> iH'd* <Hhir 
the aeeond, imd x—a, y— /3, s+y for the third: we shall have, as in the 
preceding case, v.—w+v—w'‘*‘ --2 cy- Thus the sum the two actions of m on 

M and of m on //, is the same in the infinite solid as in jthe prism enclosed 
between the six planes at right angles.. 

We should obtain a similar result, if we oonsidered the^actien of another 
pomt n below the plane ff on two oth^ y and r', situated at the same hdght 
above the plane. Hence, the sum of all the actions of this kind, which are 
exerted across the plane H, that is to say the whole quantity of heat whichj 
during unit of time, passes to the upper tide of this surface, by virtue of the 
action of very near molecules which it separates, 'iS'always the same in both 
solids. \ 

95. In the second of these two bodies, that which is bounded by two infinite 
planes, and whose temperature equation is we know that the quanv 

tity of heat which flows during unit of time across unit of area taken on. any 
horizontal section whatever is -^cK, c bting the coefficient of z, and K 
specific conductivity; hence, the quantity of heat which, in the prism enclosed 
between six planes at ri^t angles, crosses during unit of time, imit of area 
taken on any horizontal section wlmtever, is also —cK, when the linear equa- 
tion which represents the temperatures of the prism is 

v—A+ax+by+cz. 

In the same way it may be proved that the quantity of heat which, during 
unit of time, flows uniformly across unit of area taken on any secticm whatev^ 
perpendicular to z, is expressed by —oK, and that the whole quantity which^ 
during unit of time, crosses unit of area taken on a section perpendicular to py 
is expressed by —bK: 

ipie theorems which we have demonstrated in this and the two preceding 
articles, suppose the direct action of heat in the interior of the mass to -be 
limited to an extremely small distance, but they would still be true, if the rays 
heat sent out by eatii molecule could p^etrate directly to a quite apptreci- 
able distance, but it would be necessary in this case, as we have- remarked in 
Article 70, to suppose that the cause which maintains the temperatures of the 
faces of the solid affects a part extending within the mass to a -finite depth. 

SEiCTION VIII. Measure of the Mowment of Heat at a Given Point 

of a Solid Moan _ 

06. It still r em ai ns for us to determine one of the principal dements of the 
theory of heat, which consists in defining and in measuring exactly- the quanf** 
tity of heat which passes through -eveiy-point of a solid maas across ^a- plane 
whose direction is pven. 

If heat is unequally distributed amongst the molecules of the same body, 
tim temperatures at any point will.vaiy every instant. Denoting by t tiMi.time 
'.which has elapsed, and by v the temperature attained after a time t by an 
inSnitdy small molecule vfliose co-6rdinstes are x, y, z; the variable state of the 
solid will be exprewed by an equation dmilar to tiie following y, z, (). 

the function F .to be.jgivea,:aod that ccmssquentiy we 
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&t eipeiy instaat the letop^totv «l any pcmt ;^3iBaguie tiiftt timw^ 

the point m we draw a horiaontal plane i)aralid to that of x y,. and that on 

this plane we trace an infinitely small circle a, whose cehlro at m; it is 
required to detemfine what is the quantity of heat which during titte instant dt 
will pass across tiie eircle w from the part ol the scdid which is h^w the plane 
into the part above it. 

All pmnts extremely near to the point m and under the plane exert tfamr 
action during the infinitely »naU instant dt, on all those which are above the 
plane and extremely near to the point m, that is. to say, each the pcmts 
atuated on one side of this plane will send h«tt to each of those which are 
situated on the other side. 

We shall consider as positive an action whose effect is to transport a certain 
quantity of heat above the plane, and as negative that which causes heat to 
pass below the plane. The sum of all the partial actions which are exerted 
across the drcle a, that is to say, the sum of all the quantities of heat which, 
crossing any point whatever of tlds circle, pass from the part of the solid bdow 
the plane to the part above, compose the flow whose expression is to be found. 

It is easy to imagine that this flow may not be the same throu^out the 
whole nxtent of the solid, and that if at aimther point m' we traced a horizCntal 
circle u' equal to the former, the two quantities of heat which rise above these 
planes w and a' during the same instant mi^t not be equal: these quantities 
are comparable with each otiier and thw ratios are numbers which may be 
easily determined. 

97. We know already the value of the constant flow for the case of linear and 
uniform movement; thus in the solid enclosed between two infinite horizontal 
planes, one of which is maintained at the temperature a and the other at the 
temperature b, the flow of heat is the same for every part of the mass; we may 
regard it as taking place in the vertical direction only. The value corresponding 

to unit of surface and to unit of time is K (^> e denoting the perpendic- 
ular distance of the two planes, and K the specific condudbility : the t^pera- 
tures at tiie different points of the solid are expressed by the equation 

When the problem is that of a solid comprised between six ^tangular 
planes, pairs of which are par^d, and the temperatures at the d^erent points 
are expressed by the equation 

V’^A+ca+by+cz, 

the propagation takes place at the same time along the directicms of x, of y, 
o£ z; the quantity of heat which flows acro^ a definite portion of a plane 
parallel, to that of a:. and y is the same throughout the whole extent <k the 
prism; its value oorrespcmdiog to unit of surface, and to unit of time is -^-cKi 
in the direction of a, it is —bK, in the direotirm of .y, and ~^aK in that.(d a. 

In general tiie value of the vertical flow in.the two cases which we have jud: 
cited, depends only on the coefficient of i and on the i^dfic conductivity 

dv 

this value is always equal to — ' * 

Hie exprecftion of the qu^tity of heat during the instwt 
across a horizbiitail ch^e infinitely* dnalt,' wiidse area is or, and ]^tuses in this 
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uueiH 

dw'Y 
■ dz ^ 


manne r &om Uie part of the solid which is below tiie plane of the eirole to the 

part above, is, for the two cases in question, udt. 

98. It iseasynowtogeneralisethisresultandtorecognisethatitexistsineveiy 
case of the varied movement of heat expressed by the equation v^F{x, y, z, t). 

Let us in fact denote by s', y*, z!, the co-ordinates of this point m, and its 
actual temperature by v'. Let x'+(, y'+ri, s'+f, be the co-ordinates of a 
point M infinitely near to the point m, and whose temperature is w; y, ^ are 
quantities mfinitely small added to the co-ordinates s', y', they determine 
the position of molecules infinitely near to the point m, with respect to three 
rectangular axes, whose origin is at m, parallel to the axes of x, y, and z. 
Differentiating the equation 

v=F{x, y, z, 0 • j 

and replacing the differentials by ri, i*, we shall have, to express the valueW 
v> which is equivalent to v+dv, the linear equation w — r'-J- {-|- ^ ’J+ ' 

the coefficients ^ ^ ^ functions of x, y, z, t, in which the given anc 

constant values x’, y', z', which belong to the point m, have been substituted 
for X, y, z. 

Suppose that the same point m belongs also to a solid enclosed between ax 
rectangular planes, and that the actual temperatures of the points of this 
prism, whose dimensions are finite, are expressed by the linear equation 
tfl=d-|-oC-J-&i;+cf ; and that the molecules situated on the faces which bound 
the solid are maintained by some external cause at the temperature which is 
assigned to them by the linear equation. (, 17 , f are the rectangular co-ordinates 
of a molecule of the prism, whose temperature is w, referred to three axes 
whose origin is at m. 

This arranged, if we take as the values of the constant coefficients d, a, 6 , 

c, which enter into the equation for the prism, the quantities ^ , 

ctx 0/y dz 

wUch belong to the differential equation; the state of the prism expressed by 
the equation 

d® dy dz * 

will coincide as nearly as possible with the state of the solid; that is to say, all 
the molecules infinitely near to the point m will have the same tempierature, 
whether we consider them to Ire in the solid or in the prism. This coincidence 
of the solid and the prism is quite analogous to that of ciu^ed surfaces with the 
planes which touch them. 

It is evident, from this, that the quantity of heat which flows in the solid 
across the circle w, durii^ the instant dt, is the same as that which flows in the 
prism across the same circle; for all the molecules whose actions concur in one 
rfFect or the other, have the same temperature in the two solids. the 

flow in question, in one solid or the other, is expressed by - Jfi: ^ adt. It would 
be -R: ^ «<ft, if the circle «, whose centre is to, were perpendicular to the axis 
iA y, and —K ^ wdi, if this circle were perprorfficular to the axis of*. 
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The value of tiie flow which we have just determined varies in the soUd from 
one point to another, and it varies also with the time. We mi^t imag^e it to 
have, at all the points of a unit of surface, the same value as at the point m, 
and to preserve this value during unit of time; the flow would then be ex- 
pressed by —If ^ , it would be — iT ^ in the direction of y, and — Jf ^ in that 

of X. We shall ordinarily employ in calculation this value of the flow thus 
referred to unit of time and to unit of surface. 

99. Hus theorem serves in general to measure the velocity with which heat 
tends to traverse a given point of a plane situated in any manner whatever in 
the interior of a solid whose temperatures vary with the time. Throu^ the 
given point m, a perpendicular must be rmsed upon the plane, and at every 
point of this perpendicular ordinates must be drawn to represent the actuil 
temperatures at its different points. A plane curve will thus be formed whose 
axis of abscissse is the perpendicular. The fluxion of the ordinate of this curve, 
answering to the point m, taken with the opposite sign, expresses the velocity 
with which heat is transferred across the plane. This fluxion of the ordinate is 
known to be the tangent of the angle formed by the element of the curve with 
a parallel to the abscissse. 

The result which we have just explained is that of which the most frequmit 
applications have been made in the theory of heat. We cannot discuss the 
different problems without forming a very exact idea of the value of the flow at 
every point of a body whose temperatures are variable. It is necessary to insist 
on this fundamental notion; an example which we are about to refer to will 
indicate more clearly the use which h^ been msuie of it in analysis. 

100. Suppose the different points of a cubic mass, an edge of which has the 
length v, to have unequal actual temperatures represented by the equation 
V = cos X cos y cos z. The co-ordinates x, y, z are measured on three rectangular 
axes, whose origin is at the centre of the cube, perpendicular to the faces. The 
points of the external surface of the solid are at the actual temperature 0, and 
it is supposed also that external causes maintain at all these points the actual 
temperature 0. On this hypothesis the body will be cooled more and more, the 
temperatures of all the points situated in the interior of the mass will vary, 
and, after an infinite time, thqy will all attain the tonperature 0 df the surface. 
Now, we shall prove in the sequel, that the variable state of this solid is 
expressed by tiie equation 

cos X cos y cos sv 

Sir 

the coefficient g is equal to , K is the specific conduclivily of the sub- 
stance of which the solid is formed, D is the density and C the specific heat; 
t is tlie time elapsed. 

We here suppose that the truth of this equation is admitted, and we proceed 
to examine &e use udiich may be made of it to find the quantity of heat wMch 
crosses a giv^ plane jparallel to one of the three planes at tiie right a ngle s. 

If, throu^ the point m, whose co-ordinates are x, y, z, we draw a plane 
perpendicular to z, we shall find, after the mode of the preceding artade, that 

^e value of the flow, at this point and across the plane, is —IT ^ , or oos 

X'COB ysin z. The quantity of heat which, during the instant df, erosses ah 
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InfitiStoIr amall iwSfcan^e, situated on this pkne, and whose wdes are das and 
dtr> ia 

K er»* cos x cos y ^zdxdy dt. 

Thus the whple heat which, during the instant dt, crosses the entire area ci 
the same plane, is 

K er* sin z-dd J / cos xooay dx dy; 


the double integral bang taken from »■» — up to *— Jw, and from y = ~iir 
up to y=\ir. We find then for the expression of this total heat, 

4 iC e~*‘ sin «•<#. 


If thoi we take the integral with respect to t, froratBO to we shall 

the quantity of heat which has crossed the same plmae since the cooling 

up to the actual moment. This integral is ^ sin s(l — e“*0» its value at the 

face is 



go that after an infinite time the quantity of heat lost through one of the faces 
is .The same reasoning being applicable to each of the dx faces, we conclude 
tiiat the solid has lost by its complete cooling a total quantity of heat equal to 
or BCD, since g is equivalent to gig . The total heat which is dissipated 


during the cooling must indeed be independent of the special conductivity K, 
which can only influence more or less the velodty of cooling. 

100. A. We may determine in another manner the quantity of heat which the 
solid loses during a given time, and this will serve in some degree to verify the 
prece(fing calculation. In fact, the mass of the rectangular molecule whose 
dimensions are dx, dy, dz, ia D dx dy dz, consequently the quantity of heat 
which must be given to it to bring it from the tonperature 0 to that of boiling 
wata is CD dx dy dz, and if it were required to raise this molecule to the 
temperature v, Ihe expenditure of heat would be v CD dx dy dz. 

It follows from this, that in order to find the quantity by which the heat of 
the solid, after time t, exceeds that which it contained at the temperature 0, 
we must take the multiple integral /// r CD dx dy dz, between the limits 
**» —ir, »=i9r, y= — Jir, y = Jt, «*= — iw, s = |t. 


We thus find, on substituting for r its value, that is to si^ 


e~»‘ cos X cos y ooBZ, 

that the excess of actual heat over that which belongs to tibe t(^paature 0 is 
8CDery*i or, at the stiurt, 8CD, as we fotmd b^ore. 

r We have described, in thb introduction, all the elemoita whi(h it is neces? 
sai!y to know in order to solve different problemt rdbting to the movemoit 
heat ia solid boihes, and we have givm some applications of these principles, 
in.trder to shew the mode of employing than in snalyids;. the most important 
which we haye bean able to mahe of them, is. to deduce from than ^ 
. genoal equations of the propagation df heat, 'dUch is the subject Of t^ n^ 
flhapter.- •= . 


‘ » i. 
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Equations of thn MoviSMiiNT of Hbat 


SECTION I. Expiation of ffie Varied Movement of Heat in a Bing 

101. We might form the genmul equaticms which r^resent the movsoient of 
heat in solid bodies of any form whatever, and apply th«n to particular casek 
But this method would oftoi involve very complicated calculations which 
may easily be avoided; There are several problems which it b preferable to 
treat in a special manner by expressing the conditions which are appropriate 
to them; we proceed to adopt this course and examine separately the problems 
which have been enunciated in the first section of the introduction; we will 
limit ourselves at first to forming the differential equations, and shall give the 
integrals of them in the following chapters. 

102. We have already considered the uniform movement of heat in a pris- 
matiO bar of small thickness whose extremity is immersed in a constant source 
of heat. This first case offered no difficulties, since there was no reference 
except to the permanent state of the temperatures, and the equation which 
expresses them is eaaly integrated. The following problem requires a more pro- 
found mvestigation; its object is to determine the variable state of a solid ring 
whose different points have received initial temperatures entirely arbitrary. 

The solid ring or armlet is generated by the revolution of a rectangular sec- 
tion about an axis perpendicular to the plane of the ring (see %ure 3), I is the 
perimeter of the section whose area is S, the coefficient k 
measures the external conductivity, K the internal con- 
ductivity, C the specific capacity for heat, 2) the density. 
The line oxx V' represents the mean drcr^erence of the 
armlet, or that line whuh passes throi^ the centres of 
%ure of all the sections; the distance of a section from 
the origin o is measured by the arc whose length is x; E 
is the radius of the mean drcumferenoe. 

It is supposed that on account of the small dimenacns 
and of the form of the section, we may eonader the tem- 
perature at the different points of the same siration to be equal* 

103. Ima^e that initial arbitrary temperatures have be^ ^ven to the 
different sections of the armlet, and that the sold is then expdsed to sir main- 
taiiled at the tempwatiire 0, and disifiaced with a etmstant velocity; the sys^ 
tern of temperatures wijl conthu^y yniyf heat, will be transmit^ within;^ 
ring, and dispersed at the surface: it is requi^ to determine what will be the 
state of the solid at any giyeu instant. . . 

Let V be the temperature whi(h the sectiiim atuated at distance x will have 
aeitnied alter a lapw of time I; eis a oertidn function ol x and ^ into wydhuU 
tihe iritiB} iempert^irw ah» ffinotion whi^la to be 

(ffscovered. 



221 



222 FOURIER 


Chap. II 


104. We -will comdder the movem«it of heat in an infinitdy mnall shoe, 
endosed between a section made at distance x and another section made at 
distance x+dx. The state of this slice for the duration of one instant is that of 
an infinite solid terminated by two parallel planes maintained at imequal 
temperatures; thus the quantity of heat which fiows during this instant dt 
atoroaa the first section, and passes in this way from the part of the solid which 
precedes the slice into the slice itself, is measured according to the principles 
established in the introduction, by the product of four factors, that is to say, 

the condudbility K, the area of the section S, the ratio — ^ , and the duration 


of the instant; its exprestion is —KS ^ dt. To determine the quantity of heat 

which escapes from the same slice across the second section, and passes ini 
the contiguous part of the solid, it is only necessary to change x into x+dx I 
tiie preceding expression, or, which is the same thing, to add to this expressio 
its differential taken with respect to x; thus the slice receives through one < 

its faces a quantity of heat equal to —KS ^ dt, and loses through the opposit 

face a quantity of heat expressed by 


-KS^dt-KS^dxdt. 


It acquires therefore by reason of its position a quantity of heat equal to tibe 
difference of the two preceding quantities, that is 

KS?^,dxdt. 


On the other hand, the same slice, whose external surface is Idx and whose 
temperature differs infinitely little from v, allows a quantity of heat equivalent 
ix}hlodxdtto escape into the air during the instant dt; it follows from this that 
this infinitely small part of the solid ret ains in reality a quantity of heat 
cPv 

represented by KS -^dx dt—hlv dx dt which makes its temperature vary. The 

amount of this change must be examined. 

105. The co^cient C expresses how much heat is required to raise unit of 
weight of the substance in question from temperature 0 up to temperature 1 ; 
oons^uently, multiplying the volume Sdx of the infinitely small slice by the 
density D, to obtain its weight, and by C the specific capacity for heat, we 
i^afi have CDS dx as the quantity of heat which would raise the volrune of the 
slice from temperattue 0 up to temperature 1. Hence the increase of tempera- 

ture which results from the addition of a quantity of heat equal to KS ^ dx dt 

—hiv dx dt will be foimd by dividing the last quantity by CDS dx. Denoting 
tb^afore, according to custom, the increase of temperature which takes place 

during the instant dtby^dt, we shall have the equation 

d» _ K d^v hi _ 

dt CD da^ CDS” ' ' ’ 

We idutU explain in tiie sequel the use which may be made of tiiis equation 
to determine the complete solution, and what &e difficulty of the problem 
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oonristH in ; we lunit oundvBs here to a remark concernii^ ijifi poemaneat state 
of the amojet. 

106. Suppose that, the plane of the ring bdng horizontal, sources of heat, 
eadi of which exerts a constant action, are placed below differrait jioints m, n, 
p, q etc.; heat will be propagated in the solid, and that which is disrapated 
through the surface being incessantly replaced by that which emanates from 
the sources, the temperature of every section of the solid will approach more 
and more to a stationary value which varies from one sectum to another. In 
order to repress by means of equation (5) the law of the latter temperature, 
which would exist of themselve if they were once established, we must supr 
pose that the quantity v does not vary with respect to t; wblch antmlH the 

term ^ . We thus have the equation 

^ = gg whence v—Me ^ ^+Ne ^ 

M and N bdng two constants. 

107. Suppose a portion of the circumfeence of the ring, situated between 
two succestive sources of heat, to be divided into equal parts, and denote by 
Vi, Vs, Vs, t) 4 , &c., the tonperatures at the points of division whose distances 
from the oripn are xi, Xs, Xs, xt, &c. ; the relation between v and x will be given 
by the preceding equation, after the two constants have been determined by 
means of the two values of v corresponding to the sources of heat. Denoting 

by a the quantity e~Vra, and by X the distance *s— of two consecutive 
points of division, we shall have the equations: 

Vi=Mo^+Na-^, 

Vs “ Ma^ • 

V, = 

whence we derive the following relation s=a^4-a~^ 

1^2 

We should find a similar result for the three points whose temperatures are 
Vs, Vs, V4, and in general for any three consecutive points. It follows from this 
that if we observed the temperatures vi, vs, vs, vt, vt &c. of several succesdve 
points, all situated between the same two sources m and n and separated by a 
constant interval X, we should perceive that any three consecutive tempera- 
tures are always such that the sxun of the two extremes divided by the mean 
gives a constant quotient 

108. If, in the space included between the next two sources of heat n and p, 

the temperatures of other different points separated by the same intmval X 
were observed, it would still be found that for any three consecutive points, 
the stun of the two extreme temperatures, divided by the mean, pves the same 
quotient The value of this quotient depends ntither on the position 

nor on the intensdty of the sources of heat. 

109. Let q be this constant value, we have the equation 

v*=gt>*--vi; 

we see by this that when the circumfermice is divided into equal partst, the 
temperatures at the pmnts of divition, included between two consecutive 
sources of heat, are represented by the terms of a recurring series e^ose scale 
of relation is composed of two terms q and —1. 
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oonfirttked thb ilesult. We have esqibsed a'Bteisllio 
ring to toe permanent and simultaneous action of different sources of Imat, 
and tto ’have observed the ststionaiy tempemtures of several pmnts separated 
by ccMostent intervals; we dwasrs fotmd that the temperattires of any toree 
tonseeutave points, not separate by a source of heat, were connected tt» 
rela1d<m in question. Even if the sources of heat be multiplied, and in whatever 
mtmnor to^ be' disposed, no change can be effected in the numerical value of 

ft. t 

the quotient ; it depends only on the dimensions or on the nature of the 


ring, and not on the manner in which that solid is heated. 

110.< Wh^ we have found, by observation, the value of the constant quo- 
tient q or , the value of a' may be derived firoib it by means of the eqi 




tion a^+a~^=g. One of the roots is fit\ and other root is a-\ This quantity 
being determined, we may derive from it the value of the ratio , which I 
S 

](log di)*. Denoting ot^ by «, we shall have «* — g«+ 1 = 0. Thus the ratio of th^ 


two conductivities is foimd by multifd3dng j by the square of the hyperbolic 

logarithm of one of the roots of the equation <■>*— gu+l =:0, and dividing toe 
product by X*. 


SECTION II. Equation of the Varied Movement of Heat in a Solid Sphere 

111. A solid homogeneous mass, of the fonn of a sphere, having been im- 
mersed for an infinite time in a medium mtuntained at a permanent tempera- 
ti^ 1, is then exposed to air which is kept at temperature 0, and displaced 
with constant velocity : it is required to determine the succesrive states of the 
body during the whole time of the cooling. 

, D^ote by x the distance of any point whatever from the centre of the 
sphoro, and by v the temperature of the same point, after a time t has elapsed; 
and suppose, to make toe problem more general, that the initial temperatore, 
oonunon to all points situated at the distance z from the centre, is different for 
diffeimit values of.zi which is what would have been the case if the unmmsion 
^rad not lasted for an infinite time. 

Points of the solid, equally distant from the centre, will not cease to have a 
oonunon temperature; v is thus a function of z and t. When we suppose t*=0, 
it is esseni^ that the value of this function should agree with the initial state 
whi^ .is. given, tmd which is entirely arbitrary. 

> ' 1^2. W® shall confflder toe instantaneous mov^nent of heat in an infinite^ 
JrW, b®*®4®d by two spherical surfaces whose radii are z a-nH x•^•dz! 
qimtity of heat which, during an infinitely small instant dt, crosses the lifvwe T 
surface whose radius m *, and so passes from that part of the solid which is 
nearest to ^ centre into the spherical shell, is equal to the product of four 
factors which are the inductivity AT, toe duration dt, the extent 4r®* of 

karate, and the ratio ^ , taken with the native dpi; it is iBxi»esBed by 
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To detei^ne ifae qoaatify of host wliidi flows duzinilthe *«m« 
through the second surface of the same shell, and passes from tins shell into 
the part of the solid wluch envelops it, z must be changed into x+dz, in the 

dv 

preceding expression : that is to say, to the term —4^11** ^ di must be added 
the difiermitiai of this tenh t^ken with respect to z. We thus find 

'~4Kxx!»^dt-4Kird^a/‘^ dt 


as the expression of the quantity of heat which leaves the spherical shell 
across its second surface; and if we subtract this quantity from that which 


enters through the first surface, we shall have 4Kird 



dt. This differmce 


is evid^tly the quantity of heat whidx accumulates in the intervening shdl, 
and whose effect is to vary its t^perature. 

113. The coefficient C denotes the quantity of heat which is necessary to 
raise, from temperature 0 to temperature 1, a definite unit of weight; D is the 
wmght of unit of volume, is the volume of the intervening layer, diffeiv 

ing from it only by a quantity which may be omitted: hence AvCDa^dx is the 
quantity of heat necessary to raise the intervening shell from temperature 0 to 
temperature 1. Hence it is requisite to divide the quantity of heat which 
accumulates in this shell by AzCDa^dx, and we shall then find the increase of 
its temperature v dutii^ the time dt. We thus obtain the eqriation 





3?dx 


or 


^ ^ a. 2 M 

dt~ CD' Vdn* ’^xdx)''' 


114. The preceding equation represents the law of the movement of heat in 
the interior of the solid, but the temperatures of points in the surface are sul> 
ject also to a special condition which must be expressed. This condition rda- 
tiy^ to the state of the surface may vary according to the pature of the probr 
leihs discussed: we may suppose for example, that, after having heated the 
sphere, and raised all its molecules to the temperature of boiling water, 
cooling is effected by giving to all points in the surface the t^perature 0, and 
by retaining them at this temperature by any exteimal cause whatever. In this 
case we may ima^e the sphere, whose variable state it is desired to deter* 
mine, to be covert by a very tiiin envelope on which the cooling agency exerte 
its action. It may be suppos^, 1**, that this infimtely thin envdope adheres to 
the solid, that it is of the same substance as the solid and that it forms a past 
of it, like the other portions of the mass; 2**, t^t all the molecules of. the. .myeir 
lope are subjected to temperature 0 by a cause always in action which pro'^ts 
the t^peratute from ever bang above or below aero. To express this txmdl* 
ticm theoretically, the function p, whi,ch contains x and t, must be made, Jbo 
become nul, whoa we ^ve to « its complete value X equal to the of tlm 
whatever dtie the vidoe of < may 'be. We shbuld thm MatAe, ^'mis 
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^poiliesis, if we dmote by ^(z, 0 function of x and t, which es^resses the 
value of V, the two equations 

d» K ( dPv 


dt CD 


( ^ j_ H 
ydz* X dx)’ 


and ^(X, 0=0. 


Further, it is necessary that the initial state should be represented by the same 
function 4t(x, t) : we shall therefore have as a second condition 4>(x, 0) » 1. Thus 
the variable state of a solid sphere on the hypothesis which we have first 
described will be represented by a fimction v, which must satisfy the three 
preceding equations. The first is general, and belongs at every instant to all 
points of the mass; the second affects only the molecules at the surface, and 
the third belongs only to the initial state. 

115. If the solid is being cooled in air, the second equation is different;| it 

must then be imagined that the very thin envelope is maintained by some 
external cause, in a state such as to produce the escape from the sphere, at 
every instant, of a quantity of heat equal to that which the presence of tne 
medium can carry away from it. \ 

Now the quantity of heat which, during an infinitely small instant dt, flow^ 
within the interior of the solid across the spherical surface situate at distance 

X, is equal to and this general expression is applicable to all 

values of x. Thus, by supposing z=X we shall ascertain the quantity of heat 
which in the variable state of the sphere would pass across the very thin 
envelope which boimds it; on the other hand, the external surface of the solid 
having a variable temperature, which we shall denote by V, would permit the . 
escape into the air of a quantity of heat proportional to that temperature, and 
to the extent of the surface, which is 47rX^. The value of this quantity is 
AhwXWdt, 

To express, as is supposed, that the action of the envelope supplies the 
place, at every instant, of that which would result from the presence of the 
medium, it is sufficient to equate the quantity AhirX^Vdt to the value which 

dv 

the expression — 4ir vX® ^ dt receives when we give to z its complete value X ; 
hence we obtain the equation ^ ^ which must hold when in the func- 

tions ^ and V we put instead of z its value X, which we shall denote by writing 
dV 

it in the form K A F = 0. 

116. The value of ^ taken when z = X, must therefore have a constant ratio 

— to the value of v, which corresponds to the same point. Thus we dtall 
suppose that the external cause of the cooling determines always the state of 
the very thin envelope, in such a manner that the value of ^ which results 
from this state, is proportional to the value of v, corresponding to x.=‘X, and 
that the constant ratio of these two quantities is — . This condition being 

i^dfiUed hy means of some cause always present, which prevents the extmne 
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value of ^ from being aoythiiigdse but — ^v, lAie action of tiieenvdopewfll 
take the place of that of the air. 

It is not necessary to suppose the envelope to be extremely thin, and it will 
be seen in the sequel that it may have an indefinite thickness. Here the thick> 
ness is considered to be indefinitely small, so as to fix the attention on the state 
of the surface only of the solid. 

117. Hence it follows that the three equations which are required to deter- 
mine the function ^{x, t) or v are the following, 


— — , 2 (^\ 
dt ~ CD\da^'^x dxj’ 


K^+hV-O, 


*(a;,0)-l. 


The first applies to all possible values of x and t; the second is satisfied when 
x^X, whatever be the value of t; and the third is satisfied when t=0, whatever 
be the value of x. 

It might be supposed that in the initial state all the spherical layers have not 
the same temperature: which is what would necessarily happen, if the immer- 
raon were ima^ned not to have lasted for an indefinite time. In this case, 
which is more general than the foregoing, the given function, which expresses 
the initial temperature of the molecules situated at distance x from the centre 
of the sphere, will be represented by f(x); the third equation will then be 
replaced by the following, ^(x, 0) =F(x). 

Nothing more remains than a purely anal 3 r 1 ical problem, whose solution 
will be given in one of the following chapters. It consists in finding the value 
of V, by means of the general condition, and the two special conditions to 
which it is subject. 


SECTION III. Equations of the Varied Movement of Heat in, a Solid Cylinder 

118. A solid cylinder of infinite length, whose side is perpendicular to its 
circular base, having been wholly immersed in a liquid whose temperature is 
uniform, has been gradually heated, in such a manner that all points equally 
distant from the axis have acquired the same temperature; it is then exposed 
to a current of colder air; it is required to detmmine the temperatures of the 
different layers, after a given time. 

X denotes the radius of a cylindrical surface, all of whose points are equally 
distant from the axis; X is the radius of the cylinder; v is the temperature 
which points of the solid, situated at distance x from the axis, must have after 
the lapse of a time denoted by t, since the beginning of the cooling. Thus v is a 
function of x and (, and if in it t be made equal to 0, the function of x which 
arises from this must necessarily satisfy the initial state, which is arbitrary. 

119. Consider the movement of heat in an infinitely thin portion of the 
cylinder, included between the surface whose radius is x, and that whose 
radius is x+dx. The quantity of heat which this portion receives during the 
instant dt, from the part of the solid which it envdops, that is to sf^, the 
quantity which during the same time crosses the cylin^cal surface whose 
radius is z, and whose length is supposed to be equal to unity, is e^ressed 
by 
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To fizK| quaolitjr of heat which, croea^ the eecoiu} eurfap^ whose radiu^ 
is z+dx, passes from the ini^tdy tluh shell into the part of the solid which 
envdiops it, we must, in the foregoing expression, change x into x+dx, dr, 
which is Ihe same thing, add to the term 

-2Kirx^dt, 

the differential of this term, tak^ with respect to x. Hence the difference of 
the heat received and the heat lost, or the quantity of heat which accumulating 
in the infinitely thin shell determines the changes of temperature, is the same 
differential taken with the opposite sign, or 

lSKx-d|.d(x|):--- I 

on the other hand, the volume of this intervening shell is 2irxdx, and 2CDirx^ 
expresses the quantity of heat required to raise it from the tonperature 0 to 
the temperature 1, C being the specific heat, and D the density. Hence t^ 
quotient \ 

2Kvdtd(x^ 

2CDvxdx 


is the increoaent which the temperature receives during the instant dt. Wheace 
we obtain the equation 

— — — ( — j. 1 

dt CD \dz* X dx/ 

120. Hie quantity of heat which, during the instant dt, crosses the cylin- 
drical surface whose radius is x, being expressed in general by 2Ktx ^ dt, we 

s^tall find that quantity which escapes during the same time from the surface 
of the solid, by making X’^X in the foregoing value; on the other hand, the 
same quantity, dispersed into the air, is, by the principle of the communica- 
tion -of heat, equal to 2'rXhvcU; we must therefore have at the surface the 

definite equation 'I'lie nature of these equations is explained 

at greats length, either in the articles which refer to the sphere, or in 
those wher^ the general equations have been given for a body of any form 
whatever. The function v which represents the movement of heat in 
an infinite cylinder must ther^ore satMy, Ist, Ihe general equation 

^ z applies whatever z and t inay be; 2nd, tlmdhfi- 


nite equat^n ^ 


> 0, which is true, whatever the variable ( may be, 


whenz^X; 3rd, the definite equation v^F{x). The last condition must be 
satisfied by all values of v, when t is made equal to 0, whatever the variable z 
may be. The arbitrary function Fix) is supposed to be known; it corresponds 
to the initial state. 
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SB<3Ti(3N' 'IV. SguaiimiB cf th^ UHifoim 
: ! ‘ m a SoUd Priim df Infinite Leng&i ‘ 

121. A prismatic bar is immersed at one extremity in a oonstai^t source of heat 
which maintain^ that extremity at the temperature A ; the rest, of the bar, 
who^ lehgth is infinite, continues to be exposed' to a uniform current of at- 
mospheric. air maintained at temperature 0; it ia required to deteizrane the 
hipest ten^)«ature which a ^ven point of the bar can acquire.. , 

The problem differs from that of Article 73, since we now take into ccmader- 
aiion all the dimenaons of the solid, which is necessary in order to obtain an 
exact solution. 

We are led, indeed, to suppose that in a bar of very small thickness all points 
of the same section would acquire sensibly equal temperatures; but some im- 
certainty may rest on the results of this hypothesis. It is therefore preferable 
to solve the problem rigorously, and. then to examine, by analysis, up to what 
point, and in what cases,' we are justified in considering the temperatures of 
different points of the same section. to be equal. 

122. The section made at right angles to the length of the bar, is a square 
whose side is 21, the axis of the bar is the axis of x, and the origjn is at the 
extremity A. The three rectangular co-ordinates. of a point of the bar are z, 
y, z, and v denotes the fixed temperature at the same point. 

The problem condsts in determining the 'temperatures which must be 
assigned to different points of the bar, in order that they may continue to 
exist without any change, so long as the extreme surface A, which communi- 
cates with the source of heat,, remains subject, at all its points, to the perma- 
nent temperature A; thus v is a fimction of x, y, and z. 

. 123. Consider the mo-vement of heat in a prismatic molecule, endosed 
between six idanes perpmdicular to the three axes of x, y, and z. The first 
three planes pass throuj^ the point m whose co-ordinates are x, y, z, and tho 
otlmrs pass through the point m' whose co-ordinates are.x+dx, y+dy, z+dz. 
To ^d what quantity of heat enters the molecule during unit of time across 
the first plane passing through the point m and perpendicular to x, we must 
imnember that the extent of the surface of the molecule on thb jdane hdydz, 
and that the flow across this area is, according to the theorem of Article 98, 

equal to —K ^ ; thus the mqlecule receives across the rectangle dy dz passu^ 

through the point m a quantity of heat expressed hy -^K dy dz^. To find the 

quantity of heat' which otosses the oppotite face, and . escapes horn the 
molecule, we must substitute, in the preceding expression, x+dx for x, or, 
which is 'the same thing, ' add to this expresdon its differmtial taken with 
respect to x only; whence we conclude that the molecule loses, at its second 
face perpen<ficular to x, a quantity of heat equal to' 

-Kd^^ -Kdydzdi^:, 

we must thttefore subtract tiw frooi that which mters at the oppomte face; 
^ ^ffomicee xd these two quahtities is 
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this expranes the quantify of heat accumulated in tile molecule in ^cmsequence 
of ti>e propagation in direction of x; which accumulated heat would make the 
temperature of the molecule vary, if it were not balanced by that which is lost 
in some other direction. 


It is found in the same manner that a quantity of heat equal to —K dzdx-^ 

Alters the molecule across the plane passing through the point m perpendicular 
to y, and that the quantity which escapes at the opposite face is 


-Kdzdx^-Kdzdxd^^ , 


the last differential being taken with respect to y only. Hence the difference of 

the two quantities, or Kdxdydz ^ , expresses the qruintity of heat which i^e 

molecule acquires, in consequence of the propagation in direction of y. 

Lastly, it is proved in the same manner that the molecule acquires, in coru^ 
quence of the propagation in direction of z, a quantity of heat equal to 

Kdxdydz-^. Now, in order that there may be no change of temperature, it is 


necessary for the molecule to retain as much heat as it contained at first, so 
that the heat it acquires in one direction must balance that which it loses in 
another. Hence the sum of the three quantities of heat acquired must be 
notiung; thus we form the equation 


dPv . ^ _ _ 

5^ dy* dz» “ 


124. It remains now to express the conditions relative to the surface. If we 
suppose the point m to belong to one of the faces of the prismatic bar, and the 
face to be perpendicular to z, we see that the rectangle dxdy, during unit of 
time, permits a quantity of heat equal to F A da; dy to escape into the air, V 
denoting the temperature of the point m of the surface, namely what ^ (x, y, z) 
the function sought becomes when z is made equal to I, half the dimension of 
the prism. On the other hand, the quantity of heat which, by virtue of the 
action of the molecules, during unit of time, traverses an infinitdy small 

surface a, situated within the prism, perpendicular to z, is equal to —Ka ^ , 

according to the theorems quoted above. This expression is general, and ap* 
plying it to points for which the co-ordinate z has its complete value I, we 
conclude from it that the quantity of heat which traverse the rectangle dx dy 

ta ke n at the surface is —K dxdy^, giving to z in the function ^ its complete 


value 1 . Hence the two quantities —K dxdy^, and hdxdyv, must be equal, 

in order that the action of the molecules may agree with that of the medium. 

This equality must also exist when we jpve to z in the fimctions ^ and v the 

Value —2, which it has at the face oppotite to that first considered. Further, 
the quantity of heat which crosses an infinitely small surface u, perpendicular 

to tire axis of y, bdng —Kta ^ , it follows that that which flows across a 
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do' 

rectangle cbdx taken on a face of the prism perpendicular to via ^Kdzdx^ 

dv *** 

giving to y in the function ^ its complete value {. Now this rectan^ tb dx 

permits a quantity of heat expressed by hvdz dz to escape into the air; the 

equation hv^ —K ^ becomes therefore necessary, when y is made equal to 1 or 

— Z in the functions v and ^ . 

125. The value of the function v must by hypothesis be equal to A, when we 
suppose x=0, whatever be the values of y and z. Thus the required function v 
b determined by the following conditions: 1st, for all values of x, y, z, it satis- 
fies the general equation 

1 ^ 4. A 

dx* dy* dz* “ 

2nd, it satisfies the equation ^ ^ when y is equal to Z or — Z, whatever 

X and z may be, or satisfies the eqiiation ^ v-|- ^ *=0, when z is equal to Z or 

— Z, whatever x and y may be; 3rd, it satisfies the equation v^A, when xa:0 
whatever y and z may be. 


SECTION V. Eqitations of the Varied Movement of Heat in a Solid Cube 

126. A solid in the form of a cube, all of whose points have acquired the same 
temperature, is placed in a uniform current of atmospheric air, maintained at 
temperature 0. It is required to determine the successive states of the body 
during the whole time of the cooling. 

The centre of the cube b taken as the ori^ of rectangular coordinates; the 
three perpendiculars dropped from this point on the faces, are the axes of x, 
y, and z; 2Z b the side of the cube, t; b the temperature to which a point whose 
coordinates are x, y, z, b lowered after the time t has ebpsed rince the qpm- 
mencement of the cooling: the problem conrists in determining the function v, 
which depends on x, y, z and t. 

127. To form the general equation which v must satisfy, we must ascertain 
what change of temperatiue an infinitely small portion of the solid must 
experience during the instant dt, by virtue of the action of the molecules 
which are extremdy near to it. We conrid^ then a prismatic molecule enclosed 
between six planes at right angles; the first three pass through the point m, 
whose co-ordinates axe x, y, x, and the three others, throu^ the point m% 
whose co-onfinates are 

z+dx, y+dy, x+dz. 

The quantity of heat which during the instant dt passes into the molecule 

across the first rectangle dy dx perpendicular to x, b —K dydz^dt, and that 

which escapes in the same time from the molecule, through the opp(«^ 
face, b found by writing x+dx in place of x in the preceding expressum, it b 
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taken with resp^ only. The quantily aS h^;^ 
whidh doling ttie instant d^ ^ti^ the’ molecule, across the first rectah^d 

dadr ptirpendieular to -the iuds^. y,bi ^Kdtdx^dtf and liiat whicheac^ite 

from the molecide during -the same instant, by the oppoate face, is 


-Kdz dx^ dt-Kdzdxd dt, 

the differential being taken with respect to y only. The quantity of heat -which 
the molecule remves dining the instant- df, through its lower face, peipendicu- 

lar to the axis of z, is —Kdxdy^dt, and that which it loses through the 

oppoate face is < - < • . j 

-Kdxdy^dt-Kdxdyd dt, 

the differential being taken with respect to z only. \ 

The sum of all the quantities of heat which escape from the molecule mui^ 
now be deducted from the sum of the quantities which it receives, and the 
difference is that which determines its increase of -temperature during the 
instant: this difference is 


Kdydzd 


(i) 


dt+K dzdxd dt+K dx dy d dt, 


or 






' 128. If the quantity whi^ has just been foimd be di-vided by that whidi is 
necessary to raise the molecule from the temperature 0 to the temperature 1, 
tin increase of temperature wihlch is effected during the instant dt become 
known. Now, the latter quantity is CD dx dydz: for C denotes the capacity of 
the substance for heat; Z> its density, and dxdydz the volume of the molecule. 
Thc^ovement of heat in the interior of the solid is therefore expressed by the 
equation 


dv __ / d*t> , d^ , 

Jt ~ CD\d3^^ dy*'^ 


id). 


129. Itrenuuns to form the equations which relate to the state of the surface, 
tihioh presmts no difficulty, in accordance with the principles which we have 
established. In fact, the quantity of heat which, during the instant dt, crosses 

-the rectan^e dzdy, traced on a plane perpendicular to a;, u —Kdydz^dt. 

This result, which applies to all points of the solid, ought to hold when the 
value of X is equal to I, half the tiu(±ness.of the prism. In this case, the reotan- 
giedp dz being eituat^ at the surface, the quantity of heat which crosses it, 
ahd is dispersed into the air during the instant dt, is e3q>re£Bed' by hv dy dz dt, we 

0|q^t ihetdfc^ to have, when x^l, the equation condition 

must also be satisfied whw 

It wiU be found also thati the quantity of heat which crosses the rectangle 
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Sizdx atuated on a plaae perpendicular to the axk o£ p being in genwal 
—Kdzdx^, and that which escapes at the suifaioe into tiie air across the 

san^ reotan^e being hvdzdxdt, we must have the equation aO, 

oy • 

when y=*l or — Z. Lastly, we obtain in like manner the definite equation 

t.+K:g-o, 


which is satisfied when saZ or —Z. 

130. The function sought, which expresses the varied movement of heat in 
the interior of a solid of cubic form, must therefore be determined by the 
following conditions: 

1st. It satisfies the general equation 


dv _ K (dPv ,(Pv d*v\ 

dt C‘D\d3^ dy* dz^J ’ 

2nd. It satisfies the three definite equations 


to+jc| - 0, to+jc| - 0, Iw+K^ . 0, 

which hold when ±Z, ya ±Z, z— ±Z; 

8rd. If in the function v which contains x, y, z, t, we make ZaQ, whatevCT be 
the values of x, y, and z, we ought to have, according to hypothetis, va^, 
which is the initial and common value of the temperature. 

131. The equation arrived at in the preceding problem represents tiie move- 
ment of heat in the interior of all soUds. Whatever, in fact, the form of the 
body may be, it is evident that, by decomposing it into prismatic molecules, 
we shall obtain this result. We may therefore limit ourselves to ifemonstrating 
in this manner the equation of the propagation of heat. But in order to make 
the exhibition of principles more complete, and that we may collect into a 
small number of consecutive articles the theormus which serve to establish the 
general equation of the propagation of heat in the interior of solids, and the 
equations which relate to the state of the surface, we shall proceed, in the t^ 
following sections, to the investigation of these equations, independently of 
any particular problem, and without reverting to the demaitary propoatioos 
which we have explain^ in the introduction. 


SECTION VI. Opnercd egucdion of the Propagation of Heat 
in the Interior cf 8oUda 

132. Thbobbm I. Jf the different pointe of a Jumogeneoue eolid mass, endosed 
behoe&t six planes at right angles, have aetual temperatams determined by the 
Unear equation ' 

>-4-a«-6y-c8,'-* , (o), 

and if the molecvdes sitrudedattheexternrUaurfaeeonthesixjdaneswkieh betmd 
the prism are maintained, 6y any case whatever, at the temperature ca^presMd hy 
Hie eyuoZtVm {a)x aU the molecules' situated in the interior of the mass WM ef 
themedees retain their Od/aal temperatures, so- that there unZZ be no change in the 
atm of the prism. ... ' 
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. V dmotes the actual temperature of the point whiose co-ordinates are z, y, z; 
A, a, b, e, are constant coefficients. 

To prove this proposition, consider in the solid any three points whatever 
mM/i, ratuated on the same straight line mu, which the point M divides into 
two equal parts; denote by x, y, z the co-ordinates of the point M, and its 
temperature by v, the co-ordinates of the point n by x-|-a, y+/J, z+y, and its 
temperature by w, the co-ordinates of the point m by x—a, y—fi, z—y, and 
its temperature by u, we shall have 

v—A—ax—by—cz, 

w=A—a(x+a)—b(y+0)—c(z+y), 

u=A—a(x—a)—b(y—fi)—c(z—y), 

whence we conclude that, 

v—w=aa+bfi+cy, and u— »=oa-|-6j3+CY; 
therefore v—w=u—v. 

Now the quantity of heat which one point receives from another depends \m 
the distance between the two points and on the difference of their tempeiV- 
tures. Hence the action of the point M on the point i* is equal to the action of 
m on M; thus the point M receives as much heat from m as it gives up to the 
point (i. 

We obtain the same result, whatever be the direction and magnitude of the 
line which passes through the point M, and is divided into two equal jmrts. 
Hence it is impos»ble for this point to change its temperature, for it receives 
from all parts as much heat as it gives up. 

The same reasoning applies to all other points; hence no change can happen 
in the state of the solid. 

133. CoBOiXART I. A solid being enclosed between two infinite parallel 
planes A and B, if the actual temperature of its different points is supposed to 
be expressed by the equation v=l —z, and the two planes which bound it are 
maintmned by any cause whatever, A at the temperature 1, and B at the 
temperatiue 0; this particular case will then be included in the preceding 
theorem, if we make A »= 1, a=0, 6=0, c= 1. 

134. CoBOLiiART II. If in the interior of the same solid we ima^e a plane 
M parallel to those which bound it, we see that a certain quantity of heat fiows 
across this plane during unit of time; for two very near points, such as m and n, 
one of which is below the plane and the other above it, are unequally heated; 
the first, whose temperature is highest, must therefore send to the second, 
during each instant, a certain quantity of heat which, in some cases, may be 
very small, and even insendble, according to the nature of the body and the 
distance of the two molecules. 

The same is true for any two othesr points whatever separated by the plane. 
That which is most heated sends to the other a certain quantity of heat, and 
the sum of these partial actions, or of all the quantities of heat sent across the 
plane, composes a continual flow whose value does not change, since all the 
mole^es preserve their tonperatures. It is easy to i»rove iAat this flow, or the 
guemtUy of heat which crosses the plane M during the unit of time, is equivalent 
to that which crosses, during Oie same time, another plane N jmrdOel to the flrst. 
In fact, the part of the mass which is enclosed between the two surfaces M and 
N will receive continuaUy, across the plane M, as much heat as it loses across 
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the {done N. If the quantify of heat, which in pasaing tilie {dane M oatars the 
part of the mass which is conadered, were not equal to that which escapes by 
tile oppoate surface N, the solid enclosed between the two surfaces would acquire 
fresh heat, or would lose a part of that which it has, and its temperatures would 
not be constant; which is contrary to the preceding corollary. 

135. The measure of the specific condudbility of a given substance is taken 
to be the quantity of heat which, in an infinite solid, formed of this substance, 
and enclosed between two parallel planes, flows during unit of time across unit 
of surface, taken on any intermediate plane whatever, parallel to the external 
planes, the distance between which is equal to unit of length, one of them 
being maintained at temperature 1, and the other at temperature 0. This 
constant flow of the heat which crosses the whole extent of the prism is denoted 
by the coefficient K, and is the measure of the conductivity. 

136. Lemma. If toe suppose aU the temperatures of the solid in question under 
the preceding article, to be multiplied by any number whatever g, so that the eguur 
tion of temperatures is v,— g—gz, instead of being »= 1— a, and if the two external 
planes are maintained, one at the temperature g, and the other at temperature 0, 
the constant flow of heat, in this secorid hypothesis, or the quantity which during 
unit of time crosses unit of surface taken on an intermediate plane parallel to t^ 
bases, is equal to the product of the first flow multiplied by g. 

In fact, dnce all the temperatures have been increased in the ratio of 1 to g, 
the differences of the temperatures of any two points whatever m and p, are 
increased in the same ratio. Hence, according to the principle of the communi- 
cation of heat, in order to ascertain the quantity of heat which m sends to p 
on the second hypothesis, we must multiply by g the quantity which the same 
point m sends to on the first hypothesis. The same would be true for any two 
other points whatever. Now, the quantity of heat which crosses a plane M 
results from the sum of all the actions which the points m, m', m", m'", etc., 
situated on the same side of the plane, exert on the points p, p', p*', p"', etc., 
ratuated on the other tide. Hence, if in the first hypothetic the constwt flow is 
denoted by K, it will be equal to gK, when we have multiplied all the tem- 
peratures by g. 

137. Theorem II. In a prism whose con^nt temperatures are express^ by 
the equation v = A— ax— by— cz, and which is bounded by six planes at right 
angles aU of whose points are maintained at constant temperatures determine by 
the preceding equation, the quantity of heat which, during unit of time, crosses 
unit of surface taken on any intermediate plane whatever perpendicular to z, is the 
same as the constant flow in a solid of the same substance would be, if enclosed 
between two infinite parallel planes, and for which the equation of constant tem- 
peratures is v^c—cz. 

To prove this, let us consider in the prism, and also in the infinite solid, two 
extremely near points m and p, separated by the plane M perp^dicular to the 
axis of a; p being above the plane, and m btiow it (see Fig. 4), and below the 
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same {diom let ue take a pomt m' aueii that tiie perpeadiouto dropped from tiie 
ptdat ji on. {daae may also be peipeodicular to the distaace mm' at its 
middle pwnt h'. Deaote by s, y, z+h; ibe eoK>rdmates of the point pi, whose 
temperature is w, by x—a, y—0, z, the co-ordinates of m, whose tempotature 
is V, and by x+a, y+fi, z, the co-ordinates of m', whose temperature is p'. 

' The action of m on m> or the quantity of heat wiiich m sends to n during a 
certain time, may be repressed by q{v—w). The factor g depends on tiie dis- 
tance m/i, and <m tire nature of the mass. The action of m' on ju will therefore 
be^expressed by gitZ—w); and the factor q is the same as in the preceding 
expresaon; hence the sum of the two actions of m on it, and of m' on /u, or the 
quantity of heat which n receives from m and from m', is expressed by’ 

q(jo-w+v'-w ). . 

Now> if the points m, it, m' belong to the prism, we have 

V)’^A—ax—by—c(z+h), v=A—a{x—a)—b(y-~fi)‘-ez, 
and v'=A—a(x+a)—b(y+ff)—ez; 

and if the same points belonged to an infinite solid, we should have, ^y 
hypothecs, 

«>==c— c(«+A), es=c— «?, and »'»c— cs. 

In the first case, we fiind 

q(v—w+v'—w)—2gtA, 

and, in the second case, we still have the same result. Hence the quantity of 
heat which it receives from m and from m' on the first hypotheas, when the 
equation of constant temperatures is v^A—ax—by—cz, is equivalent to the 
quantity of heat which it receives from m and from m' when the equation of con- 
stant temperatures is v^c—cz. 

The same conclusion might be drawn with respect to any three other pomts 
whatever m', it', m", provided that the second it' be placed at equal distances 
frcHu the other two, and the altitude of the isosceles triangle m'n' m" be parallel 
to z. Now, the quantity of heat which crosses any plane whatever M, results 
from the sum of the actions which all the points m, m', m", m'" etc., situated 
on (me side of this jdane, exert on all the points it, it', it", y"', etc., situated on 
the other side: hence the constant flow, which, during unit of time, crosses a 
definite part of the plane M in the inWte solid, is equal to the quantity of 
heat whi(^ flows in tire same time across the same portiorr of the plane M in 
ike prism, allOf whose temperature are expressed by the equation 

■ V’>‘A—ax—fyy—ez. 

138. CoROUCiABy. The flow has the value cK in the infinite solid, when the 
part of the pl^e which it crosses has unit of surface. In &be prim also it has 

this same value or —K ^ . It is proved in the same maimer, that the constant 

flow ibhich tskea place, during unit of time, in the same prism across unit of 
surf ewe, on any plane whatever perpendicular toy, is equal to 

bK or 

dy' 

and that wfUeh crosses a plane perpendicular to x has the value 

oK or 

ax 
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139. 11x6 pnHMiriiiimB proved isl^piseeds^giartielesiapply 

aleo to the case m 'whloh .the instantaBeoaa action of a moletmle is exeit^ in: 
the'mterior of the mass up' to. an appreciate distanoe.. -Xn this case, vie miist. 
suppose that the cause which maintains theextomal layers of the b^y .in 
state expressed by the linear equation, affects the mass up to a finite depth. 
All observation concurs to prove that in solids and liquids the disttilce in 
question is extremely small. 

1^. Thsobqcm HI: If the temperatures at the points of a solid are mcpressed 
by the equation v ^f(x, y, z, t), in which x, y, z are tixe eo-ordinates of a mele>- 
cule whose temperature is equal to v after the lapse of a time t; the flow of heat 
which crosses part of a plane traced in the solid, perpendicular to one of the 
three axes, is no loiter ccnistant; its value is different for different parts of the. 
plane, and it vafies also with the time. This variable quantity may be deteiv 
mined by analj^is. 

Let w be an infinitely small circle whose centre coincides with the point m 
of the solid, and whose plane is perpendicular to the vertical co-ordinate z; 
during the instant dt there will flow across this circle a certain quantity of heat 
which will pass from the part of the circle below the plane of the solid into the 
upper part. This flow is composed of all the rays of heat which depart from a 
lower point and arrive at an upper point, by crossing a point of the small 
surface u>. We proceed to shew that the expression of the value of the flow is 

-K^adt. 

dz 

Let us denote by y', 2 ' the co-ordinates of the point m whose temperature 
is v'; and suppose all the other molecules to be referred to this point m chosen 
as the origin of new axes parallel to the former axes: let y, be the three 
co-ordinates of a point referred to the origin m; in order to express the actual 
temperature w of a molecule infinitely near to m, we shall have the linear 
equation 

/ , ..dv* dt/ , .dt/ 

Tile coefficients v', ^ dv . dv 


dz 


dx ’ dy ’ dz values which arq, found by Sub- 

stituting in the functions ^ ^ ^ variables.*, y, 2 , the cpn^t^t 

quantities a/, y\ 2 ', whi(^ measure the distances of the point m from fhe first 
three axes of s, y, and 2 . . . 

Suppose now.that the point m isialso an internal molecule of & rectangul a r 
{Hism, endoeed .between ox planes perpendicrrlar to the three axes whose 
origin is m; that w the actual temp«*atuFe of each molecide of this prism, 
whose dimensions are finite, is expressed by the linear equation io=A+’a^ 
+l>n+<<r> and that the tix faces which bound the prism are maintained at the 
^ed temperatures which the last equation asEOgps to thma. The state of the 
internal molecules will also be permanent, and a quantity of heat measured by 
the exqxrosaoh Jktw during the mstahtdl across tire cirdeu. ' 

llxis mranged, if we take as the values of the constants A, a, b, e,'tixe qtiaqus 

tities r', ^ f ^ , tiblo fixed ^te of, tire will be dc|»reB!^' By 
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Thus the molecules infinitely near to the pcnnt m will have, during the 
instant dt, the same actual temperature in the solid whose state is vatiaUe, 
and in the prism whose state is constant. Hence the flow which exists at the 
point m, doting the instant dt, across the infinitdy small circle a, is the same 

in either solid; it is therefore expressed W 


From this we derive the following proposition 

If in a solid whose internal temperatures vary with, the time, by virtue of the 
action of the molecules, vx trace any straight line whatever, and erect (see Fig. 5), 
at the different points of this line, the ordinates pm of a plane curve equal to the 
temperatures of these points taken at the same moment; the flow of heat, at each 
point p of the straight line, tviU he proportional to the tangent of the angle a which 
tile tiement of the curve makes with the parallel td'the absdssce', that is to ray, if 
at the point p we place the centre of an infinitely small circle w perpendicular 



to the line, the quantity of heat which has flowed during the instant dt, 
across this circle, in the direction in which the abscissse op increase, will be 
measured by the product of four factors, which are, the tangent of the angle a, 
a constant coefficient K, the area co of the circle, and the duration cU of the 
instant. 

141. CoROLLABT. If we represent by « the abscissa of tins curve or the dis- 
tance of a point p of the straight line from a fixed point o, and by v the ordinate 
which represents the temperature of the point p, v will vary with the distance 6 
and will be a certain function /(c) of that distance; the quantity of heat which 
would flow across the circle <■>, placed at the point p perpendicular to the line, 

willbe-ii:^to(ft,or 

-Kf(e)adt, 

denoting the function 1^ /'(«)• 

We may express this result in the following manner, which facilitates its 
a|>^cation. 

To obtain the actual flow of heat at a point pof a straight line drawn in a solid 
whose temperatures vary by action of the molecides, we must divide the difference 
of the temperatures at two points infinitely near to the point p by the dietamoe 
between th^ points. The flow is proportional to the quotient. 
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142. THBOitBM rv. From the preceding Theorrane it is easy to deilaoe tlie 
general equations of the i»opagation of heat. 

Suppose the different points of a homogeneous soUd of any form whateoer^ to 
have receive initial temperatures tohiiA vary successivdy by the effect of the mutual 
action of the molecules, and suppose the equation v^f{x, y, e, t) to represent the 
successive states of the solid, it may now he shewn that v a function of four vari- 
ables necessarily satisfies the equation 

^ ^ _L ^ J. <Pt>\ 

dt ~ CD Vd®* di/* dzy 

In fact, let us condder the movement of heat in a molecule enclosed between 
rax planes at right angles to the axes of x, y,.and 2 ; the first three of these 
planes pass through the point m whose coordinates are x, y, z, the other three 
pass through the point m*, whose coordinates are ®+d®, y+dy, z-\-dz. 

During the instant dt, the molecule receives, across the lower rectangle dxdy, 

which passes through the point m, a quantity of heat equal to —Kdxdy^dt. 

To obtain the quantity which escapes from the molecule by the opposite face, 
it is sufficient to change 2 into z+d 2 in the preceding expression, t^t is to say, 
to add to this expression its own differential taken with respect to z only; we 
then have 

. 4 ^) 

-Kdxdy^dt-Kdxdy-^dzdt 


as the value of the quantity which escapes across the upper rectangle. The 
same molecule receives also across the first rectan^e dzdx which passes 

through the point m, a quantity of heat equal to —K ^dzdxdt-, and if we add 

to this expression its own differential takrai with respect to y only, we find that 
the quantity which escapes across the opposite face dzdxia expressed by 


-K 


dv 

dy 


dzdxcU—K 



dydzdxdt. 


Lastly, the molecule recraves through tiie first rectwgle dy dz a quantity of 
heat equal to —K^dydzdt, and that which it loses across the opporate 
lectan^e which passes through m' is expressed by 

4 -) 

—K^dydzdt—K ^^-dxdydzdt. 

We must now take tilie sum of the quantities of heat which the molecule 
reoraves raad subtract from it the sum of those which it loses. Hence it appears 
that during the instant dt, a total quantity of heat equal to 

aoeuinulates in the interior of the molecule. It remaina only to obtria the 
inrarease'of tranperature which must result from this addition heat. 
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DhtiugAiM of lie solid; orthe weight ofunit of iroliiBie,) and Cl tie 

Sipeeific oi^Hunty, oi ^ quantity of heat whidi laises the tuit' of; weight fraqa 
^he teaaperattne P to the temperature 1-; the product CD dx dff dz eacpresaes the 
qtmntity of heat requived to raise from 0 to 1 the molecule whose vcdume is 
dsdy dz. Hence dividing by this product the quantity of heat wtddi the mole* 
cole has just acquired, we shall have its increase, of temperature. Thus we 
obtain the gener^ equation 

dv K /d*» , dH . d^v\ ,..v 
dt~ CD Vd®* di/* dz») ' * ' 

whh^ ia the equation of ,the propagation of heat in the interior of all solid bodies. 
; 1^., jndqE^endmtiy of this equation the ^tem of temperature is pft^ 
subject to several definite conditions, of which bo general expression cah be 
given, since they depend on the nature of the problem. 

If the dimensions of the nuiss in which heat is propagated are finite, add if 
the surface is maintained by some special cause in a given state; for example, 
if all its points retain, by virtue of that cause, the constant temperature 0, We 
shall have, denoting the unknown function v by 4> {x, y, z, t), the equatiomof 
condition y,z,t)=0; which must be satisfied by all values of x, y, z which 
belong to points of the external surface, whatever be the value of t. Further, if 
we suppose the initial temperatures of the body to be expressed by the known 
function F(x, y, z), we have also the equation <#>(x, y, z, 0)—F(x, y, z); the 
condition expressed by this equation must be fulfilled by all values of the 
co-ordinates x, y, z which belong to any point whatever of the solid. 

144. Instead of submitting the surface of the body to a constant tempera- 
ture, we may suppose the temperature not to be the same at different points 
of the surface, and that it varies with the tune according to a given law; which 
is what takes place in the problem of terrestrial temperature. In this case the 
^nation relative to the surface contains the variable t. 

> 145. In order to examine by itself, and from a very general point of view, 
the probl^ of the propagation of heat, the solid whose initial state is given 
must be supposed to have all its dimensions infinite; no special condition 
disturbs then the diffution of heat^ and the law to which this principle is 
submitted becomes more manifest; it is expressed by the general equation 

— — a. ^ a. 

dt ~ CD \dx* dj/* dz*) ’ 

to which must be added that which relates to the initial arbitrary state of the scdidi 

Suppose the initial temperature of a molecule, whose co-ordinates are x, y, z, 
to be a known function F(x, y, z), and denote the unknown value v by 
^(x, y, s, <)> we shall have the definite equation ^(x, y, z, 0) =F(x, y, z); thus 
the problem is reduced to the intention of the general equation (A) in such a 
manner that it may agree, when the tame is zero, with the equation which 
contains the arbitrary function F. 

SECTION YII. General Equation BdaHae to the Surface > 

146. If the solid has a derate foim, and if its ori^nal heat is dispersed grad- 
u^y into atinoiq>heiic air maintahied at a constant temperature, a tiihd 
ddndition relative to the state of the’ surface must be added to tiae goaorai 
equatimi ’ (A) and to tiiat which rejnresents the initial state. > 
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We proceed to ocamwe, in toe followmg articles, the nature of the equalij^ 
winch expresses this third cdhdiiioh. 

Consider toe variable state of a solid whose heat is dispersed into air, mun- 
tained at the fixed temp^ature 0. Let <» be an infinity small part of 'the 
external surface, and m a point of to, through which a normal to the surface is 
drawn; different points of this line have at the same instant different t^pi^ar 
tuxes. 

Let V be the actual temperaiure of toe x>oiht jtt, taken at a definite instant, 
and w toe corresponding tempOrature of a point v of the solid taken on the 
normal, and distant from /u by an infinitely small quantity a. Denote by x, y, 
z the co-ordinates of the point ju, and those of the point v by x+Sx, y+Sy, 
z+Sz; let /(x, y, z) be the known equation to toe surface of the solid, and 
v=-4>(x, y, z, t) the general equation which ou^t to ^ve the value of s as a 
function of the four variables x, y,.z, t. Differentiating toe equation /(x, y, z) 
=0, we shall have 

' mdx+ndy+pdz—0; 
m, n, p being functions of x, y, z. 

It follows from the corollary enunciated in Article 141, that the flow in 
direction of the normal, or the quantity of heat which during the instant dt 
would cross the surface a, if it were placed at any point whatever of this line, 
at right angles to its direction, is proportional to the quotient which is obtained 
by dividing the difference of temperature of two points infinitely near by toto: 
distance. H^ce the expression for the flow at the end of the normal is 

—K cMi; 

a 

K denoting toe specific conducibility the mass. On toe other hand, the sur- 
face a permits a quantity of heat to escape into, the air, during the time dt, 
equal to Aacodt; h being toe conductivity relative to atmospheric air. Ihus the 
flow of heat at toe end of toe normal has two different expr^aons, that is to 
say: 

hvadt and -K — — - weft; 

a 

hence these two quantities are equal; and it is by the expression of this equal- 
ity that toe conefition relative to the surface is introduced into the antdysis. 

147. We have 

= —te. 

Now it follows from the principle of geometry, that the co-ordinates Sx, Sy, 
Sz, which fix toe position of the point v of the normal relative to the point ji 
satisfy toe following conditions: 

pdx=‘mSz, 

We have toer^ore 

we have also 

'ir 
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or 




2 

P 


Sz, denoting by g the quantity (m*+»*+p*)*, 


hence 

consequently the equation 

becomes the following: 


“ = 57. +P 


dx ' dy 


1 

dz)V 


hvtj)dt‘ 




adi 


dv , dV , dv , h n /r>\ 

^ dx ^ dy dz ^ ^ ^ 

This equation is definite and applies only to' ^ints at the surface; it is that 
which must be added to the general equation of the propagation of heat (A), 
and to the condition which determines the initial state of the solid; m, n,\p, q, 
are known functions of the co-ordinates of the points on the surface. \ 

148. The equation (B) signifies in general that the decrease of the tempera- 
ture, in the direction of the normal, at the boundary of the solid, is such wat 
the quantity of heat which tends to escape by virtue of the action of the mole- 
cules, is equivalent always to that which the body must lose in the medium. 

The mass of the solid might be imagined to be prolonged, in such a manner 
that the surface, instead of being exposed to the air, belonged at the same time 
to the body which it bounds, and to the mass of a solid envelope which con- 
tained it. If, on this hypothec, any cause whatever regulated at every instant 
the decrease of the temperatures in the solid envelope, and determined it 'in 
such a manner that the condition expressed by the equation (B) was always 
satisfied, the action of the envelope would take the place of that of the air, and 
the movement of heat would be the same in either case: we can suppose then 
that this cause exists, and determine on this hypothesis the variable state of 
the solid; which is wluit is done in the employment of the two equations (A) 
and (B). 

By this it is seen how the interruption of the mass and the action of the 
medium* disturb the diffusion of heat by submitting it to an accidental condi- 
tion. 

149. We may also conmder the equation (B), which relates to the state of the 
surface, under another point of view: but we must first derive a remarkable 
consequence from Theorem III. (Art. 140). We retain the construction re- 
ferred to in the corollary of the same theorem (Art. 141). Let x, y, zhe the 
co-ordinates of the point p, and 

x-\~Sz, y-\-Sy, z-\-Sz ~ 


those of a point g infinitely near to p, and taken on the straight line in ques- 
tion: if we denote by v and w the temperatures of the two points p and g taken 
at the same instant, we have 


. , 1 dv , , dv , ,dv, 

u,=vH-«v- v-f ^ ^ ^ 5s; 

hence the quoti«it 


to 

5e 


dv Sx . dv dy , dv iz , , 
j- 7“ + j“ T*i and 5«> 

dx St dy St dz St* 


‘V^5»*-|-5y*-h5«* ; 
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<if Iteat aetoas the’inizfaioe w atthe^pciint 

pierpezuficular to tlxe straigjit line, is ' 




^ to , ^ , 

dx ie dy 5« 


^ toV 
ds 8cj' 


The first term is the product of —K ^ by *«id by » ^ . The latter quan- 


tity iSi according to the principles of geometry, the area of the projection of a 
on the plane of p and z; thus the product represents the quantity of heat which 
would flow across the area of the projection, if it were placed at the point p 
perpendicular to the axis of x. 


The second term 


■K^u^dt represents the quantity of heat which would 


cross the projection of a, made on the plane of x and z, if this projection were 
placed parallel to itself at the point p. 


Lastly, the third term — ^ df represimts the quantity of heat which 


would flow during the instant dt, across the projecticm of w on the iflane of x 
and y, if this projection were {flaced at the point p, perpendicular to the co- 
ordinate z. 

By this it is seen that the quantity of heat which flows across every infinitdy 
small part of a surface drawn in the interior of the solid, can always be decomposed 
into three other quantities of flow, which penetraie the three orthogonal projections 
of the surface, along the directions perpendicidar to the planes of the projections. 
The result gives rise to properties aneJogous to those which have been noticed 
in the theory of forces. 

150. The quantity of heat which flows across a plane surface w, infinitdy 
small, ^ven in form and position, being equivalent to that which would cross 
its three orthogonal projections, it follows that, if in the interior of the solid 
an element be imagined of any form whatever, the quantities of heat which 
pass into this polyhedron by its diflerent faces, compensate each other i^ipro- 
cally : or more exactly, the sum of the terms of the first order, which enter into 
the expresrion of the quantities of heat received by the molecule, is zero; so 
that the heat which is in fact accumulated in it, and makes its temp^ature 
vary, cannot be expressed except by terms infinitely smaller than those of the 
first ordrar. 

This result is distinctly seen when the genoal equation (A) has been estab- 
lished, by considering the movement of heat in a prismatic molecule (Artides 
127 and 142) ; the demonstration may be extended to a molecule of any form 
whatever, by substituting for the heat received through each face, that which 
its three projections would receive. 

In other respects it is necessary that this dioold be so: for, if one of the 
molecules of the solid acquired durii^ each instant a quantity of heat exinessed 
by a term of the first order, the variation of its temp^ture would be iodnitdy 
greater than that of other molecules, timt b to say, during each infinitely snudl 
instant its temperature would incroise or decrease by a finite quantity, which 
b contrary to experience. 

. I5L We pro(»eed tp apply tins remark to a ipfdetaile.aitiia^ at ti^ 
surface the solid. 
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Through a point a (see Fig. 6);, takcmoa the plane x and y,dsa.vf two pkae^ 
perpendicular, one to the axis of x the other to titie axis of y. Through a point b 
of the same plane, infinitely near to a, draw, two other planes parallel to the 
two preceding planes; the ordinates z, raised at the points a, b, c, d, up to the 

y\ 


d b 


a\ !c 


Fig. 6 

external surface of the solid, will mark on this surface four points a', b', A, df, 
and will be the edges of a truncated prism, whose base is the rectangle a&cd. If 
through the point a' which denotes the least elevated of the four points 
c', d\ a plane be drawn paralld to that of x and y, it will cut off from the trun- 
cated prism a molecule, one of whose faces, that is to say a'b'c'd', coincide 
with the surface of the solid. The values of the four ordinates ao', cc', dd', W 
are the following: 

<m' -z, 

ccf^z^^dx, 


<W'=«+ 



152. One of ths faces perpendicular to x is a triangle, and the opposite face 
is a trapezium. The area of the triangle is 

hdy^dy, 

and the flow of heat in the direction perpendicular to this surface being 
—K ^ we have, <Hnitting the factor dt 

_ dv , , dz j 

as the expression of the quantity of heat which in one instant passes, into the 
molecule, across the triangle in question. 

The area of the oppodte face is 

hnd the flow perpen(fibular to this face is also — X ^ , suppre^ng terms of the 
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second order infimtdy smaller liian those of the first; subtracting the quantity 
of heat which escapes by the second face from tiiat -s^ch entors by the first 
we find 


dx dx 


dxdy. 


This term expresses the quantity of heat the molecule reemves through the 
faces perpendicular to x. 

It will be found, by a sinular process, that the same molecule receives, 
through the faces perpendicular to y, a quantity of heat equal to K^^dxdy. 

The quantity of heat which the molecule receives through the rectangular 
base is —K^dxdy. Lastly, across the upper surface a'b'c'd', a certain quan- 
tity of heat is permitted to escape, equal to the product of ko into the extoat « 
of that surface. The value of a is, according to known principles, the same as 

that of dx dy multiplied by the ratio - ; e denoting the length of the normal 

z 

between the external surface and the plane of x and y, and 


\Tx) + W / ' 


hence the molecule loses across its surface a'h't^d' a quantity of heat equal to 

hvdxdy- . 
z 

Now, the terms of the first order which enter into the expression of the total 
quantity of heat acquired by the molecule, must cancel each other, in order 
that the variation of temperature may not be at each instant a finite quantity; 
we must then have the equation 


%d^dy-f^dxdy^ -hvldxdy^O, 


or 


A e _ ^ ^ ,dv dz 
z~ cbe dx~^ dy dy 


dz’ 


dz dz 

163. Substituting for ^ and ^ their values derived from the equation 

mdx+ndy+p<k = 0 , 

j 

and denoting by g the quantity 

(m*+n*+P*), 

we have 

^ ^ £) 

thus we know distinctly what is represented by each of the tenns of this 
equation. 

Taking them all with contrary signs and multiplying tiiem by dx dy, the first 
expresses how much heat the molecule receives through the two faces perpen- 
dicular to X, the second how much it rec^ves through its two faces perpen- 
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dirai^’to 1 ^, the third bow muoh it remves the fttoe pezpeaichcidai' to 

z, and the Icnurth.how modi it receives from the m^uda. The equa'don therer 
fore expresses that the sum of all the terms of the first order is sero, and that 
the heat acquired cannot be represented except by terms of the second order. 

154. To arrive at equation (B), we in fact consider one of the molecules 
whose base is in the surface of the solid, as a vessd which receives or loses heat 
through its differKit fabes. The equation ragnifies that all the terms of the first 
order which enter into the expression of the heat acquired cancel each other; 
so that the gain of heat cannot be expressed except by twms of the second 
order. We may give to the molecule the form, either of a right prism whose axis 
is normal to the surface of the solid, or that of a tnmcated prism, or any form 
whatever. 

The general equation (A), (Art. 142) supposes that all the terms of the /first 
order cancel each other in the interior of the mass, which is evident for pris- 
matic molecules enclosed in the solid. The equation (B), (Art. 147) exprepss 
the same result for molecules situated at the boimdaries of bodies. \ 

Such are the general points of view from which we may look at this part\ of 
the theory of heat. 

represents the movement of heat 

in the interior of bodies. It enables us to ascertain the distribution from instant 
to instant in all substances solid or liquid; from it we may derive the equation 
which belongs to each particular case. 

In the two following articles we shall make this application to the problem 
the cylinder, and to that of the sphere. 

SECTION Vni. Application of the GeneroA Equations 

155. Let us denote the variable radius of any cylindrical envelope by r, and 
suppose, as formerly, in Article 118, that all the molecules equally distant from 
the axis have at each instant a common temperature; v will be a function of r 
and <; r is a function of y, z, given by the equation It is evident in 

d^v 

the first place that the variation of v with respect to x is nul ; thus the term 

must be (unitted. We shall have then, according to the principles of the differ- 
ential calculus, the equations 

^ 

dy ~ dr dy ^ dy* ~ dr^ \dy) dr \dp*/ ’ 

^ A f?!? _ d*t> f drV ■ ^ ^ 

dz dr dz ^ dz* ~ dr* \dz/ ' dr \dz*) ’ 

whoice 

d*«» //drV , /drV\ , d» /ePr , ePr\ 

i. In the sectmd monber ail the equation, the quantities 
! dr dr d*r dt 


rrr. dv K /d*V , d*V , <Pv\ 

The equation j; + + 
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must be re]^oed by.tbeir respective vahieB; jfor vftddbi purpose we derive from 
the equation j/*+ai*»sr*, 

-'-I 

,-,|aDdl-(|)’+rg, 

and consequently 

{(!)’+ (I)’}. 

The first equation, whose first member is equal to r*, gives 



the second gives, when we substitute for 

(iy+(i)’ 

its value 1, 

dy^ dz* “ r 

If the values given by equations (b) and (c) be now substituted in (a), we 
have 

d*i; , ^ <Pv . 1 dv 
dt/^ dz» ~ dr* ? dr * 

Hence the equation which expresses the movement of heat in the cylinder, is 

* _ ^ , 1 M 

dt ~ CD \dr* r dr/ ' 
as was found formerly. Art. 119. 

We might also suppose that particles equally distant from the centre have 
not recdved a common initial temperature; in this case we should arrive at a 
much more general equation. 

156. To determine, by means of equation (A), the movement of heat in a 
^here which has been immersed in a liquid, we shall regard v as a function of 
r and t; r is a function of x, y, z, pven by the equation 

r*=®»4-y»+z*, 

r being the variable radius of an envelope. We have then 

dff dv dr j d*» d*i» / drV , dv d*r ' 

dz"^ dr dz ^ dat^ ** ^'\dx/ 7lr d^ ’ 

tie dv dr , d*» dHf /drX? , dw d*r , 

“ S; ^ ^ “ dr* V#/ dr 
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^ ^ j <iPv'_ d*v/dr\* , <Pr 

d* dr d* da* dr* Vd*/ da* * 

Making these substitutions in the equation 

— = — /d*t> . d*r ■ d*y 
d< C£> \d®* ■*■ dj/* da* 

we shall have 


dv K rd*p //dr\* , /drV /drY\ . dv (d^r . dPr , d*r\1 . . 

dt CD Ldr* \Vdx/ \dpj \dzj j dr (dx* dy* da*/J 

The equation x*+^+a* = r* gives the following results : 


x = r^ and 1- 
dx 


dr , , 
l/=r^and 1 = 

a=r^ and 1=* 
da 



The three equations of the first order give : 

{(£)V(|)V( 0 }. 

The three equations of the second order give: 

o /drV ■ /d»-V . /drV , fd*r , d*r , d*r 

^ VdxJ \dy) Vdaj \dx* "*■ dy* da* 

and substituting for 

(s)’+(|)’+(s) 

its value 1, we have 

d*r ^ ^ _ 2 

d^ dy* da* " r • 

Making these substitutions in the equation (a) we have the equation 

— — _L ? ^ 

d« “ CD ldr® r dr 

which is the same as that of Art. 114. 

The equation would contain a greater number of terms, if we supposed 
molecules equally distant from the centre not to have received the same initial 
temperature. 

We might also deduce from the definite equation (B), the equations which 
express the state of the surface in particular cases, in which we suppose solids 
of given form to cmmnunicate their heat to the atmospheric air; but in most 
caaeB these equations present themselves at once, and their form is very 
ample, when the co-ordbates are suitably chosen. 



Sect. IX THEORY OF HEAT S® 

SECnOK IX. General Remarke 

157. The investigation of the laws of movement of heat in solids now ormwidiH 
in the integration of the equations which we have 0(mstructed; this is the 
object of the following chapters. We conclude this chapter with general re- 
marks on the nature of the quantities which enter into our analjrsiB. 

In order to measure these quantities and express them numericaUy, th^ 
must be compared with different kinds of units, five in number, namely, the 
imit of length, the unit of time, that of temperature, ^at of Mrei^t, and finally 
the unit which serves to measure quantities of heat. For the last unit, we might 
have chosen the quantity of heat which raises a given v<dume of a certain 
substance from the temperature 0 to the temperature 1. The chmce of this 
unit would have been preferable in many respects to tiiat of the quantity of 
heat required to convert a mass of ice of a given w^ght, into an equal mass of 
water at 0, without raising its temperature. We have adopted the last umt 
only because it had been in a manner fixed befordiand m several worics on 
physics; berades this supposition would introduce no change into the results of 
analysis. 

15S. The specific elements which in every body determine the measurable 
effects of heat are three in number, namely, the conductivity proper to the 
body, the conductivity relative to the atmospheric air, and the capacity for 
heat. The numbers which express these quantities are, like the specifie 
gravity, so many natural characters proper to different substances. 

We have already remarked, Art. 36, that the conductivity of the surface 
would be measured in a more exact manner, if we had sufficient observations 
on the effects of radiant heat in spaces deprived of air. 

It may be seen, as has been mentioned in the first section of Chapter I, Art. 
11, that only three specific coefficients, K, h, C, enter into the investigation; 
they must be determined by observation; and we shall point out in the sequel 
the experiments adapted to make them known with precision. 

159. The number C which enters into the analytis, is always multiplied by 
the dentity D, that is to say, by the number of units of wdght which are equiv- 
alent to the weight of umt of volume; thus the product CD may be replaced by 
the coefficient c. In this case we must understand by the specific capacity for 
heat, the quantity required to raise from temperature 0 to temperature 1 unit 
of volume of a given substance, and not unit of weight of that substimoe. 

With the view of not departing from the common definition, we have re- 
ferred the capacity for heat to the weight and not to the volume; but it would 
be preferable to employ the coefficient c which we have just defined; magni- 
tudes measured by the unit of weight would not then enter into the analytical 
expressions: we should have to consider only, 1st, the linear dimension x, the 
temperature v, and the time t) 2nd, the coeffici^ts c, h, and K. Ihe three first 
quantities are undetermined, and the three others are, for each substance, 
constant elements which experim^t determines. As to the unit of surface ai»i 
the unit volume they are not absolute, but depend on the unit of length. 

160. It must now be remarked that every undetermined magnitude or 
constant has one dimension proper to itself, and that the terms of one and.the 
same eqxiation could not be compared, if they had not the same exponent of 
dimension. We have introduced this consideraticm into the theory of hea{t,'in 
order to make our d^nitions more exact, and to serve to vealy the ttaaijiamr 
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it is derived &(nn ptimaiy noticaa«(»r queidities^ for vrlpch xeascm, in geometiy 
and meefaanios, it is the equivalent of the fundamental lanmas whidi the 
Ghedks have l^t us witimut proof. 

' 161. In the analytical theory of heat, every equation (E) ei^nesses a neces* 
sary relation between the existing magnitudes x, t, v, e, A, K. This rdation 
depends in no respect on the choice of the unit of which from its very 

nature is contingent, that is to say, if we took a different unit to measure the 
liirear dimensions, the equation (£) would still be the same. Suppose th^ the 
unit of length to be changed, and its second value to be equal to the first 
divided by m. Any quantity whatever x which in the equation (E) represents a 
certain line ob, and which, consequently, denotes a certain number of times 
the unit of len^, becomes mx, corresponding to the same length ob; the value 
t ofthe time, and the value v of the temperature '^ll not be changed; the mme 

is not the case with the spedfic elements A. K, c: the first. A, becomes A ; for it 

tnr \ 

expresses the quantity of heat which escapes, during the unit of tune, from\ the 
imit of surface at the temperature 1. If we examine attentively the nature of 
the coefiicient K, as we have defined it in Artides 68 and 135, we perceive tWt 
K 

it becomes — ; for the flow of heat varies directly as the area of the surface, and 

inversdy as the distance between two infinite planes (Art. 72). As to the co- 
effident c which represents the product CD, it also depends on the imit of 

length and becomes — , ; hence equation (E) must imdeigo no change when we 

K h c 

write mx instead of x, and at the same time — instead of K, A, c; the 

’ m’mr m* > » » 

number m disappears after these substitutions: tiius the dimension of z with 

re£^>ect to the unit of length is 1, that of JiT is — 1, that of b is — 2, and that of e 

is <^3. If we attribute to each quantity its own exponent of dimension, the 

equation will be homogeneous, dnce every term will have the same total 

exprment. Numbers such as S, which represmt surfaces or solids, are of two 

dim^rdons in the first case, and of three dimensions in the second. Angles, 

sines, and other tngonometrical functions, logarithms or exponents of powers, 

are, according to the principles of malysis, absolute niunbers which do not 

dbange ’with the tmit of length; their dimendons must therefore be taken equal 

to 0, which is the dimendon of all abstract numbers. 

If the imit of time, which was at first 1, becomes - , the number t will become 

nt, mid the numbers x and v will not change. The coeffidents K, A, c will be- 
K A 

qome ThT;is the dimendons of x, f, v with respect-to the unit of time are 

0,1, 0, and those of K, A, e are —1, —1, 0. 

if't^ unit of temperature be changed, so that the temperature 1 beccnnes 
that wUch corresponds to an effect other than the boiling of water; and if that 
eSeet zequiree a less temperature, which is to that of bmhng water in the ratio 
of 1 to number p; v will become vp, z and t will keep their values, and the 

fsb^dents ^ j b , c win become 

' .'OPhe fdlowing table indicates the dimoudons of the three undetermined 
q^naatities and ^tlueecimstants, with raqwet to each idnd-of umti 
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QwmHty or Constant 
Exponent of dimenEdon of x . . . 

« (( « « f 

tt it tt it ^ 

The specific conducibility, K... 
The surface conducibility, h. . . 
The capacity for heat, c — 


Length DurcUion Temperature 


10 0 
0 10 
0 0 1 

-1 -1 -1 

-2 -1 -1 

-3 0 -1 


162. If we retained the coefficients C and D, whose product has been 
represented by c, we should have to consider the unit of weight, and we should 
find that the exponent of dimension, with respect to the imit of length, is —3 
for the density D, and 0 for C. 

On appl 3 ring the preceding rule to the differ^t equations and their trans* 
formations, it will be found that they are homogeneous with respect to each 
kind of unit, and that the dimension of every angular or exponential quantity 
is nothing. If this were not the case, some error must have been committed in 
the analysis, or abridged expresaons must have been introduced. 

If, for example, we take equation (6) of Art. 105, 

^ _ ftl 

dt ~ CD dx* CDS 


we find that, with respect to the unit of length, the dimension of each of the 
three terms is 0; it is 1 for the unit of temperature, and — 1 for the unit of time. 
In the equation of Art. 76, the linear dimension of each term 

is 0, and it is evident that the dimension of the exponent always noth- 

ing, whatever be the units of length, time, or temperature. 
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BIOGRAPHICAL NOTE 
Michael Fabadat, 1791-1867 


Fabadat was bom September 22, 1791, in 
Newington, Surrey, the son of a blakiksmith. 
When he was five, the family moved to Lon- 
don, and he grew up in such poverty that, as 
he later recalled, the loaf of bread his mother 
gave him had to last a week. “My education,” 
he wrote, “was of the most ordinary descrip- 
tion, consisting of little ihore than the rudi- 
ments of reading, writing, and arithmetic at a 
common day school. My hours out of school 
were passed at home and in the streets.” 

At the age of twelve he became an errand- 
boy for a bookseller and bookbinder, and a year 
later he was accepted because of exemplary 
conduct as an apprentice without fee. His sci- 
entific education began while he was engaged 
in binding books. As he later wrote to a friend: 
“It was in those books, in the hours after work, 
that I found the beginning of my philosophy. 
There were two that especially helped me, the 
Encydapaedia Britannica, from which I gained 
my first notions of electricity, and Mrs. Mar- 
cet’s Conversaiiotu on Chmikry, which gave 
me my foundation in that science.” With what 
money he could spare he bought materials for 
experiments, and by 1812 was conductmg in- 
vestigations in electrolsrtic decomposition. In 
the spring of that year, through the generosity 
of a customer, he was able to attend a series of 
four lectures by Sir Humphry Davy at the 
Boyal Institution. He took careful notes, wrote 
them out in fuller form, and bound them into 
a book. He sent the notes to Davy with a re- 
quest for employment at the Royal Institution 
in any capacity connected with science. Davy 
advised him not to give up a skilled trade for 
something in which there was neither security, 
money, nor opportunity for advancement, but 
a few months later, on the dismissal of a lab- 
oratory assistant, he offered the post to Fara- 
day. He became Davy's assistant in March, 
1813, and in October of tiiat year accompanied 
him on a tour of the universities and labora- 
tories of France, Italy, and Switserland, ediich 
lasted until AprU, 1815. 

Hpon his return to England and ^hostitu- 


tion, Faraday continued as Davy's asdstant 
and began research of his own. In 1816 he made 
his first contribution in the form of an analysk 
of caustic lime from Tuscany, which was pub- 
lished in the Qtujrterly Jotemal qfSeienee. Frtan 
that time he wrote an increasing number of 
notes and memoirs. In 1821 he b^^ Vmtk 
upon electromagnetism; he first collected and 
repeated all the known experiments, published 
an account of them in tire Atmdla of Philoto- 
phy, and proceeded to make his own investiga- 
tions. His experiments were meticulously re- 
corded in numbered paragraphs, and in 1^1 
he started the first section of his Experiments 
Bemrdm in Ekdricity, which was to occupy 
him intermittentiy for the next twenty-three 
years. First published in the form of mono- 
graphs in the “Transadione of the Royd So- 
ciety,” they were later brou^t out in three 
volumes (1844, 1847, 1855). 

Faraday was occupied during these yean 
with many things in addition to research in 
electricity. Pursuing the chemicrd investiga- 
tions he had begun as Davy’s assistant, he 
made a special study of chlorine, discovered 
two new chlorides of carbon, initiated experi- 
ments on the diffusion of gases, and was among 
the first to succeed in their liquefaction. Many 
of his discoveries had industrial applications, 
some of which he investigated, such as the al- 
loys of steel and the manufacture of ^ass. He 
was also called upon to act as a consultant on 
many works of public concern, and for tiiirty 
years he was adviser to Trinity House on tin 
supervision of the lightiiouses of England, b 
1823 he was dected to tire Roytd Society over 
Davy’s strong opposition, whidr, howevw, Fap- 
aday did not permit to interfere witii tiu^. 
friendship. In 1833 he was nrade the Fulls«ia34 
professor of chemistry for life, and altiiou^ 
was not obliged to lecture, he frequeutiy did W 
in order to increase the stability and in^ntiioe 
of the Institution. His celelnnted ChmiedSio- 
tory qf a Candle was one of tire series of Christ- 
mas lectures for childimr wl^hehiad started 
at tire Institution. He reemved honorary do* 
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grees and scientific tributes from all parts of 
^e world, and both the Royal Society and the 
Royal Institution tried in vain to persuade him 
to accept the presidency. As he told his friend 
Tyndall in refusing the Royal Society’s offer, 
“I must remain plain Michael Faraday to the 
last.” 

After he had become famous for his discov- 
eries, Faraday’s services were eagerly sought 
by industry and commerce. For a few years he 
didalittle "professional business,” as he called 
it, and in 1830 received more than a thousand 
pounds in return. It is estimated that this work 
might easily have yielded five thousand pounds 
in 1832, but he then felt, as he later told Tyn- 
dall, that he had to decide whether to make 
wealth or science the pursuit of his life. He 
chose science and lived and died a poor man. 

Faraday married in 1821, “an event,” he 
wrote, “which more than any other contributed 
to my earthly happiness and healthful state of 
mind.” The marriage was childless, but Fara- 
day’s lodgings in the Royal Institution were 
always full of his wife’s nieces and nephews, for 
he enjoyed the company of children and liked 


to take part in their games. Faraday’s parents 
belonged to the small dissident Presbyterian 
sect known as Sandemanians, and Faraday 
himself attended their meetinp from child- 
hood; he made a formal declaration of faith at 
thirty and for two different periods discharged 
the office of elder. 

Faraday’s last years were spent in seriously 
declining health. As early as 1841, as a result 
of overwork, he had suffered a serious break- 
down and was compelled to take a complete 
rest for a period of several years. Although he 
was back in the laboratory by 1845 and for fif- 
teen years'engaged in some of bis mbst impor- 
tant research, his health was never completely 
restored. When at length he found his memory 
failing and his powers declining, he mlded to 
others whatever parts of his work he ^uld no 
longer accomplish according to his owh stand- 
ard of efficiency. Queen Victoria, in 1858, pro- 
vided him with a house at Hampton Court 
which bad rooms so arranged that he had no 
stairs to climb. In 1862 he delivered his last 
lecture and performed his last experiment. He 
died August 25, 1867. 
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PREFACES FROM ORIGINAL THREE-VOLUME EDITION 


Preface to Volume I 

I HAVX been induced by vaxioiis circumstances to collect in one volume &e 
Fourteen Series of Experimental Researches in Bledricity, which have appeared 
in the Philosophical Transactions during the last seven years: the chi^ reason 
has been the desire to supply at a moderate price the whole of these paperSi 
with an index, to those who may desire to have them. 

The readers of the volume will, 1 hope, do me the justice to remember that 
it was not written as a whole, but in parts; the earlier portions rarely having 
any known relation at the time to those which might follow. If I had rewritten 
the work, I perhaps might have considerably varied the form, but should not 
have altered much of the real matter: it would not, however, then have been 
considered a faithful reprint or statement of the course and results of the whole 
investigation, which only— I desired to supply. 

1 may be allowed to express my great satisfaction at finding, that the diffeiv 
ent parts, written at intervals during seven years, harmonize so well as they do. 
There would have been nothing particular in this, if the parts had related only 
to matters well-ascertained before any of them were written: — ^but as each 
professes to contain something of original discovery, or of correction of re- 
ceived views, it does surprise even my partiality, that they should have the 
degree of consistency and apparent general accuracy which they seem to me 
to present. 

I have made some alterations in the text, but they have been altogether of a 
typographical or grammatical character; and even where greatest, have been 
intended to explain the sense, not to alter it. I have often added Notes at the 
bottom of the page, as to paragraphs 59, 860, 439, 521, 552, 555, 598, 657, 888, 
for the correction of errors, and dso the purpose of illustration: but these are 
all distinguished from the Original Notes of the Researches by the date of 
Dec. 1838. 

The date of a scientific paper containing any pretentions to discovery is fre- 
quently a matter of serious importance, and it is a great misfortune that there 
are many most valuable commimications, ^sential to the history and pr(^;ress 
of science, with respect to which this point cannot now be ascertained. This 
arises from the circumstance of the papers having no dates attached to them 
individually, and of the journals in which they appear having such as are inac- 
curate, i.e. dates of a period earlier than that of publication. I may refer to the 
note at the end of the First Series, as an illustration of the kind of confvution 
thus produced. These circumstances have induced me to affix a date at the top 
of every other page, and I have thought myself justified in using that placed by 
the Secretary of the Royal Society on each paper as it was received. Aii author 
has no right, perhaps, to claim an earlier one, urdeas it has received eonfixina- 
tum by some public act or officer. 
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Before ooncluding Idieee lines I \ 70 uld leave to make a relermce or two; 
first, to my own “Papers on Electro-magnetic Rotations” in the Quarterly 
Journal of Science, 1822. Xll, 74, 186, 283, 416, and also to my “Letter on Mag- 
neto-dectiic Induction” in the AnneUes de Chimie, LI, p. 404. These might, as 
to the matter, very properly have appeared in this volume, but they would have 
interfered with it as a timple reprint of the Experimental Beeearches of the Phil- 
osophical Transactions. 

Then I wish to refer, in relation to the Fourth Series on a new law of Electric 
Conduction, to Franklin’s experiments on the non-conduction of ice, which 
have been very properly separated and set forth by Professor Bache (journal 
of (he Franklin Institute, 1836. XVII, 183). These, which I did not at all re- 
member as to the extent of the effect, though they in no way antidpate t^ie ex- 
presdon of the law I state as to the general effe^tV liquefaction on electrdl 3 ie 8 , 
still should never be forgotten when speaking of that law as applicable m the 
case of water. ^ 

There are two papers which I am anxious to refer to, as corrections or ieriti- 
cisms of parts of the Experimental Researches. The first of these is one by JaWbi 
(philosophical Magasine, 1838. XIII, 401), relative to the possible production 
of a spark on completing the junction of the two metals of a single pair of plates 
(915). It is an excellent paper, and though I have not repeated the experiments, 
the description of them convinces me that I must have been in error. The sec- 
ond is by that excellent philosopher Marianini (Memoria della Sodeta Italiana 
di Modena, XXI, 205), and is a critical and experimental examination of Series 
Vlli, and of the question whether metallic contact is or is not productive of a 
part of the electricity of the voltaic pile. I see no reason as yet to alter the opin- 
ion I have given; but the paper is so very valuable, comes to the question so 
directly, and the point itself is of such great importance, that I intend at the 
first opportunity renewing the inquiry, and, if I can, rendering the proofs either 
on the one side or the other undeniable to all. 

Other parte of these researches have received the honour of critical attention 
from various philosophers, to all of whom I am obliged, and some of whose cor- 
rections I have acknowledged in the foot notes. There are, no doubt, occasions 
on which I have not felt the force of the remarks, but time and the progress of 
sdence will best settle such cases; and, although I cannot honestly say that I 
wish to be found in error, yet I do fervently hope that the progress of science 
m the hands of its many zealous present cultivators will be such, as by giving 
iis new and other developments, and laws more and more general in their ap- 
plications, will even make me think that what is written and illustrated in 
these e^iimental researches, belongs to the l^-gone parts of science. 

Michabl Fasadat 

Royal Institution, March, 1839 


Pr^aee to Volume 11 

Fob reasons stated in the former volume of Experimental Researches in Eleo- 
triat/y, I have induced to gather the remaining Series toother, and to add 

to them offlrtaia dthear papers devoted to Electrical research. 

' tim i»efato«y remmks containing these reasom, X would recall the reod- 

ledBoh c& those who may lumour these Researches with any farther attention; 
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I htfve printed tiie papois in this voktme, as befcxre, -nhhi fitlie or no altemtibii, 
except that 1 have placed the fair and just date of each at the tc^of the pages. 

I r^^ret the presence of those papers which partake of a controversial charao' 
ter, but could not help it; some of them contain much new, important and ex*< 
planatory matter. The introduction of matter due to other parties than myself, 
as Nobili and Antinori, or Hare, was essential to the comprehension of the fur- 
ther development given in the replies. 

I owe many thanks to the Royal Society, to Mr. Murray, and to Mr. Taylor, 
for the great kindness I have recdved in the loan of plates, &c., and in other 
facilities granted to me for the printing of the volume. 

As the Index belongs both to the Experimental Researches and to the miscel- 
laneous papers, its references are of necessity made in two ways; those to the 
Researches are, as before, to the numbers of the Paragraphs, and are easily 
recognised by the greatness of the numbers: the other references are to the 
pages, and being always preceded by p. or pp., are known by that mark. 

Michael Faradat 


Preface to Volume III 

For reasons stated in the First Volume of these Experimental Researches, I have 
been induced to gather the remaining Series together, and to add to them cer- 
tain other papers devoted to Electrical and Magnetic Research. 

To the prefatory remarks containing these reasons, I would recall the recol- 
lection of those who may honour these Researches with any further attention. 
I have printed the papers in this volume, as before, with little or no alteration, 
except that I have placed the fair and just date of each at the top of the pages. 

As regards magneciystallic action, which commences at paragraph 2454, the 
reader will see the gradual change and enlargement of view respecting its na- 
ture in the course of long investigations at the following places, 2550, 2562, 
2576, 2584, &c., 2591, 2639, 2797, 2818, 2836, &c. I would refer readers to .the 
paper by Tyndall and Knoblauch in the Philosophical Magazine, 1850, Vol. 
XXXVII, p. 1, for a very philosophical account of the physical cause of the 
magneciystallic action,^ and to the paper by Professor W. Thomson on the 
theory of magnetic induction in crystalline and non-crystalline substances in 
the Philosophical Magazine, 1851, Vol. I, p. 177, as being in all parts in perfect 
accordance with the various experimental results which I have at different times 
obtained. 

With respect to paragraph 2967, and the intentions there expressed of 
experimenting with oxygen at low t^peratures, I have endeavour^ to carry 
these intentions out; but the extreme difficulty of working on such attenuated 
matter as gases at low temperatures, without the production of air-currents 
able to infln encft the very delicate torsion-balance and apparatus required to 
measure the result, is so great as to have prevented me as yet from obtaink^ 
any results worthy of confidence. 

I owe many thanlra to the Royal Society and to the Proprietors of the Phil- 
oaophiad Magazine, for the great kindness I have recrived in the loan of p]Ates,, 
Ac., and in other facilities granted to me for tiie printing of the volume. 

* Marehaod and Soheerer say that binnath is expanded by prearare and has its alrae- 
turer «diangfid. Gmelin’a Handbook, iv. p. 428. 



264 FARADAY 

As the Index belongs both to the ExperimenM Researches and to the oiher 
pa|>ei8, its references are of necessity made in two ways ; those to the Researches 
are, as before, to the numbers of the paragraphs, and are easily recognized by 
the greatness of the numbers: the other references are to the pages, and being 
always preceded by p. or pp., are known by that mark. 

Michasl Fabadat 

January, 1855 



FIRST SERIES 


^l.Ontiie Induction of Electric Currenie § 2. On the Evolution qf 
Electricity from Magndism § 3. New Electrical Condition of Matter 
§ 4. Explication o/ Arago’s Magnetic Phenomena 

Read November 24, 1831 


1. The power which electricity of tension pos- 
sesses of causing an opposite electrical state in 
its vicinity has been expressed by the general 
term Induction; which, as it has been received 
into scientific language, may also, with propri- 
ety, be used in the same general sense to express 
the power which electrical currents may possess 
of inducing any particular state upon matter 
in their immediate neighbourhood, otherwise 
indifferent. It is with this meaning that I pur- 
pose using it in the present paper. 

2. Certain effects of the induction of elec- 
trical currents have already been recognised 
and described: as those of magnetization; Am- 
pere’s experiments of bringing a copper disc 
near to a flat spiral; his repetition with electro- 
magnets of Arago’s extraordinary experiments, 
and perhaps a few others. Still it appeared un- 
likely that these could be all the effects which 
induction by currents could produce; espe- 
cially as, upon dispensing with iron, almost the 
whole of them disappear, whilst yet an infinity 
of bodies, exhibiting definite phenomena of in- 
duction with electricity of tension, still remain 
to be acted upon by the induction of electricity 
in motion. 

3. Further: Whether Ampere’s beautiful 
theory were adopted, or any other, or whatever 
reservation were mentally made, still it ap- 
peared very extraordinary, that as every elec- 
tric current was accompanied by a correspond- 
ing int^sity of magnetic action at right angles 
to the current, good conductors of electricity, 
when placed within the sphere of this action, 
should not have any current induced through 
them, or some sensible effect produced equiva- 
lent in force to such a current. 

4. These considerations, with their conse- 
quence, the hope of obtaining electricity from 
ordinary magnerism, have stimulated me at 
various times to investigate experimentally 
theinductive^ect of electric currents. I lat^ 
enived at poritive results; and not only had 
vay liopes fulfilled, but obtained a key whieh 


appeared to me to open out a full explanation 
of Arago’s magnetic phencanena, and also to di»> 
cover a new state, which may probably have 
great influence in some of the most important 
effects of electric currents. 

5. These results I purpose describing, not as 
they were obtamed, but in such a mannw as 
to give the most concise view of the whole.. 

§ 1. On ihe Induction of Electric CurreniB 

6. About twenty-six feet of copper wire ono 
twentieth of an inch in diameter were wound 
round a cylinder of wood as a helix, the differ- 
ent spires of which were prevented fnan touch- 
ing by a thin interposed twine. This helix was 
covered with calico, and then a second wire ap- 
plied in the same matmer. In this way twelve 
helices were superposed, each containing an 
average length of wire of twenty-seven feet, 
and all in the same direction. The first, third, 
fifth, seventh, ninth, and eleventh of these hiri- 
ices were connected at their extremities end to 
end, so as to form one helix; the others were 
connected in a similar manner; fmd thus two 
principal helicea were produced, closdy inter- 
posed, having the same direction, not touchmg 
anywhere, and each containing one hundred 
and fifty-five feet in length of wire. 

7. One of these helices was conneeted with a 
galvanometer, the other with a vedtaie baUery 
of ten pairs of pistes four inches square, edth 
doable coppers and well chu-ged; yet not the 
^ghtest sensible deflection of the galvanmn- 
eter-needle could be observed. 

8. A similar compound helix, oonsuti^g of 
six lengths of copper and ox of soft iron won, 
was constructed. The resulting iron fa^eou- 
tained two hundred and fburtem feated wir^ 
the resulting copper hdix two huruhed and 
^t feet; but whether tire ounent bom tike 
trough was passed through tiie eeppw car the 
iron helix, no effect upon the other oeuld be 
perceived at tim gM^vanometar. 

ft. In these and maiQr tdmihw m^erioMQhp 



m FARADAY 


BO difference in action of any land appeared 
between iron and other metids. 

10. Two hundred and three feet of copper 
wire in one length were coiled round a large 
block of wood; other two hundred and three 
feet of similar wire were interposed as a spiral 
between the turns of the first coil, and metallio 
oontact everywhere prevented by twine. One 
of these helices was connected with a gaivan* 
ometer, and the other with a battery of one 
hundred pairs of plates four inches square, 
with double coppers, and well charged. When 
the contact was made, there was a sudden and 
v^ slight effect at the galvanometer, and 
Ibeire was also a similar slight effect when the 
contact with the battery was broken. But 
whilst the voltaic current was continuing to 
pass throu^ the one helix, no galvanometrical 
appearances nor any ^ect like induction upon 
the other helix could be perceived, although the 
active power of the battery was proved to be 
great, by its heating the whole of its own helix, 
^d by the brilliancy of the discharge when 
BQ^e through charcoal. 

,11. Repetition of the experiments with a 
battery of one hundred and twenty pairs of 
{dates produced no other effects; but it was as- 
ccHained, both at this and the former time, 
that the slight deflection of the needle occur- 
ring at the moment of completing the conne- 
sdon, was always in one direction, and that the 
equally slight deflection produced when the 
contact was broken, was in the other direction; 
and also, that these effects occurred when the 
first helices were used (6, 8). 

12. The results which I had by this time ob- 
tained With magnets led me to believe that the 
battery current throu^ one wire, did, in real- 
ity, induce a similar current through the other 
wire, but that it continued for an instant only, 
and partook more of the nature of the elec- 
trical wave passed through from the shock of a 
common Leyden jar than of the current from a 
l^nitaic batteiy, and therefore might magnetise 
a Wteel needle, although it scarcely affected the 
galvanometer. 

131 This expectation was confirmed; for on 
e(d>stitotinga sinjsdt hollow helix, formed round 
s^l^lass tube, for the galvanometer, introducing 
alrted needle, n!ial±Qg contact as before be- 
the and the inducing wire (7, 

then removing the needle before the 
contact was brok^, it was found mag^ 

, 14. TVlien the batteiyeontact was first made, 
Ihto an itnniagBetised needle introduced into 


the small indicating helix (13), and lastly the 
battery contact broken, the needle was found 
magnetised to an equal degree apparently as 
before; but the poles were of the contrary Idnd. 

15. The same effects took place on using the 
large compound helices first described (6, 8). 

16. When the unmagnetised needle was put 
into the indicating helix, before ccmtact of the 
inducing wire with the battery, and remained 
there until the contact was broken, it exhibited 
little or no magnetism; the first effect having 
been nearly neutralised by the second (13, 14). 
The force of the induced current upon making 
contact was found always to exceed that of the 
induced current at breaking of contact;! and if 
therefore the contact was made and moken 
many times in succession, whilst the needle re- 
mained in the indicating helix, it at last name 
out not unmagnetised, but a needle magne- 
tised as if the induced current upon making 
contact had acted alone on it. This effect Wy 
be due to the accumulation (as it is called) at 
the poles of the unconnected pile, rendering 
the current upon first making contact more 
powerful than what it is afterwards, at the mo- 
ment of breaking contact. 

17. If the circuit between the helix or wire 
under induction and the galvanometer or fin- 
dicating spiral was not rendered complete 6e- 
fore the connexion between the battery and the 
inducing wire was completed or broken, then 
no effects were perceived at the galvanometer. 
Thus, if the battery communications were first 
made, and then the wire under induction con- 
nected with the indicating helix, no magnetis- 
ing power was there exhibited. But still retain- 
ing the latter communications, when those 
with the battery were broken, a magnet was 
formed in the helix, but of the second kind (14), 
i.e., with poles indicating a current in the same 
direction to that belonging to the battery cu]> 
rent, or to that always induced by that current 
at its cessation. 

18. In the preceding experiments the wires 
were placed near to each other, and the ecm- 
tact of the inducing one with the battery made 
when the inductive effect was required; but as 
the particular action might be supposed to be 
exerted only at the moments of mAking and 
iHoaking contact, the induction was produced 
in another way. Several feet of copper wire 
were stretched in wide zigisag forms, represent- 
ing the letter W, on one surface of a broad 
board; a second wire was stretched in {moisely 
similar forms on a second board, so that wim 
brought nea^ the first, the wires ahcnldei^eigr* 
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wb^re toachy except a ehe^ paper 
was interpo^/Ooe of ^ese wires was eon* 
nected with the galvanometer, and tiie other 
with a voltaic battery. The first wire was then 
moved towards the second, and as it ap* 
proached, the needle was deflected. Being then 
removed, the needle was deflected in the op- 
posite direction. By first making the wires ap- 
proach and then recede, simultaneously with 
the vibrations of the needle, the latter soon be- 
came very extensive; but when the wires 
ceased to move from or towards each other, 
the galvanometer-needle soon came to its usual 
position. 

19. As the wires approximated, the induced 
current was in the contrary direction to the in- 
ducing current. As the wires receded, the in- 
duced current was in the same direction as the 
inducing current. When the wires remained 
stationary, there was no induced current (54). 

20. When a small voltaic arrangement was 
introduced into the circuit between the gal- 
vanometer (10) and its helix or wire, so as to 
cause a permanent deflection of 30® or 40®, and 
then the battery of one hundred pairs of plates 
connected with the inducing wire, there was an 
instantaneous action as before (11); but the 
galvanometer-needle immediately resumed and 
retained its place unaltered, notwithstanding 
the continu^ contact of the inducing wire 
with the trough: such was the case in which- 
ever way the contacts were made (33). 

21. Hence it would appear that collateral 
currents, either in the same or in opposite di- 
rections, exert no permanent inducing power 
on each other, affecting their quantity or ten- 
sion. 

22. 1 could obtain no evidence by the tongue, 
by spark, or by heating fine wire or charcoal, 
of the electricity passing through the wire un- 
der induction; neither could I obtain any chem- 
ical effects, though the contacts with metallic 
and other solutions were made and broken al- 
ternately with those of the battery, so that the 
second effect of induction should not oppose or 
neutralise the first (13, 16). 

23. This deficiency of effect is not because 
the induced current of electricity cannot pass 
fluids, but probably because of its brief dura- 
tion and feeble intensity; for on introducing 
two large copper plates into the circuit on the 
induced side (20), the plates being immersed 
in brine, but prevented from touching each 
oth^ by an interposed cloth,, the effect at the 
indicating galvanometer, or helix, occurred as 
before; 1%e induced diectrieity c6uid abo pass 


thronghavpl^c bough (30). When, faowev^, 
the quantity of interposed fluid was reduced to 
a drop, the galvanometer ^ve no indication. 

24. Attempts to obtain similar effects by the 
use of wires conveying ordinary electricity were 
doubtful in the results. A compound helix sim- 
ilar to that already described, containing ei^t 
elementary helices (6), was used. Four of the 
helices had their similar ends bound togeth^ 
by wire, and the two general terminations thus 
produced connected with the small magnet- 
ising helix containing an unmagnetised needle 
(13). The other four helices were similarly ar- 
ranged, but their ends connected with a L^den 
jar. On passing the discharge, the needle was 
found to be a magnet; but it appeared prob- 
able that a part of the electricity of the jar had 
passed off to the small helix, and so magnetised 
the needle. There was indeed no reason to exr 
pect that the electricity of a jar possessing as 
it does great tension, would not diffuse itsdf 
through all the metallic matter interposed be- 
tween the coatings. 

25. Still it does not follow that the discharge 
of ordinary electricity through a wire does not 
produce analogous phenomena to those arising 
from voltaic electricity; but as it appears im- 
possible to separate the effects produced at the 
moment when the discharge begins to pass, 
from the equal and contrary effects produced 
when it ceases to pass (16), inasmuch as with 
ordinary electricity these periods are simulta- 
neous, so there can be scarcely any hope that 
in this form of the experiment they can be per- 
ceived. 

26. Hence it is evident that currents of vol- 
taic electricity present phenomena of induction 
somewhat analogous to those produced by elec- 
tricity of tension, although, as will be seen here- 
after, many differences exist between Ibeiil. 
The result is the production of other currents, 
(but which are only momentary), parallel, or 
tending to parallelism, with the inducing cur- 
rent. By reference to the poles of the needle 
formed in the indicating helix (13, 14) and to 
the deflections of the galvanometeiHie^le (11), 
it was found in all cases that the induced cur- 
rent, produced by the first action of the induc- 
ing current, was in the contrary direction to 
the latter, but that the current produced by 
the cMsation of the inducing current was in the 
same direction (19). For the purpose of avoid- 
ing periphrasis, I propose to call this action of 
the current from the voltaic battery, 

tiric indvyMon Tbe properties of ^ second 
wire, after induction has developed iSit first 
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current, and whilst the dectdcity from thehat- 
tery continues to flow throuf^ its inducing 
neighbour (10, 18), constitute a peculiar elec- 
tric condition, the consideration of which will 
be resumed hereafter (60). All these results 
have been obtained with a voltaic apparatus 
consisting of a single pair of plates. 

§ 2. On the Evolution of EkctricUy from Mag^ 

ndim 

27. A welded ring was made of soft round 
bar-iron, the metal being seven-eighths of an 
inch in thickness, and the ring six inches in ex- 
ternal diameter. Three helices were put round 
one part of this ring, each containing about 
twenty-four feet of copper wire one-twentieth 
of an inch thick; they were insulated from the 
iron and each other, and superposed in the man- 
ner before described (6), occupying about nine 
inches in length upon the ring. They could be 
used separately or conjointly; the group may 
be distinguished by the letter A (PL I, 1). 
On the other part of the ring about sixty feet 
of similar copper wire in two pieces were ap- 
plied in the same manner, forming a helix B, 
which had the same common direction with 
the helices of A, but being separated from it at 
each extremity by about half an inch of the 
uncovered iron, 

28. The helix B was connected by copper 
wires with a galvanometer three feet from the 
ring. The helices of A were connected end to 
end so as to form one common helix, the ex- 
tremities of which were connected with a bat- 
tery of ten pairs of plates four inches square. 
The galvanometer was immediately affected, 
and to a degree far beyond what has been de- 
scribed when with a battery of tenfold power 
helices without iron were used (10) ; but though 
the contact was continued, the effect was not 
permanent, for the needle soon came to rest in 
its natural position, as if quite indifferent to 
the attached electro-magnetic arrangement. 
Upon breaking the contact with the battery, 
the needle was again powerfully deflected, but 
in the contrary direction to that induced in the 
first instance. 

29. Upon arranging the apparatus so that B 
should out of use, the galvanometer be con- 
nected with one of the three wires of A (27), 
and the other two made into a through 
which the current from the trough (28) was 
passed, similar but rather more powerful ef- 
fects ww produced. 

the battery contact was made in 
one direotion, the galvmiomekei>njeedle was de- 


flected on the one side; if made in the other 
direction, the deflection was on the other side. 
The deflection on breaking the battery contact 
was always the reverse of that produced by 
completing it. The deflection on making a bat- 
tery contact always indicated an induced cur- 
rent in the opposite direction to that from the 
battery; but on breaking the contact the de- 
flection indicated an induced current in the 
same direction as that of the battery. No mak- 
ing or breaking of the contact at B side, or in 
any part of the galvanometer circuit, produced 
any effect at the galvanometer. No continu- 
ance of the battery current caused any deflec- 
tion of the galvanometer-needle. As the above 
results are common to all these experiments, 
and to similar ones with ordinary magnets to 
be hereafter detailed, they need not again 
particularly described. 

31. Upon using the power of one hundred 
pairs of plates (10) with this ring, the impulse 
at the galvanometer, when contact Was com- 
pleted or broken, was so great as to make the 
needle spin round rapidly four or five times, 
before the air and terrestrial magnetism could 
reduce its motion to mere oscillation. 

32. By using charcoal at the ends of the B 
helix, a minute spark could be perceived when 
the contact of the battery with A was com- 
pleted. This spark could not be due to any di- 
version of a part of the current of the battery 
through the iron to the helix B; for when the 
battery contact was continued, the galva- 
nometer still resumed its perfectly indifferent 
state (28) . The spark was rarely seen on break- 
ing contact. A small platina^ wire could not be 
ignited by this induced current; but there seems 
every reason to believe that the effect would be 
obtained by using a stronger original current 
or a more powerful arrangement of helices. 

33. A feeble voltaic current was sent throu^ 
the helix B and the galvanometer, so as to de- 
flect the needle of the latter 3(f or 40°, and 
then the battery of one hundred pairs of plates 
connected with A; but after the first effect was 
over, the galvanometer-needle resumed exactly 
the position due to the feeble current tran^n^r* 
ted by its own wire. This took place in whidk- 
ever way the battery contacts w^ made^ and 
shows that here again (20) no permanent in- 
fluence of the currents upon each other, as tb 
their quantity aind tension, exists. 

34. Another arrangement wae them emj^yed 
conneelteg the former experiments oh vdtar 

^PlaUm: early form for jMindikt used ofi^ in 
this work.— Bft. 
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lifeolrifi {|icliii^o& <6-— 96) with th6 prastot. A 
iKmilnsiatioii^i^ hdices like that already de* 
licribed (6) was Gohstructed upon a hollow cyl- 
mdar of pasteboard: there were eight lengths 
of oopp» wire, containing altogether 220 feet; 
four these helices were connected end to end, 
and them with the galvanometer (7) ; the other 
intarvening four were also cmmected end to 
end, and t^ battery of one hundred pairs dis- 
charged thipugh them. In this form the effect 
Oh the galvanometer was hardly sensible (11), 
though magnets could be made by the induced 
eiirrent .(13). But when a soft iron cylinder 
sevto^ighths of an inch thick, and twdve 
Ituhes long, was introduced into the pasteboard 
tube, surrounded by the helices, then the in- 
duced current affected the galvanometer pow* 
erfully and with aU the phenomena just de- 
scribed (30). It possessed also the power of 
making magnets with more energy, apparently, 
than when no iron cylinder was present. 

35. When the iron cylinder was replaced by 
an equal cylinder of copper, no effect beyond 
tiiat of the helices alone was produced. The 
iron cylinder arrangement was not so powerful 
as the ring arrangement already described (27) . 

36. Similar effects were then produced by 
ordbnaary nuignets: thus the hollow helix just de- 
scribed (34) had all its elementary helices con- 
nected with the galvanometer by two copper 
wires, each five feet in length; the soft iron cyl- 
inder was introduced into its axis; a couple of 
barmagnets, each twenty-four inches long, were 
arranged wi^ their opposite poles at one end in 
cpntact, so as to resemble a horse-shoe magnet, 
and then contact made between the other poles 
and the ends of the iron cylinder, so as to con- 
vert it for the time into a magnet (PL I, Fig. 
9): by breaking the magnetic contacts, or re- 
versing them, ^ magnetism of the iron cylin- 
der coidd be destroyed or reversed at pleasure. 

37. Upon making magnetic contact, the nee- 
dle was deflected; continuing the contact, the 
needle became indifferent, and resumed its first 
ppritkm; on breaking the contact, it was again 
dafiected, but in the opposite direction to the 

and then it again became indiffer- 
the magnetic contacts wmre reversed 
#iedeSectioii6 were reversed. 

, ;S6. Whmi the magnetic contact was made, 
the d^eetion was such as to indicate an inr 
dueed current of eiectrieity in the opposite dir 
that fitted to form a magnet, having 
polarity as that really produced by 
eqntaot with the bar magnate. Thus when the 
jhaidu^irnd unmarked j^es were placed as in 


PL I, 5, the ourrentih the helixwasinthe 
direc^on represented, P being supposed to be 
the end of the wire going to the pendtive pole of 
the battery, or that end towards which the 
zinc plates face, and N the negative wire. Such 
a current would have converted the cylinder 
into a magnet of the opposite kind to that 
formed by contact with the poles A and B; and 
such a current moves in the opposite direction 
to the currents which in M. Ampere's beautiful 
theory are considered as constituting a magnet 
in the position figured.^ 

39. But as it might be supposed that in all 
the preceding experiments of this section, it 
was by some peculiar effect taking placje during 
the formation of the magnet, and ndt by its 
mere virtual approximation, that the momen- 
tary induced current was excited, the following 
experiment was made. All the similar ^ds of 
the compound hollow helix (34) were mimd 
together by copper wire, forming two gWeral 
terminations, and these were connect^ with 
the galvanometer. The soft iron cylinder (34) 
was removed, and a cylindrical magnet, three- 
quarters of an inch in diameter and eight inches 
and a half in length, used instead. One end of 
this magnet was introduced into the axis of the 
helix (PL I, Fig. 4)f and then, the galvano- 
meter-needle being stationary, the magnet was 
suddenly thrust in; immediately the needle was 
deflected in the same direction as if the magnet 
had been formed by either of the two preceding 
processes (34, 36). Being left in, the needle re- 
sumed its first position, and then the magnet 
being withdrawn the needle was deflected in 
the opposite direction. These effects were not 
great; but by introducing and withdrawing the 
magnet, so that the impulse each time should 
be added to those previously communicated to 
the needle, the latter could be made to vibrate 
through an arc of 180^ or more. 

’The rdative poeition of an electric current and 
a magnet is by most persons found very difficult to 
remember, and three or four helps to the memory have 
been devised by M. Ampere and others. I venture to 
suggest the following as a very aimple and effectual 
assistance in these and similar latitudes. Xiet the ex- 
perimeter think he is looking down upon a dipi^g- 
needle. or upon the pole of the earth, and then lei him 
think upon the direoUpn of the motion of the handsof 
a watch, or of a screw moving direct; currents in that 
direction round a needle would make it into eitdt a 
magnet as the dipping needle, or would themselves 
constitute an electro-magnet of Similar qualities! or 
if brought neiar a magnet would tend to make it take 
that direction ; or would tbemseives be moved kito that 
lotion by a magnei so placed; or in M. Ampto's 
uieory are considered ae moving in that direcnoa in 
^eznagnet llmse two pdhts. of tlih position of ilffie 
mppmg-needle^and the motion cl the wat4t 
b^ rem^bered/any other xelatioh olimdoeiimt 
and magnet eaa beAtoeoe dadiipedJhMiilk ^ 
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be piuwl entirely throtti^ thebelixy for ihm a 
geoond aetion oooorB. "VVlien tlie magnet is ia- 
trodueed, the needle at the galvanometer is de- 
flectedina certalndirection; but beingin, wheth- 
er it be pushed quite through or withdrawn, 
the needle is deflected in a direction the reverse 
of that previously produced. When the magnet 
is passed in and through at one continuous mo- 
tion, the needle moves one way, is then suddenly 
stopped, and finally moves the other way. 

41. If such a hollow helix as that described 
(34) be laid east and west (or in any other con- 
stant position), and a magnet be retained east 
and west, its marked pole always being one 
way; then whichever end of the helix the 
magnet goes in at, and consequently whichever 
pole of the magnet enters first, still the needle 
is deflected the same way: on the other hand, 
whichever direction is followed in withdrawing 
the magnet, the deflection is constant, but con- 
trary to that due to its entrance. 

42. These effects are simple consequences of 
the law hereafter to be described (114). 

43. When the eight elementary helices were 
made one long helix, the effect was not so great 
as in the arrangement described. When only 
one of the eight helices was used, the effect was 
also much diminished. All care was taken to 
guard against any direct action of the inducing 
magnet upon the galvanometer, and it was 
found that by moving the magnet in the same 
direction, and to the same degree on the out- 
side of the helix, no effect on the needle was 
produced. 

44. The Royal Society are in possession of a 

large compound magnet formerly belonging to 
Dr. Gowin Knight, which, by permission of the 
President and Council, I was allowed to use in 
the prosecution of these experiments: it is at 
present in the charge of Mr. Christie, at his 
house at Woolwich, where, by Mr. CIMstie’fi 
kindness, 1 was at liberty to work; and 1 have 
to acknowledge my obli^tions to him for his 
a^stance in in the experiments and obaerva- 
tbns made with it. This magnet is composed of 
about 450bariimgnets, each fifteen inches long, 
one inch wide, and half an inch thick, arrang^ 
in a box so as to at one of its mcttemi- 

ties two external poles (PL I, Fig. d). These 
poles projected horisontally six inches from the 
box, were twdve in^es high land three 
indies wide. They mm nine molm apartl nnd 
whena i^ft iron cylinder, three-qiiiarters of an 

h iSntneteriunl tu^ve long^ was 
put across frdni doe to the dfheri it reqi^^d a 


loree of nearly one hmiwA pounds to bieak 
the contact pde to the l^t in the figure is 

the marked pole.* 

45. The indicating galvanometer, in all ex« 
periments made with this magnet, was about 
eight feet from it, not directly in front of tibe 
poles, but about 16'^ or 17^ on one side. It was 
found that on making or breaking the connex- 
ion of the poles by soft iron, the instrumdit 
was slightly affect^; but all error of obserta;- 
tion arising from this cause was easily and care- 
fully avoided. 

46. The electrical effects exhibited by this 
ma^et were very striking. When a soft iron 
cylinder thirteen inches long was put through 
the compound hollow helix, with its ends ar- 
ranged as two general terminations (39), these 
connected with the galvanometer, and the iron 
cylinder brought in contact with the two poles 
of the magnet (PL 1, Fig, 5), so powerful a nidi 
of electricity tc^k place that the needle whirled 
round many times in succession.* 

47. Notwithstanding this great power, if the 
contact was continued, the needle resumed its 
natural position, being entirely uninfluenced 
by the position of the helix (80). But on break- 
ing the ma^etic contact, the needle was whirled 
round in the opposite direction with a force 
equal to the former. 

48. A piece of copper plate wrapped once 
round the iron cylinder like a socket, but with 
interposed paper to prevent contact, had its 
edges connect^ with the wires of the galvano^ 
meter. When the iron was brought in contact 
with the poles the galvanometer was stron^y 
affected. 

49. Dismissing the hdices and sockets, ike 
galvanometer wire was passed over, and conse- 
quently only half round the iron c^ind^ (PL 
I, Fig. 6); but even then a strong effect upon 
the needle was exhibited, when the magnetic 
contact was made or broken. 

50. As the bdlix with its iron cylinder niraa 
brought towards the magnetic poles, but wUlh 
out making ccn&icf, still powerful effects were 
produced . When the helix, without the iron eyi- 

iTo avoid any oonfuaion as to the polee of 
magaet, 1 ahiUi deneoate the pole pointanff to w 
nom as the auukocTpole: I may oooaaioaally a|)m 
of the north and .aouth ends of the&eedlejt^tdanot 
mean thereby north and south pc^os. That ie 
many oonsideivd the true north jm% of a netw 
whicm poii^ to theacwth;btttin this ooiintry itii^ 
often emied the south pole. 

< A soft iron bar in the form of a lifter to a homo- 
shoe maanet, whan supplied with a soil of this hind 
round the niiddle of it, becomes, by iuxtaposkiqn' 
with a magnet, a ready source of a hnef bat detea- 
mwata wnent of elaohdeity. 
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eopper, waa approached to, or placed be- 
tween the poles (44), the needle was thrown 
8(f, 90^, or more, from its natural position. The 
zoducti ve force was of course greater, the nearer 
the beMx, either with or without its iron cylin- 
der, was brought to the poles; but otherwise 
the same effects were pr^uoed, whether the 
helix, &c. was or was not brought into contact 
with the magnet; i.e., no permanent effect on 
the galvanometer was produced; and the effects 
of approximation and removal were the re- 
verse of each other (30). 

61. When a bolt of copper corresponding to 
the iron cylinder was intn^uced, no greater ef- 
fect was produced by the helix than without it. 
But when a thick iron wire was substituted, 
the magneto-deotric induction was rendered 
sensibly greater. 

. 62. The direction of the electric current pro- 
duced in all these experiments with the helix, 
was the same as that already described (38) as 
obtained with the weaker bar magnets. 

63. A spiral containing fourteen feet of cop- 
per wire, being connected with the galvano- 
meter, and approximated directly towards the 
marked pole in the line of its axis, affected the 
instrument strongly; the current induced in it 
was in the reverse direction to the current 
theoretically considered by M. Ampere as ex- 
isting in the magnet (38), or as the current in 
an electro-magnet of similar polarity. As the 
spiral was withdrawn, the induced current was 
reversed. 

64. A similar spiral had the current of eighty 
pairs of 4-inch plates sent through it so as to 
form an electro-magnet, and then the other 
spiral connected with the galvanometer (53) 
approximated to it; the needle vibrated, indi- 
cating a current in the galvanometer spiral the 
reverse of that in the battery spiral (18, 26). 
On withdrawing the latter spiral, the needle 
passed in the opposite direction. 

66. Single wires, approximated in certain di- 
teetions towards the magnetic pole, had cur- 
i^ts induced in them. On their removal, the 
currents were inverted. In such experiments 
the wires shbuld not be removed in directions 
different to those in which they were approxi- 
mate; for th^ occwonally complicate and 
irregular effect are produced, the causes of 
which will be very evident in the fourth part of 
paper. 

i.' 56. All attonpts to obtain chemical effects 
^ the induced current of dectricity failed, 
the piecaudons b^re desmbed (22), 


and all otims tibat could be thought of, 
employed. Neither mf my sensation on the 
tongue, or any convulsive effect upon the limbs 
of a frog, produced. Nor could charcoal or fine 
wire be ignited (133). But upon repeating the 
experiments more at leisure at the Royal In- 
stitution, with an armed loadstone belonging 
to Professor Daniell and capable of lifting about 
thirty pounds, a frog was very powerfully con- 
vulsed each time magnetic contect was made. 
At first the convulsions could not be obtained 
on breaking magnetic contact; but conceiving 
the deficiency of effect was because of the com- 
parative slowness of separation, the latter act 
was effected by a blow, and then the| frog was 
convulsed strongly. The more insta|ntanG0U8 
the union or disunion is effected, the niore pow- 
erful the convulsion. I thought also I could per- 
ceive the sematim upon the tongue and the 
flash before the eyes; but I could obmin no 
evidence of chemical decomposition. \ 

57. The various experiments of this section 
prove, I think, most completely the produc- 
tion of electricity from ordinary magnetism. 
That its intensity should be very feeble and 
quantity small, cannot be considered wonder^ 
ful, when it is remembered that like thermo- 
electricity it is evolved entirely within the sub- 
stance of metals retaining ail their conducting 
power. But an agent which is conducted along 
metallic wires in the manner described; which 
whilst so passing possesses the peculiar mag- 
netic actions and force of a current of electric- 
ity; which can agitate and convulse the limbs 
of a frog; and which, finally, can produce a 
spark^ by its discharge throu^ charcoal (32), 
can only be electricity. As all the effects can be 
produced by ferruginous electro-magnets (34), 
there is no doubt that arrangements like the 
magnets of Professors Moll, Henry, Ten Eyke, 
and others, in which as many as two thousand 
pounds have been lifted, may be used for these 
experiments; in which case not only a brighter 
spark may be obtained, but wires also ignited, 
and, as the current can pass liquids (23), chem- 
ical action be produced. These effects are stfil 
more likely to be obtained when the magneto- 
electric arrangements to be explained in the 
fourth section are excited by the powers of 
such apparatus. 

1 For a mode of obtainix^ the qnu’h from the com- 
mon magnet which I have found effectual, see the 
PhiloaatMioal MaOaSin$ for June, 1S32, p. 6. In the 
same journal lor November, 1884, Vol. V, p. 849, wUl 
be found a method of obtaining the magneto-eleotnc 
apark, etill sixhnler in ita prind^e, the uae of soft irba 
being diepenaed with altogetlierr— I>a 0 k 1888. 
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SS* The similarity of action, ahnost amotmV 
ing to identity, bettveen common magnets and 
either electro-magnets or volta-electric cur- 
rents, is strikingly in accordance with and con- 
firmatory of M. Ampere’s theory, and furnishes 
powerful reasons for believing that the action 
is the same in both cases ; but, as a distinction in 
language is still necessary, I propose to call the 
agency thus exerted by ordinary magnets, mag- 
neto-electric or rnagnelectnc induction (26). 

59. The only difference which powerfully 
strikes the attention as existing between volta- 
electric and magneto-electric induction, is the 
suddenness of the former, and the sensible time 
required by the latter; but even in this early 
state of investigation there are circumstances 
which seem to indicate that upon further in- 
quiry this difference will, as a philosophical 
distinction, disappear (68).^ 

§ 3. New Electrical State or Condition 
of Matter^ 

60. Whilst the wire is subject to either volta- 
electric or magneto-electric induction, it ap- 
pears to be in a peculiar state; for it resists the 
formation of an electrical current in it, where- 
as, if in its common condition, such a current 
would be produced; and when left uninfluenced 
it has the power of originating a current, a pow- 
er which the wire does not possess under com- 
mon circumstances. This electrical condition 
of matter has not hitherto been recognised, but 
it probably exerts a very important influence 
in many if not most of the phenomena pro- 
duced by currents of electricity. For reasons 
which will immediately appear (71), I have, 
after advising with several learned friends, 
ventured to designate it as the electro-tonic 
state. 

61. This peculiar condition shows no known 
electrical effects whilst it continues; nor have I 
yet been able to discover any peculiar powers 
exerted, or. properties possessed, by matter 
whilst retained in this state. 

62. It shows no reaction by attractive or re- 
pulsive powers. The various experiments which 

^ For important additional phenomena and devel- 
opments of the induction of electrical currents, see 
now the ninth series, 1048-1118. — Dee* 1838. 

, * This section having been read at the Royal So- 
ciety and reported upon, and havinc^lso, in conse- 
quence of a letter from myself to M. Hachette, been 
noticed at the French Institute, I feel bound to let it 
stand as part of the paper; but later investigations 
(intimated 73, 76, 77) of the laws governing these 
phenomena, induce me to think that the latter can 
be Inlly. exDlainad without, admitti^ the deotro- 
tonic state, wty views on this point will appear in the 
csooad seiieB of these re8earohes.-^M. F. 


havh been made wHli iKifwerfd upon 

midi metals, as copper, mlver, and general^ 
those substances not magnetic, prove thb 
point; for the substances experimen^d upon, if 
electrical conductors, must have acquired this 
state; and yet no evidence of attractive or re- 
pulsive powers has been observed. I have placed 
copper and silver discs, very delicately sus- 
pended on torsion balances in vacuo near to the 
poles of very powerful magnets, yet have not 
been able to observe the least attractive or re- 
pulsive force. 

63. 1 have also arranged a fine slip of gold- 
leaf very near to a bar of copper, the two being 
in metallic contact by mercury at their extrem- 
ities. These have been placed in vacuo, so that 
metal rods connected with the extremities of 
the arrangement should pass through the sides 
of the vessel into the air. I have then moved 
powerful magnetic poles, about this arrange- 
ment, in various directions, the metallic circuit 
on the outside being sometimes completed by 
wires, and sometimes broken. But I never could 
obtain any sensible motion of the gold-leaf, 
either directed to the magnet or towards the 
collateral bar of copper, which must have been, 
as far as induction was concerned, in a similar 
state to itself. 

64. In some cases it has been supposed that, 
under such circumstances, attractive and re- 
pulsive forces have been exhibited, i.e., that 
such bodies have become slightly magnetic. 
But the phenomena now described, in conjunc- 
tion with the confidence we may reasonably ro- 
pose in M. Ampere's theory of magnetism, tend 
to throw doubt on such cases; for if magnetism 
depend upon the attraction of electrical cur- 
rents, and if the powerful currents at first ex- 
cited, both by volta-electric and magneto-rieo- 
tric induction, instantly and naturally cease 
(12, 28, 47), causing at the same time an entire 
cessation of magnetic effects at the galvanom- 
eter needle, then there can be little or no ex- 
pectation that any substances not partaking of 
the peculiar relation in which iron, nickel, and 
one or two other bodies, stand, should exhibit 
magneto-attractive powers. It seems far moire 
probable, that the extremely feeble permanent 
effects observed have been due to traces of 
iron, or perhaps some other unrecognised cause 
not magnetic. 

65. l^is peculiar condition exerts no retard* 
mg or accelerating power upon electrioal cur- 
rents pasring through metal thus ciremnstanced 
(20, 33). Ndther could any such power upoii 
the induemg current itsetf be deleetod; to 
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ildioeB, mre 
«rmiiie 4 in pos^le ways by the aide of a 
vmib or hdix^ carrying a current measured by 
(he galimaomet^ ( 20 ), not the slightest per- 
znanent change in (he indication of the instru- 
meid} could be perceived. Metal in the sup* 
pos^ peculiar state, therefore, conducts dee-^ 
tiidity in all directions with its ordinary facil- 
i^, or, in other words, its conducting power is 
not s^sibly altered by it. 

66 ^ All metals take on the peculiar state. 
This is proved in the preceding experiments 
widi copper and iron ( 9 ), and with gold, silver, 
tin, bad, zinc, antimony, bismuth, mercury, 
&c., by experiments to ^ described in the 
fourth part (132), admitting of easy applica* 
tiom With regard to iron, the experiments 
prove the thorou^ and remarkable independ- 
ence of these phenomena of induction, and the 
ofdinary magnetical appearances of that metal. 

67. Tlus state is alto^ther the effect of the 
induction exerted, and ceases as soon as the in- 
ductive force is removed. It is the same state, 
whether produced by the collateral passage of 
voltaic currents (26), or the formation of a 
magnet (34, 36), or the mere approximation of 
a magaet (39, M) ; and is a strong proof in ad- 
dition to those advanced by M. Ampdre, of the 
identity of the agents concerned in these sev- 
eral operations. It probably occurs, momen- 
tarily, during the passage of the common elec- 
tric spark (24), and may perhaps be obtained 
hereafter in bad conductors by weak electrical 
currents or other means (74, 76). 

; 68 . The state appears to be instantly assumed 
( 12 ), requiring hardly a sensible portion of 
time for that purpose. The difference of time 
between volta-electric and magneto-electric in- 
duction, rend^ed evident by the galvanom- 
eter (59), may probably be thus explained. 
When a voltaic current is sent through one of 
ts^^paraUdi wires, as those of the hollow helix 
( 34 )t a eurrm^t is produced in the other wire, as 
brief in its continuance as the time required for 
a adlcm of this kind, and which, by ex- 
pi^imeiit, is found to be inappreciably snmll. 
The action will seem still more instantaneous, 
because, as there is an accumulation of power 
in (he poles of (he battery before contact, the 
6 r 0 t rush of riectrieity in tize wim 
cation is greats than that sustained after the 
is completed; tiie^wire of induction be- 
idlsmB at the moment eiectjro-tonio to an equiv- 
; which the moment after sinks to 

V|h0.l||vto in which the ecmtinucHie current can 
but in sinidng, 


duoed current totMat£Nftpioduedi.3^^^ 
sequence is that the first induced waveof elec- 
tricity more resembles that from the discharge 
of an electric jar than it otherwise would do. 

69. But when the iron cylinder is put into the 
same helix (34), previous to the connexion be- 
ing made with the battery, then the current 
from the latter may be considered as active in 
inducing innumerable currents of a similar land 
to itself in the iron, rendering it a magnet. This 
is known by experiment to occupy time; for a 
magnet so formed, even of soft iron, does not 
rise to its fullest intensity in an instant, and it 
may be because the currents within the iron 
are successive in their formation or arrange- 
ment. But as the magnet can induce, is well as 
the battery current, the combined aiption of 
the two continues to evolve induced electricity, 
until their joint effect is at a maximum, and 
thus the existence of the deflecting forcAis pro- 
longed sufficiently to overcome the inertia of 
the galvanometer needle. 

70. In all those cases where the helices or 
wires are advanced towards or taken from the 
magnet (50, 55), the direct or inverted current 
of induced electricity continues for the time 
occupied in the advance or recession; for the 
electro-tonic state is rising to a higher or filing 
to a lower degree during that time, and the 
change is accompanied by its corresponding 
evolution of electricity; but these form no ob- 
jections to the opinion that the electro-tonic 
state is instantly assumed. 

71. This peculiar state appears to be a state 
of tension, and may be considered as equivalent 
to a current of electricity, at least equal to 
that produced either when the condition is in- 
duced or destroyed. The current evolved, how- 
ever, first or last, is not to be considered a 
measure of the degree of tension to which the 
electro-tonic state has risen; for as the metal 
retains its conducting powers unimpaired (65), 
and as the electricity evolved is but for a mo- 
ment, (the peculiar state being instantly as- 
sumed and lost [68] ), the electricity which may 
be led away by long wire conductors, offering 
obstruction in their substance proportionate to 
their small lateral and extensive linear dimen- 
sions, can be but a very small portion of that 
mlly evolved within the mass at the monient 
it assumes this condition. Insulated helioes and 
portions of metal instantiy assumed the state; 
and no traces of dectricity could be dicpov- 
ered in them, however quickly the oon^t 
with the electrometer was mad^ after they 
weire put under indueticmt either hy the eombt 
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of water or a eMail piece of moietai^ paper 
(28, S3) was obstacle sofficient to stop the cur* 
rent through the oonductbrsi the dectrioity 
evolved returning to a state of equilibrium 
throu^ the metal itself, and consequently in 
an unobserved manner. 

72. The tension of this state may therefore 
be comparati vdy very great. But whether great 
or small, it is hardly conceivable that it should 
exist without exerting a reaction upon the orig- 
inal inducing current, and producing equilib- 
rium of some kind. It mi^t be anticipated 
that this would give rise to a retardation of the 
original current; but I have not been able to 
ascertain that tUs is the case. Neither have I 
in any other way as yet been able to distinguish 
effects attributable to such a reaction. 

73. All the results favour the notion that the 
electro-tonic state relates to the particles, and 
not to the mass, of the wire or substance under 
induction, being in that respect different to the 
induction exerM by electricity of tension. If 
so the state may be assumed in liquids when 
no electrical current is sensible, and even in 
non-conductors; the current itsdf, when it oc- 
curs, being as it were a contingency due to the 
existence of conducting power, and the mo- 
mentary propulsive force exert^ by the par- 
ticles during their arrangement. Even when 
conducting power is equal, the currents of elec- 
tricity, which as yet are the only indicators of 
this st^te, may be unequal, because of differ- 
ences as to numbers, size, electrical condition, 
&c., &c., in the particles themselves. It will 
only be after the laws which govern this new 
state are ascertained, that we shall be able to 
predict what is the true condition of, and what 
are the electrical results obtainable from, any 
particular substance. 

74. The current of electricity which induces 
the electro-tonic state in a neighbouring we, 
probably induces that state also in its own 
wire; for when by a current in one wire a col- 
lateral wire is n^e electro^onic, the latter 
state is not rendered any way incompatible Or 
interfering with a current of electricity passing 
through it (62). If, therefore, the current were 
sent throu^ the second wire instead of the 
first, it does not seem probable that its induc- 
ing action upon the second’ would be less, but 
on the contrary more, because the distance be- 
tween the agent and the matter acted upon 
wcmld be veiygimtly diminished. A copim^ 
had its extremities connected with a galvanom- 
eter, and then the tx^es of a batteqr of one bun* 


dred ipaim of idateeeon the bolt, so 

as to fiend the current tfarOt^ it; the voltaic 
dreuit was then suddenly broken, and the gat- 
vanometer observed lor .imy indications of a 
return current through the copper bolt due to 
the discharge of its supposed electro-tonic states 
No effect of the kind was obtained, nor indeed, 
for two reasons, ought it to be expected; for 
first, as the cessation of induction and the 
discharge of the electro-tonic condition are 
simultaneous, and not successive, the return 
current would only be equivalent to the neu- 
tralization of the last portion of the inducing 
current, and would not therefore show any 
alteration of direction; or assiuning that time 
did intervene, and that the latter current was 
really distinct from the former, its short, sud- 
den character (12, 26) would prevent it from 
being thus recognised. 

75. No difficulty arises, I think, in consider- 
ing the wire thus render^ electro-tonic by its 
own current more than by any external cur- 
rent, especially when the apparent non-inter- 
ference of that state with currents is consid- 
ered (62, 71). The simultaneous existence of 
the conducting and electro-tonic states finds 
an analogy in the manner in which electrical 
currents can be passed through magnets, where 
it is found that both the currents passed, and 
those of the magnets, preserve all their prop- 
erties distinct from each other, and exert their 
mutual actions. 

76. The reason given with regard to metals 
extends also to fluids and all other conductors, 
and leads to the conclusion that when electric 
currents are passed through them th^ also 
assume the dectro-tonic state. Should that 
prove to be the case, its influence in voltaic de- 
composition, and the transference of the eUh 
ments to the poles, can hardly be doubted. In 
the electro-tonic state the homogenoeus partis 
cles of matter appear to have assumed a regu- 
lar but forced electrical arrangement in the di- 
rection of the current, which if the matter be 
undecomposable, produces, when relieved, a 
return current; but in decomposable matter 
this forced state may be sufficient to make an 
elementary particle leave its companion, with 
which it is in a constrained condition, andjoh 
sociate with the nei^bouring similar partiolB, 
in relation to which it is in a more natural oon^ 
dition, theioroed eleotrical arrangement bring 
itsrif discharged or relieved, at tbe same tSme^ 
as effectually as if it had been freed from induc- 
tion. But as the oririiiml voltric cuimtm con- 
tinued, theetectro-tomcstetei^y 



276 FAEABAY SsdbibbI 

rmewei, {xrodueitig the forced arrangement of the latter turned at the moment to take a po» 


the compound particles, to be as instantly dis- 
charged by a transference of the elementary 
particles of the opposite kind in oi^)osite direc- 
tions, but parallel to the current. Even the dif- 
ferences between common and voltaic electric- 
ity, when applied to effect chemical decompo- 
sition, which Dr. Wollaston has pointed out,^ 
se^explicablebythecircumstances connected 
with the induction of electricity from these 
two sources (25). But as I have reserved this 
branch of the inquiry, that I might follow out 
the investigations contained in the present pa- 
per, I refrain (though much tempted) from of- 
fering further speculations. 

77. Marianini has discovered and described 
a peculiar affection of the surfaces of metallic 
discs, when, being in contact with humid con- 
ductors,acurrentofelectricityis passed through 
them; they are then capable of producing a re- 
verse current of electricity, and Marianini has 
well applied the effect in explanation of the 
phenomena of Ritter's piles.^ M. A. de la Rive 
has described a peculiar property acquired by 
metallic conductors, when being immersed in a 
liquid as poles, they have completed, for some 
time, the voltaic circuit, in consequence of 
which, when separated from the battery and 
plunged into the same fluid, they by themselves 
produce an electric current.® M. A, Van Beek 
has detailed cases in which the electrical rela- 
tion of one metal in contact with another has 
been preserved after separation, and accom- 
panied by its corresponding chemical effects.* 
These states and results appear to differ from 
the electro-tonic state and its phenomena; but 
the true relation of the former to the latter can 
only be decided when our knowledge of all 
these phenomena has been enlarged. 

78. 1 had occasion in the commencement of 
f^is paper (2) to refer to an experiment by Am- 
pere, as one of those dependent upon the elec- 
trical induction of currents made prior to the 
present investigation, and have arrived at con- 
clusions which seem to imply doubts of the ac- 
curacy of the experiment (62, Ac.) ; it is tbere- 
fcne due to M. Amp^e that I should attend to 
it more distinctly. When a disc of copper (says 
M. Amp^) was suspended by a silk thread 
and surrounded by a helix or spiral, and when 
the charge of a powerful voltaic battery was 
sent through spiral a strong magnet at the 
same time being presented to the copper disc, 

' i iPkiloiophieal Tralnaactume, 1801, p. 247. 
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sition of equilibrium, exactly as the spiral it- 
sdif would havetumedhad it been free to move. 
I have not been able to obtain this effect, nor 
indeed any motion; but the cause of my failure 
in the latter point may be due to the momen- 
tary existence of the current not allowing time 
for the inertia of the plate to be overcome (11 , 
12). M. Ampdre has perhaps succeeded in ob- 
taining motion from the superior delicacy and 
power of his electro-magnetical apparatus, or 
he may have obtained only the motion due to 
cessation of action. But all my results tend to 
invert the sense of the proposition stated by 
M. Amp^rp, “that a current of electricity tends 
to put the electricity of conductors nckr which 
it passes in motion in the same direcnon,” for 
they indicate an opposite direction fortthe pro- 
duced current (26, 63) ; and they show that the 
effect is momentary, and that it is also pro- 
duced by magnetic induction, and that certain 
other extraordinary effects follow thereupon. 

79. The momentary existence of the phe- 
nomena of induction now described is sufficient 
to furnish abundant reasons for the uncertain- 
ty or failure of the experiments, hitherto made 
to obtain electricity from magnets, or to effect 
chemical decomposition or arrangement by 
their means.® 

80. It also appears capable of explaining fully 
the remarkable phenomena observed by M. 
Arago between metals and magnets when nei- 
ther are moving (120), as well as most of the 
results obtained by Sir John Herschel, Messrs. 
Babbage, Harris, and others, in repeating his 
experiments; accounting at the same time per- 
fectly for what at first appeared inexplicable; 
namely, the non-action of the same metals and 
magnets when at rest. These results, which also 

> The Lycie, No. 36, for January let, has a long 
and rather premature article, in which it endeavours 
to show anticipations by French philosophers of my 
researches. It however mistakes the erroneous re- 
sults of MM. Fresnel and Amp5re for true ones, and 
then imagines my true results are like those errone- 
ous ones. 1 notice it here, however, for the purpose of 
doing honour to Fresnel in a much higher degree 
than would have been merited by a feeble anticipa- 
tion of the present investigations. That great philos- 
opher, at the same time with myself and ^ty other 
persons, made experiments which the present paper 
proves could give no expected result. He was de- 
ceived for the moment, and published his imaginary 
success; but on more carefully repeating his trials, 
he could find no proof of their accuracy; and, in the 
high and pure philosophic desire to remove error as 
well as discover truth, he recanted his first state- 
ment. The example of Berzelius regarding the first 
Thorina is another instance of this fine feeling; and 
as occasions are not rare, it would be to the dignity 
of science if such exampl'eSr were moro frequently 
foUowed.— FelHUiry 10m, 1882. 
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afford the readiest means of obtaining elec- 
tricity from magnetism, I shall now proceed to 
describe. 

§ 4. Explication of Aragons Magnetic 
Phenomena 

81. If a plate of copper be revolved close to a 
magnetic needle, or magnet, suspended in such 
a way that the latter may rotate in a plane 
parallel to that of the former, the magnet tends 
to follow the motion of the plate ; or if the mag- 
net be revolved, the plate tends to follow its 
motion ; and the effect is so powerful, that mag- 
nets or plates of many pounds weight may be 
thus carried round. If the magnet and plate be 
at rest relative to each other, not the slightest 
effect, attractive or repulsive, or of any kind, 
can be observed between them (62). This is the 
phenomenon discovered by M. Arago; and he 
states that the effect takes place not only with 
all metals, but with solids, liquids, and even 
gases, i.e., with all substances (130). 

82. Mr. Babbage and Sir John Herschel, on 
conjointly repeating the experiments in this 
country,^ could obtain the effects only with the 
metals, and with carbon in a peculiar state 
(from gas retorts), i.e., only with excellent con- 
ductors of electricity. They refer the effect to 
magnetism induced in the plate by the mag- 
net; the pole of the latter causing an opposite 
pole in the nearest part of the plate, and round 
this a more diffuse polarity of its own kind 
(120). The essential circumstance in producing 
the rotation of the suspended magnet is, that 
the substance revolving below it shall acquire 
and lose its magnetism in sensible time, and 
not instantly (124). This theory refers the ef- 
fect to an attractive force, and is not agreed to 
by the discoverer, M. Arago, nor by M. Am- 
pere, who quote against it the absence of all 
attraction when the magnet and metal are at 
rest (62, 126), although the induced magnetism 
should still remain; and who, from experiments 
made with a long dipping-needle, conceive the 
action to be always repulsive (125). 

83. Upon obtaining electricity from magnets 
by the means already described (36, 46), I 
hoped to make the experiment of M. Arago a 
new source of electricity; and did not despair, 
by reference to terrestrial magneto-electric in- 
duction, of being able to construct a new elec- 
trical machine. Thus stimulated, numerous ex- 
periments were made with the magnet of the 
Royal Society at Mr. Christie's house, in all of 
which I had the advantage of bis assistance. As 

* PhUototMotd STranaocttOfM, 1825i P« 467. 
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many of these were in the course of the investi- 
gation supe^eded by more perfect arrange- 
ments, I i^all consider myself at liberty to re- 
arrange them in a manner calculated to convey 
most readily what appears to me to be a cor- 
rect view of the nature of the phenomena. 

84. The magnet has been already described 
(44). To concentrate the poles, and bring them 
nearer to each other, two iron or steel bars, 
each about six or seven inches long, one inch 
wide, and half an inch thick, were put across 
the poles as in PI. I, Fig. 7, and being support- 
ed by twine from slipping, could be placed as 
near to or far from each other as was required. 
Occasionally two bars of soft iron were em- 
ployed, so bent that when applied, one to each 
pole, the two smaller resulting poles were ver- 
tically over each other, either being uppermost 
at pleasure. 

85. A disc of copper, twelve inches in diam- 
eter, and about one-fifth of an inch in thickness, 
fixed upon a brass axis, was mounted in frames 
so as to allow of revolution either vertically or 
horizontally, its edge being at the same time 
introduced more or less between the magnetic 
poles PI. I, {Fig. 7). The edge of the plate was 
well-amalgamated for the purpose of obtaining 
a good but moveable contact, and a part round 
the axis was also prepared in a similar manner. 

86. Conductors or electric collectors of cop- 
per and lead were constructed so as to come in 
contact with the edge of the copper disc (85), 
or with other forms of plates hereafter to be 
described (101). These conductors were about 
four inches long, one-third of an inch wide, and 
one-fifth of an inch thick; one end of each was 
slightly grooved, to allow of more exact adap- 
tation to the somewhat convex edge of the 
plates, and then amalgamated. Copper wires, 
one-sixteenth of an inch in thickness, attached, 
in the ordinary manner, by convolutions to the 
other ends of these conductors, passed away to 
the galvanometer. 

87. The galvanometer was roughly made, yet 
sufficiently delicate in its indications. The wire 
was of copper covered with silk, and made six- 
teen or eighteen convolutions. Two sewing- 
needles were magnetized and fixed on to a stem 
of dried grass parallel to each other, but in op- 
posite directions, and about half an inch apart; 
this system was suspended by a fibre of unspun 
silk, BO that the lower needle should be between 
the convolutions of the multiplier, and the up- 
per above them. The latter was by much the 
most poweijFul magnet, and gave terrestrial di- 
rection to the whole; PL 1, Fig. 8. represents 
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the dir^on of the ime and of ^the needles 
when the ixistmment was placed m the m&g^ 
netic ilneridiaii : theendsof the wiresazeznark^ 
A and B for convenient reference hereafter. 
The letters S and N designate the south and 
north ends of the needle when affected merely 
by terrestrial magnetism; the end N is there- 
fore the marked pole (44). The whole instru- 
ment was protect^ by a glass jar, and stood, 
as to position and distance relative to the large 
magnet, under the same circumstances as be- 
fore (45). 

88. All these arrangements being made, the 
copper disc was adjusted as in PL I, Fig, 7, the 
small magnetic poles being about half an inch 
apart, and the edge of the plate inserted about 
half their width between them. One of the gal- 
vanometer wires was passed twice or thrice 
loosely round the brass axis of the plate, and 
the o^er attached to a conductor (86), which 
itsdf was retained by the hand in contact with 
the amalgamated edge of the disc at the part 
immediately between the magnetic poles. Un- 
der these circumstances ail was quiescent, and 
the galvanometer exhibited no effect. But the 
instant the plate moved, the galvanometer was 
influenced, and by revolving the plate quickly 
the needle could be deflect^ 90® or more. 

89. It was difficult under the circumstances 
to make the contact between the conductor 
and the edge of the revolving disc uniformly 
good and extensive; it was also difficult in the 
first experiments to obtain a regular velocity 
of rotation: both these causes tended to retain 
the needle in a continual state of vibration ; but 
no difficulty existed in ascertaining to which 
side it was deflected, or generally, about what 
line it vibrated. Afterwards, when the experi- 
ments were made more carefully, a permanent 
deflection of the needle of nearly 45® could be 
sustamed. 

90. Here therefore was demonstrated the 
production of a permanent current of electri- 
city by ordinary magnets (67). 

91. When the motion of tlm disc was reversed, 
every other circumstance remaining the same, 
the galvanometer needle was deflected with 
equal power as before; but the deflection was 
on the opposite side, and the current of elec- 
tricity evolved, therefore, the reverse of the 
former. 

92. When the conductor was placed on the 
edge of the disc a little to tile rig^t or left, as in 
the dotted positions PI. I, Fig. P, the current of 
electricity was still evolved, and in the same 
diiect^ seiat first (88, 91)«.This occurred to a 


conmderaUe i4i., filP or on each 

ride of the: place of the magnribic poles. The 
current gathered by the co^uotor and con- 
veyed to the galvanometer was of the same 
kind on both sides of the place of greatest in- 
tensity, but gradually diminished in force from 
that place. It appeal^ to be equally powesrful 
at ^ual distances from the place of tbe mag- 
netic poles, not being affect^ in that respect 
by the direction of the rotation. When the ro- 
tation of the disc was reversed, the direction oi 
the current of electricity was reversed also ; but 
the other circumstances were not affected* 

93. On raising the plate, so that the magnetic 
poles were entirely hidden from each other by 
its intervention, (a, PL I, Fig, W), the same 
effects were produced in the same order, and 
with equal intensity as before. On raising it stiU 
higher, so as to bring the place of the ^es to 
c, still theeffects were produced, andapparently 
with as much power as at first. 

94. When the conductor was held against the 
edge as if fixed to it, and with it moved be- 
tween the poles, even though but for a few de- 
grees, the galvanometer needle moved and in- 
fficated a current of electricity, the same as 
that which would have been produced if the 
wheel had revolved in the same direction, the 
conductor remaining stationary. 

95. When the galvanometer connexion with 
the axis was broken, and its wires made fast to 
two conductors, botix applied to the edge of the 
copper disc, then currents of electricity were 
pr^uced, presentingmorecomplicatedappear* 
ances, but in perfect harmony with the above 
results. Thus, if applied as in PL 1, Fig. 11, a 
current of electricity through the galvanom- 
eter was produced; but if their place was a little 
shifted, as in PL I, Fig. 12, a current in the 
contrary direction resulted ; ^e fact being, that 
in the first instance the galvanometer indi- 
cated the difference between a strong current 
through A and a weak one through B, and in 
the second, of a weak current through A and a 
strong one through B (92), and themfore pro- 
duced opposite d^betions. 

96. So also when tiie two conductors wese 
equidistant from the magnetic poles, as in H. 
II, Fig, 1, no current at the galvanometer vm# 
perceived, whichever way the disp was rotated, 
beyond what was momentarily produced hy Ir- 
regularity of contact; because 

in the same direction tended to pass into bntii; 
But when the two conductors were criomected 
with mie whe, aiid the a»8 with the 
(H, II, Pig. i) &en the frivaimmetajr riiowad 
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a current aecording with the direction of rota^ 
tion (91) ^both conductors now acting consen- 
taneouslyi and as a single conductor did be- 
fore (88). 

! 97. All these effects could be obtained when 
only one of the poles of the magnet was brought 
near to the plate; they were of the same kind 
as to direction, Ac., but by no means so pow- 
erful. 

98. All care was taken to render these results 
independent of the earth’s magnetism, or of 
the mutual magnetism of the magnet and gal- 
vanometer needles. The contacts were made in 
the magnetic equator of the plate, and at other 
parts; the plate was placed horizontally, and 
the poles vertically; and other precautions 
were taken. Rut the absence of any interfer- 
ence of the kind referred to, was readily shown 
by the want of all effect when the disc was re- 
moved from the poles, or the poles from the 
disc; every other circumstance remaining the 
same. 

99. The relation of the current of electricity 
produced, to the magnetic pole, to the direc- 
tion of rotation of the plate, Ac., Ac., may be 
expressed by saying, that when the unmarked 
pole (44, 84) is beneath the edge of the plate, 
and the latter revolves horizontally, screw- 
fashion, the electricity which can be collected 
at the edge of the plate nearest to the pole is 
positive. As the pole of the earth may mentally 
be considered the unmarked pole, this relation 
of the rotation, the pole, and the electricity 
evolved, is not difficult to remember. Or if, in 
PI. II, Fig, 3, the circle represent the copper 
disc revolving in the direction of the arrows, 
and a the outline of the unmarked pole placed 
beneath the plate, then the electricity collect- 
ed at 6 and the neighbouring parts is positive, 
whilst that collected at the centre c and other 
parts is negative (88) . The currents in the plate 
are therefore from the centre by the magnetic 
poles towards the circumference. 

100. If the marked pole be placed above, all 
other things remaining the same, the electri- 
city at b, PI. II, Fig, S, is still positive. If the 
marked pole be placed below, or the unmarked 
pole above, the electricity is reversed. If the 
direction of revolution in any case is reversed, 
the electricity is also reversed. 

101. It is now evident that the rotating plate 
is merely another form of the simpler experi- 
inentof passing a piece of metal between the 
magnetb poles in a rectilinear direction, and 
that in each cases currents of electricity are 
p^diiced at right anises to the direction of the 


motion, and crossing it at the place of the mag- 
netic pole or poles. This was sufficiently shown 
by the following simple experiment: A piece of 
copper plate one-fifth of an inch thick, one inch 
and a half wide, and twelve inches long, being 
amalgamated at the edges, was placed between 
the magnetic poles, whilst the two conductors 
from the galvanometer were held in contact 
with its edges; it was then drawn through be- 
tween the poles of the conductors in the direc- 
tion of the arrow, PL II, Fig. 4; immediately 
the galvanometer needle was deflected, its north 
or marked end passed eastward, indicating that 
the wire A received negative and the wire B 
positive electricity; and as the marked pole 
was above, the result is in perfect accordance 
with the effect obtained by the rotatory plate 
(99). \ 

102. On reversing the motion of th4 plate, 
the needle at the galvanometer was deflected 
in the opposite direction, showing an op^site 
current. 

103. To render evident the character of the 
electrical current existing in various parts of 
the moving copper plate, diffenng in their re- 
lation to the inducing poles, one collector (86) 
only was applied at the part to be examined 
near to the pole, the other being connected 
with the end of the plate as the most neutral 
place: the results are given at PL II, Figs. 5-8, 
the marked pole being above the plate. In Fig. 
5, B received positive electricity; but the plate 
moving in the same direction, it received on 
the opposite side. Fig. 6, negative electricity: 
reversing the motion of the latter, as in Fig. 
8, B received positive electricity; or reversing 
the motion of the first arrangement, that of 
Fig. 5 to Fig. 7, B received negative electricity. 

104. When the plates were previously re- 
moved sideways from between the magnets, as 
in PL II, Fig. 8, so as to be quite out of the po- 
lar axis, still the same effects were produced, 
though not so strongly. 

105. When the magnetic poles were in con- 
tact, and the copper plate was drawn between 
the conductors near to the place, there was but 
very little effect produced. When the poles 
were opened by the width of a card, the effect 
was somewhat more^ but still very small. 

106. When an amalgamated copper wire, 
one-eighth of an inch thick, was drawn through 
between the conductors and poles (101), it pro- 
duced a very considerable effect, thou^ not so 
much as the plates. 

107. If the conductors were held permanent- 
ly against any particular parts of the copper 
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plates, and earned between ike magnetic poles 
with them, effects the same as those described 
were produced, in accordance with the results 
obtained with the revolving disc (94). 

108. On the conductors being held against 
the ends of the plates, and the latter then passed 
between themagnetic poles, in a direction trans- 
verse to their length, the same effects were 
produced (PL II, Fig. 10). The parts of the 
plates towards the end may be considered either 
as mere conductors, or as portions of metal in 
which the electrical current is excited, accord- 
ing to their distance and the strength of the 
magnet; but the results were in perfect har- 
mony with those before obtained. The effect 
was as strong as when the conductors were held 
against the sides of the plate (101). 

109. When a mere wire, connected with the 
galvanometer so as to form a complete circuit, 
was passed through between the poles, the gal- 
vanometer was affected; and upon moving the 
wire to and fro, so as to make the alternate im- 
pulses produced correspond with the vibra- 
tions of the needle, the latter could be increased 
to 20® or 30® on each side of the magnetic me- 
ridian. 

110. Upon connecting the ends of a plate of 
metal with the galvanometer wires, and then 
carrying it between the poles from end to end 
(as in PI. II, Fig. f i), in either direction, no ef- 
fect whatever was produced upon the galva- 
nometer. But the moment the motion became 
transverse, the needle was deflected. 

111. These effects were also obtained from 
ekctrchmagnetic poles, resulting from the use of 
copper helices or spirals, either alone or with 
iron cores (34, 54). The directions of the mo- 
tions were precisely the same; but the action 
was much greater when the iron cores were 
used, than without. 

112. When a flat spiral was passed through 
edgewise between the poles, a curious action at 
the galvanometer resulted ; the needle first went 
strongly one way, but then suddenly stopped, 
as if it struck against some solid obstacle, and 
immediately returned. If the spiral were passed 
through from above downwards, or from below 
upwards, still the motion of the needle was in 
the same direction, then suddenly stopped, and 
then was reversed. But on turning the spiral 
half-way round, i.e.,edge for edge, then the di- 
rections of the motions were reversed, but still 
Were suddenly interrupted and inverted as be- 
fore. This double action depends upon the 
halves of the spiral (divided by a line passing 
through its centre perpendicular to the direc- 


tion of its motion) acting in opposite direc- 
tions; and the reason why the ne^le went to 
the same side, whether the spiral passed by 
the poles in the one or the other direction, was 
the circumstance, that upon changing the mo^ 
tion, the direction of the wires in the approach- 
ing half of the spiral was changed also. The ef- 
fects, curious as they appear when witnessed, 
are immediately referable to the action of sin- 
gle wires (40, 109). 

113. Although the experiments with the re- 
volving plate, wires, and plates of metal, were 
first successfully made with the large magnet 
belonging to the Royal Society, yet they were 
all ultimately repeated with a couple of bar 
magnets two feet long, one inch and a half 
wide, and half an inch thick; and, by render- 
ing the galvanometer (87) a little more deli- 
cate, with the most striking results. Ferro- 
electro-magnets, as those of Moll, Henry, &c. 
(57), are very powerful. It is very essential, 
when making experiments on different sub- 
stances, that thermo-electric effects (produced 
by contact of the fingers, &c.) be avoided, or at 
least appreciated and accounted for; they are 
easily distinguished by their permanency, and 
their independence of the magnets, or of the 
direction of the motion. 

114. The relation which holds between the 
magnetic pole, the moving wire or metal, and 
the direction of the current evolved, i.e,, the 
law which governs the evolution of electricity 
by magneto-electric induction, is very simple, 
although rather difficult to express. If in PL II, 
Fig. 12, PN represent a horizontal wire passing 
by a marked magnetic pole, so that the direc- 
tion of its motion shall coincide with the curved 
line proceeding from below upwards; or if its 
motion parallel to itself be in a line tangential 
to the curved line, but in the general direction 
of the arrows; or if it pass the pole in other di- 
rections, but so as to cut the magnetic curves^ 
in the same general direction, or on the same 
side as they would be cut by the wire if moving 
along the dotted curved line— -then the cur- 
rent of electricity in the wire is from P to N. 
If it be carried in the reverse directions, the 
electric current will be from N to P. Or if the 
wire be in the vertical position, figured F N', 
and it be carried in similar directions, ooincidr 
ing with the dotted horizontal curve so l^r, as 
to cut the magnetic curves on the same side 

1 By magaetio curves, I mean the lin^ of mag- 
neiAc forces, however modified by the fuxta^msitioii 
of poles, which would be depicted by iron fiTings, or 
those to which a very smail magnetic needle would 
form a tangent. 
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lime be oonsideireda tongent to the curved sur- 
face of the cylindrical magnet, and it be carried 
round that surface into any other position, or 
if the magnet itself be revolved on its axis, so 
as to bring any part opposite to the tangential 
wire— still, if afterwards the wire be moved in 
the directions indicated, the current of elec- 
tricity will be from P to N ; or if it be moved in 
the opposite direction, from N to P; so that as 
regards the motions of the wire past the pole, 
they may be reduced to two, directly opposite 
to each other, one of which produces a current 
from P to N, and the other from N to P. 

115. The same holds true of the unmarked 
pole of the magnet, except that if it be substi- 
tuted for the one in the figure, then, as the 
wires are moved in the direction of the arrows, 
the current of electricity would be from N to 
P, and when they move in the reverse direc- 
tion, from P to N. 

116. Hence the current of electricity which 
is excited in metal when moving in the neigh- 
bourhood of a magnet, depends for its direc- 
tion altogether upon the ration of the metal 
to the resultant of magnetic action, or to the 
magnetic curves, and may be expressed in a 
popular way thus: Let A B (Pl.II,Ft^. 15) rep- 
resent a cylinder magnet, A being the marked 
pole, and B the unmark^ pole; let P N be a 
silver knife-blade, resting across the magnet 
with its edge upward, and with its marked or 
notched side towards the pole A; then in what- 
ever direction or position this knife be moved 
edge foremost, either about the marked or the 
unmarked pole, the current of electricity pro- 
duced will be from P to N, provided the inter- 
sected curves proceeding from A abut upon 
the notched surface of the knife, and those 
from B upon the unnotched side. Or if the knife 
be moved with its back foremost, the current 
will be from N to P in every possible position 
and direction, provided the intersected curves 
abut on the same surfaces as before. A little 
model is easily constructed, by using a cylinder 
of wood for a magnet, a fiat piece for the blade, 
and a piece of thread connecting one end of 
ibecylmd6rwiththeother,andpassingthrougb 
a hole in the blade, for the magnetic curves: 
this readily gives the result of any possible di- 
rection. 

J17. When the wire under induction is pass- 
ing by an electro-magnetic pole, as for instance 
Cttmend of a copper hebx traversed by the eleo- 
current (34), the direction of the current in 
Win aMiroaching wire is the same with of 
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the current in the parts or sidte of the,B{nraIs 
nearest to it, and in the receding wire the re- 
verse of that in the parts nearest to it. 

118. All these results show that the power of 
inducing electric currents is circumferentially 
exerted by a magnetic resultant or axis of pow- 
er, just as circumferential magnetism is de- 
pendent upon and is exhibited by an electric 
current. 

119. The experiments described combine to 
prove that when a piece of metal (and the same 
may be true of all conducting matter [213]) is 
passed either before a single pole, or between 
the opposite poles of a magnet, or near electro^ 
magnetic) '{ibles, whether ferruginous or not, 
electrical currents are produced acrosathe met- 
al transverse to the direction of motion; and 
which therefore, in Aragons experiments, will 
approximate towards the direction of mdii. If 
a single wire be moved like the spone of a 
wheel near a magnetic pole, a current ot elec- 
tricity IS determined through it from one end 
towards the other. If a wheel be imagined, 
constructed of a great number of these radii, 
and this revolved near the pole, in the manner 
of the copper disc (85), each radius will have a 
current produced in it as it passes by the pole. 
If the radii be supposed to be in contact later- 
ally, a copper disc results, in which the direc- 
tions of the currents will be generally the same, 
bemg modified only by the coaction which can 
take place between the particles, now that 
they are in metallic contact. 

120. Now that the existence of these currents 
is known, Arago’s phenomena noiay be account- 
ed for without considering them as due to the 
formation in the copper, of a pole of the oppos- 
ite kind to that approximated, surrounded by 
a diffuse polarity of the same kind (82) ; neither 
is it essential that the plate should acquire and 
lose its state in a finite time; nor on the other 
hand does it seem necessary that any repulsive 
force should be admitted as the cause of the ro- 
tation (82). 

121. The effect is precisely of the same kind 
as the electro-magnetic rotations which 1 had 
the good fortune to discover some years ago.^ 
According to the experiments then>i^e which 
have since been abundantly confirmed, if B 
wire P N, (PL 11, Fig, 14) be connected with 
tile positive and negative ends of a voltaic bat- 
tery, so that the positive dectricity shall pass 
from P to N , and a marked magnetic pole N be 
placed near the wire between it and the spee- 

1 QuorMy gei9fio«,y 74, 106, 

416, 283. 
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wire will move tangentially towarde the left^ 
according to the directions of the arrows. This 
is exactly what takes place in the rotation of a 
plate beneath a magnetic pole; for let N (PL 
II, Fig. Id) be a marked pole above the circu- 
lar plate, the latter being rotated in the direc- 
tion of the arrow: immediately currents of pos- 
itive electricity set from the central parts in 
the general direction of the radii by the pole 
to the parts of the circumference a on the other 
side of that pole (99, 119), and are therefore 
exactly in the same relation to it as the current 
in the wire (PN, Fig. 1 4 ) , and therefore the pole 
in the same manner moves to the right hand. 

122. If the rotation of the disc be reversed, 
the electric currents are reversed (91), and the 
pole therefore moves to the left hand. If the 
contrary pole be employed, the effects are the 
same, i. e. in the same direction, because cur- 
rents of electricity, the reverse of those de- 
scribed, are produced, and by reversing both 
poles and currents, the visible effects remain 
unchanged. In whatever position the axis of 
the magnet be placed, provided the same pole 
be applied to the same side of the plate, the 
electric current produced is in the same direc- 
tion, in consistency with the law already stat- 
ed (114, &G.) ; and thus every circumstance re- 
garding the direction of the motion may be ex- 
plained. 

123. These currents are discharged or return 
in the parts of the plate on each side of and 
more distant from the place of the pole, where, 
of course, the magnetic induction is weaker; 
and when the collectors are applied, and a cur- 
rent of electricity is carried away to the gal- 
vanometer (88), the deflection there is merely 
a repetition, by the same current or part of it, 
of the effect of rotation in the magnet over the 
plate itself. 

124. It is under the point of view just put 
forth that I have ventured to say it is not nec- 
essary that the plate should acquire and lose 
its state in a finite time (120) ; for if it were pos- 
sible for the current to be fully developed the 
instant before it arrived at its state of nearest 
approximation to the vertical pole of the mag- 
net, instead of opposite to or a little beyond it, 
still the relative motion of the pole and plate 
would be the same, the resulting force being in 
fact tangential instead of direct. 

12fii But it is possibie (thous^ not necessary 
for the i^tallon) that time may be re(|uired for 
the devstopment of the maximum current in 


theidate, in vhidL ceee theieeultant pf aQ % 
f orces would be in advance of the magnet when, 
the plate is rotated, or in the rear of ^ mag^ 
net when the latter is rotated, and many of the 
effects with pure electrcHmagnetic poles teod 
to prove this is the case. Then, the tangential 
force may be resolved into two others, one par- 
allel to the plane of rotation, and the other per- 
pendicular to it; the former would be the force 
exerted in making the plate revolve with the 
magnet, or the magnet with the plate; the lat- 
ter would be a repulsive force, and is probably 
that, the effects of which M. Arago has also 
discovered (82). 

126. The extraordinary circumstance accom- 
panying this action, which has seemed so inex- 
plicable, namely, the cessation of all phenom- 
ena when the magnet and metal are brouglit to 
rest, now receives a full explanation (82); for 
then the electrical currents which cause the 
motion cease altogether. 

127. All the effects of solution of metalUc 
continuity, and the consequent diminution of 
power described by Messrs. Babbage and Her- 
schel,^ now receive their natural explanation, 
as well also as the resumption of power when 
the cuts were filled up by metallic substances, 
which, though conductors of electricity, were 
themselves very deficient in the power of in- 
fluencing magnets. And new modes of cutting 
the plate may be devised, which shall almost 
entirely destroy its power. Thus, if a copp^ 
plate (81) be cut through at about a fifth or 
sixth of its diameter from the edge, so as to sep- 
arate a ring from it, and this ring be again 
fastened on, but with a thickness of paper inter- 
vening (PL 11, Fig. 17)^ and if Arago’s experir 
.ment be made with this compound plate so ad- 
justed that the section shall continually travel 
opposite the pole, it is evident that the mag- 
netic currents will be greatly interfered with, 
and the plate probably lose much of its effect.^ 

An elementary result of this kind was ob- 
tmned by using two pieces of thick copper, 
leaped as in Fig. 16. When the two nri^bqtu^ 
ing edges were amalgamated and put together, 
and the arrangem^t passed between the poifm 
of the magnet, in a direction paralld to 
edges, a current was urged throu^ thq 
attach to theouter an^es, and the galvmM^ 
eter became strongly affected; but when 
glefilm of paper was interposed, and the 

tPhOoaopkieta TranaaeUonB. 1825. p. 46L ! ! 

> Tlte experiment has aotually been made bar llr. 
Cfarietie, with the reauite here deeoribed, le be- 
oorded in the PhilMiophiioal Tromaeiioms for I827, 
P.S2. 
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iment repeated, no sensible effect could be pro- 
duced. 

128. A section of this kind could not inter- 
fere much with the induction of magnetism, 
supposed to be of the nature ordinarily re- 
ceived by iron. 

129. The effect of rotation or deflection of 
the needle, which M. Arago obtained by ordi- 
nary magnets, M. Ampere succeeded in pro- 
curing by electro-magnets. This is perfectly in 
harmony with the results relative to volta- 
electric and magneto-electric induction de- 
scribed in this paper. And by using flat spirals 
of copper wire, through which electric currents 
were sent, in place of ordinary magnetic poles 
(111), sometimes applying a single one to one 
side of the rotating plate, and sometimes two 
to opposite sides, I obtained the induced cur- 
rents of electricity from the plate itself, and 
could lead them away to, and ascertain their 
existence by, the galvanometer. 

130. The cause which has now been assigned 
for the rotation in Arago’s experiment, name- 
ly, the production of electrical currents, seems 
abundantly sufficient in all cases where the 
metals, or perhaps even other conductors, are 
concerned; but with regard to such bodies as 
glass, resins, and, above all, gases, it seems im- 
possible that currents of electricity, capable of 
pnxiucing these effects, should be generated in 
them. Yet Arago found that the effects in 
question were produced by these and by all 
bodies tried (81). Messrs. Babbage and Her- 
schel, it is true, did not observe them with any 
substance not metallic, except carbon, in a 
highly conducting state (82). Mr. Harris has 
ascertained their occurrence with wood, mar- 
ble, freestone and annealed glass, but obtained 
no effect with sulphuric acid and saturated so- 
lution of sulphate of iron, although these are 
better conductors of electricity than the former 
substances. 

131. Future investigations will no doubt ex- 
plain these difficulties, and decide the point 
whether the retarding or dragging action spok- 
en of is always simultaneous with electric cur- 
rents.^ The existence of the action in metals, 
only whilst the currents exist, i.e., whilst mo- 
tion is jgiven (82, 88), and the explication of 

repulsive action observed by M. Arago 

1 Experiments which I have since made convince 
me that this particular action is always due to the 
Metrical currents formed; and they supply a test 
w Which it may be distinguished from the action of 
^dinary magnetism, or any other cause, including 
«l»06e wmeh are mechaaimu or irregular, producing 
mmUar effeete (254). 


(82, 125), are powerful reasons for referring it 
to this cause; but it may be cmnbined with 
others which occasionally act alone. 

132. Copper, iron, tin, zinc, lead, mercury, 
and all the metals tried, produced electrical 
currents when passed between the magnetic 
poles: the mercury was put into a glass tube 
for the purpose. The dense carbon deposited in 
coal gas retorts, also produced the current, but 
ordinary charcoal did not. Neither could I ob- 
tain any sensible effects with brine, sulphuric 
acid, saline solutions, &c., whether rotated in 
basins, or inclosed in tubes and passed between 
the poles. 

133. 1 have never been able to produce any 
sensation upon the tongue by the wires con- 
nected with the conductors applied to the edges 
of the revolving plate (88) or slips oi metal 
(101). Nor have I been able to heat a fine plat- 
ina wire, or produce a spark, or convulse the 
limbs of a frog. I have failed also to produce 
any chemical effects by electricity thus evolved 
(22, 56). 

134. As the electric current in the revolving 
copper plate occupies but a small space, pro- 
ceeding by the poles and being discharged right 
and left at very small distances comparatively 
(123) ; and as it exists in a thick mass of metal 
possessing almost the highest conducting J)ow- 
er of any, and consequently offering extraor- 
dinary facility for its production and discharge; 
and as, notwithstanding this, considerable cur- 
rents may be drawn off which can pass through 
narrow wires, forty, fifty, sixty, or even one 
hundred feet long; it is evident that the cur- 
rent existing in the plate itself must be a very 
powerful one, when the rotation is rapid and 
the magnet strong. This is also abundantly 
proved by the obedience and readiness with 
which a magnet ten or twelve pounds in weight 
follows the motion of the plate and will strong- 
ly twist up the cord by which it is suspended. 

135. Two rough trials were made with the in- 
tention of constructing tnagneUhekctric mor 
chines. In one, a ring one inch and a half broad 
and twelve inches external diameter, cut from 
a thick copper plate, was mounted so as to re- 
volve between the poles of the magnet and rep- 
resent a plate similar to those formerly used 
(101), but of interminable length; the inner 
and outer edges were amalgamated, and the 
conductors applied one to each edge, at the 
place of the magnetic poles. The current of 
electricity evolved did not appear by the gal- 
vanometer to be stronger, if so stitmgi as 
from the circular plate (%}. 
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136. In the other, small thick discs of copper 
or other metal, half an inch in diameter, were 
revolved rapidly near to the poles, but with 
the axis of rotation out of the polar axis; the 
electricity evolved was collected by conductors 
applied as before to the edges (86). Currents 
were procured, but of strength much inferior 
to that produced by the circular plate. 

137. The latter experiment is analogous to 
those made by Mr. Barlow with a rotatmg iron 
shell, subject to the influence of the earth.^ The 
effects obtained by him have been referred by 
Messrs. Babbage and Herschel to the same 
cause as that considered as influential in Ara- 
go’s experiment,* but it would be interesting 
to know how far the electric current which 
might be produced in the experiment would ac- 
count for the deflexion of the needle. The mere 
inversion of a copper wire six or seven times 
near the poles of the magnet, and isochronous- 
ly with the vibrations of the galvanometer 
needle connected with it, was sufficient to make 
the needle vibrate through an arc of 60® or 70®. 
The rotation of a copper shell would perhaps 
decide the point, and might even throw light 
upon the more permanent, though somewhat 
analogous effects obtained by Mr. Christie. 

138. The remark which has already been 
made respecting iron (66), and the independ- 
ence of the ordinary magnetical phenomena of 
that substance and the phenomena now de- 
scribed of magneto-electric induction in that 
and other metals, was fully confirmed by many 
results of the kind detailed in this section. 
When an iron plate similar to the copper one 
formerly described (101) was passed between 
the magnetic poles, it gave a current of elec- 
tricity like the copper plate, but decidedly of 
less power; and in the experiments upon the in- 
duction of electric currents (9), no difference 
in the kind of action between iron and other 
metals could be perceived. The power there- 
fore of an iron plate to drag a magnet after it, 
or to intercept magnetic action, should be care- 
fully distinguished from the similar power of 
such metals as silver, copper, &c., &c., inas- 
much as in the iron by far the greater part of 
the effect is due to what may be called ordi- 
nary magnetic action. There can be no doubt 
that the cause assigned by Messrs. Babbage 
and Herschel in explication of Arago’s phenom- 
ena is the true one, when iron is the metal used. 

1 PhUmoj^ical TranaaeUon$, 1825, p. 317. 

1826, p. 485. 


139. The very feeble powers which werefound 
by those philosophers to belong to bismuth 
and antimony, when moving, of affecting the 
suspended magnet, and which has been con** 
firmed by Mr. Harris, seem at first dispropor- 
tionate to their conducting powers; whether it 
be so or not must be decided by future experi- 
ment (73) .* These metals are highly crystalline, 
and probably conduct electricity with different 
degrees of facility in different directions; and 
it is not unlikely that where a mass is made up 
of a number of crystals heterogeneously assoc- 
iated, an effect approaching to that of actual 
division may occur (127); or the currents of 
electricity may become more suddenly deflect- 
ed at the confines of similar cr 3 rstalline arrange- 
ments, and so be more readily and completely 
discharged within the mass. 

Royal Institution^ November 1831. 

Note. In consequence of the long period which has 
intervened between the reading and printing of the 
foregoing paper, accounts of the experiments have 
been dispersed, and, through a letter of my own to 
M. Hachette, have reached France and Italy. That 
letter was translated (with some errors), and read to 
the Academy of Sciences at Paris, 26th December, 
1831. A copy of it in Le Temps of the 28th December 
quickly reached Signor Nobili, who, with Signor An- 
tinori, immediately experimented upon the subject, 
and obtained many of the results mentioned in my 
letter; others they could not obtain or understand, 
because of the brevity of my account. These resultB 
by Signor Nobili and Antinori have been embodied 
in a paper dated 31st January, 1832, and printed 
and published in the number of the Antoloffia dated 
November, 1831 (according at least to the copy of 
the paper kindly sent me by Signor Nobili) . It is evi- 
dent the work could not have been then printed; and 
though Signor Nobili, in his paper, has inserted my 
letter as the text of his experiments, yet the circum- 
stance of back date has caused many here, who have 
heard of Nobili^s experiments by report only, to im- 
agine his results were anterior to, instead of being 
dependent upon, mine. 

1 may be aUowed under these circumstances to re- 
mark, that I experimented on this subject several 
years ago, and have published results. (See Quarterly 
Journal of Science for July, 1825, p. 338.) The follow- 
ing also is an extract from my note-book, dated No- 
vember 28, 1826: * 'Experiments on induction by 
connecting wire of voltaic battery: a battery of four 
troughs, ten pairs of plates, each arranged side by 
side — the poles connected by a wire about four fe^ 
long, parallel to which was another similar wire sep- 
arated from it only by two thicknesses of paper, the 
ends of the latter were attached to a galvanometer: 
exhibited no action, &c., &o., Could not in any 
way render any induction evident from the connect- 
ing wire.*' The cause of failure at that time is new 
evident (79).— M. F. April, 1882. / 

* 1 have since been able to explain these differ^ 
ences, and prove, with several metals, that the effect 
is in the order of the conducting power; for lihavs 
been able to obtmn, by magneto-^eotrio induetion, 
currents of electricity which are proportionate in 
strength to the conducting power of uie bodies ex- 
perimented with (211). 
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$ 6. Terrettrid Magneto-electrie Induction 

140. When the general facts described in the 
fonsoer paper were discovered, and the law of 
magneto-electric induction relative to direction 
was ascertained (114), it was not difficult to 
perceive that the earth would produce the same 
effect as a magnet, and to an extent that would, 
perhaps, render it available in the construc- 
tion of new electrical machines. The following 
are some of the results obtained in pursuance 
of this view. 

141. The hollow helix already described (6) 
was connected vrith a galvanometer by wires 
^ght feet long; and the soft iron cylinder (34) 
after being heated red-hot and slowly cooled, 
to remove all traces of magnetism, was put into 
the helix so as to project equally at both ends, 
and fixed there. The combined helix and bar 
were held in ihe magnetic direction or line of 
(fip, and (the galvanometer needle being mo- 
tioffiess) were then inverted, so that the lower 
md should become the upper, but the whole 
still correspond to the magnetic direction; the 
needle was immediately dedected. As the lat- 
ter returned to its first position, the helix and 
bar were again inverted; and by doing this two 
tft tiuee times, making the inversions and vi- 
brations to coincide, the needle swung through 
an arc of 15(f or 1^. 

142. When one end of the helix, which may 
be called A, was uppermost at first (B end con- 
sequntiy bong bdow), then it mattered not 
in which direction it proceeded during the 
Inverkion, whether to the right hand or left 
hand, or through other course: still the 
gtiivantnneter needle passed in the same di- 
reeticHL Again, when B end was uppermost, 
tha inversion of the helix and bar in any di- 

; Mctiom always caused tiie needle to be de- 
one way; that way being theoppoedte 
, to w course of the deflection in the former 
’ efep. 

142. When the htiix with its iron core in any 
Ij^veii position was inverted, the effect was as 


if a magnet with its marked pole downvrards 
had been mtroduced from above into the in- 
verted helix, ^us, if the end B were upwards, 
such a magnet introduced from above Would 
make the marked end of the galvanometer 
needle pass west. Or the end B being down- 
wards, and the soft iron in its place, inveraon 
of the whole produced the same effect. \ 

144. When the soft iron bar was taken out of 
the helix and inverted in various directions 
within four feet of the galvanometer, not the 
slightest effect upon it was produced. 

145. These phenomena are the necessary con- 
sequence of the inductive magnetic power of 
the earth, rendering the soft iron cylinder a 
magnet with its marked pole downwards. The 
experiment is analogous to that in which two 
bar magnets were used to magnetize the same 
cylinder in the same helix (36), and the inver- 
sion of position in the present experiment is 
equivalent to a change of the poles in that ar- 
rangement. But the result is not less an in- 
stance of the evolution of electricity by means 
of the magnetism of the globe. 

146. The helix alone was then held perman- 
ently in the magnetic direction, and the soft 
iron cylinder afterwards introduced; the gal- 
vanometer needle was instantly deflected; by 
withdrawing the cylinder as the needle re- 
turned, and continuing the two actions simulta- 
neously, the vibrations soon extended through 
an arc of l80^ Hie effect was precisely the 
same as that obtained by using a cylinder mag- 
net with its marked pole downwards; and the 
direction of motion, Ac. was perfectly in ac- 
cordance with the results of former esperim^its 
obtained with such a magnet (39). A magnet 
in that position bring used, gave the same de- 
flections, but stronger. When the hdix was put 
at ri^t angles to the magnetic direction or 
dip, then the introduction or removal of. the 
soft iron cylinder produced no effect at' tiie 
neeffie. Any inclination to the ffip gave restfifs 
of the same kind as those already dmaSaeit 
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147. A cylinder magnet^ although itliae great 
power of a&cting the galvanometer whi^mov^ 
ing into or out of the hdlx, has no power of 
continuing the deflection (39); and therefore, 
though left in, still the magnetic needle comes 
to its usual place of rest. But upon repeating 
(with the magnet) the experiment of inversion 
in the direction of the dip (141), the needle was 
affected as powerfully as before; the disturb- 
ance of the magnetism in the sted magnet, by 
the earth’s inductive force upon it, being thus 
shown to be nearly, if not quite, equal in 
amount and rapidity to that occurring in soft 
iron. It is probable that in this way magneto- 
electrical arrangements may become very use- 
ful in indicating the disturbance of magnetic 
forces, where other means will not apply; for 
it is not the whole magnetic power which pro- 
duces the visible effect, but only the difference 
due to the disturbing causes. 

148. These favourable results led me to hope 
that the direct magneto-electric induction of 
the earth might be rendered sensible; and I 
ultimately succeeded in obtaining the effect in 
several ways. When the helix just referred to 
(141, 6) was placed in the magnetic dip, but 
without any cylinder of iron or steel, and was 
then inverted, a feeble action at the needle was 
observed. Inverting the helix ten or twelve 
times, and at such periods that the deflecting 
forces exerted by the currents of electricity 
produced in it should be added to the momen- 
tum of the needle (39), the latter was soon 
made to vibrate throu^ an arc of 80® or 90®. 
Here, therefore, currents of electricity were 
produced by the direct inductive power of the 
earth’s magnetism, without the use of any fer- 
ruginous matter, and upon a metal not cap- 
able of exhibiting any of the ordinary magnetic 
phenomena. The experiment in everything rep- 
resents the effects produced by bringing the 
same helix to one or both poles of any power- 
ful magnet (50). 

149* Quided by the law already expressed 
(114), I expected that all the electric phenom- 
ena of the revolving metal plate could now be 
produced without any other magnet than the 
earth. The plate so often referred to (85) was 
therefore so as to rotate in a horisontal 
plane. The magnetic curves of the earth (114, 
note), i.e., the dip, passes through this {^ne at 
an^es .of about 70®, which it was expected 
woul4 be an approximation to perp^dieular- 
ity, quite enoi^ toa^w of magnetO'^electric 
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tndueiion at^unentiy to ptoduoe a 

eurr^t of tieetridty. 

150. Upon rotation of the {date, the 
ought, according to the law (114, 121), to tend 
to pass in the direction of the radii, throui^ oB 
p^ts of the plate, either from the centre to the 
circumference, or from the eircumferenee to 
the centre, as the direction of the rotaticm of 
the plate was one way or the others One of 
the wires of the galvanometer was therefore 
brought in contact with the axis of tiie plate, 
and the other attached to a leaden collector or 
conductor (86), which itsdf was placed against 
the amalgamated edge of the disc. On rotating 
the plate there was a distinct effect at thei^f 
vanometer needle; on reversing the rotatkm, 
the needle went in the opposite direction; and 
by making the action of the plate coincide with 
the vibrations of the needle, the arc throu^ 
which the latter passed soon extended to h^ 
a circle. 

151. Whatever part of the edge of the plate 
was touched by the conductor, the elect^ty 
was the same, provided the direction of rota- 
tion continued unaltered. 

152. When the plate revolved 8creuhfa8k%o% 
or as the hands of a watch, the current of eleo* 
tricity (150) was from the centre to the circum- 
ference; when the direction of rotation was tm- 
acreWf the current was from the circumference 
to the centre. These directions are the same 
with those obtained when the unmarked pde 
of a magnet was placed beneath the revolving 
plate (99). 

153. When the plate was in the magnetic 

meridian, or in any other plane coinciding witii 
the magnetic dip, then its rotation produced 
no effect upon the galvanometer. When inclined 
to the dip but a few degrees, electricity began 
to appear upon rotation. Thus when standing 
upright in a plane perpendicular to the mag- 
netic meridian, and when consequently its own 
plane was inclined only about 20® to the dip^ 
revolution of the plate evolved electricity^ As 
the inclination was increased, the electricity 
became more powerful until the angle fonned 
by the plane of the plate with the dip was 
when the electricity for a given vdiodNy of tbt 
plate was a maximum. - J ^ 

154. It is a striking thing to 

volving copper plate become thus 
tried macMne; and curious results 
paring it with the common machine* & 
one, plate is of the best ncm^^oonrinclirig 
substance that can be iq>ptied{ in the It 
is xQost perfect (xmductmr&in 
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laticMBk iff essential; in the other, it is fatal. In 
comparison of the quantities of electricity pro- 
duct, the metal machine does not at aU fall 
below the glass one; for it can produce a con* 
stant current capable of deflecting the galva- 
nometer needle, whereas the latter cannot. It 
is quite true that the force of the current thus 
evdved has not as yet been increased so as to 
render it available in any of our ordinary appli- 
cations of this power; but there appears every 
reasonable expectation that this may hereafter 
be effected: and probably by several arrange- 
ments. Weak as the current may seem to be, 
it is as strong as, if not stronger than, any 
thermo-electric current; for it can pass fluids 
(23), agitate the animal system, and in the case 
of an electro-magnet has produced sparks (32). 

155. A disc of copper, one-fifth of an inch 
thick and only one inch and a half in diameter, 
was amalgamated at the edge; a square piece 
of sheet lead (copper would have been better) 
of equal thiclmess had a circular hole cut in it, 
into which the disc loosely fitted; a little mer- 
cury completed the metallic communication of 
the disc and its surrounding ring; the latter 
was attached to one of the galvanometer wires, 
and the other wire dipped into a little metallic 
cup containing mercury, fixed upon the top of 
the copp^ axis of the small disc. Upon rotating 
the disc in a horizontal plane, the galvanom- 
eter needle could be affected, although the 
earth was the only magnet employed, and the 
radius of the disc but three-quarters of an inch; 
In which space only the current was excited. 

156. On putting the pole of a magnet under 
the revolving disc, the galvanometer needle 
could be permanently defected. 

157. On using copper wires one-sixth of an 
inch in thickness instead of the smaller wires 
(86) hitherto constantly employed, far more 
powerful effects were obtain^. Perhaps if the 
galvanometer had consisted of fewer turns of 
thick wire instead of many convolutions of 
thinner, more striking effects would have been 
product. 

158. One form of apparatus which I purpose 
having arranged, is to have several discs super- 
posed; the discs are to be metallically connect- 
ed, alternately at the edges and at the centres, 
by means mercury; and are then to be re- 
volved alternately in opposite directions, i.e., 
the first, third, fifth, Ac., to the right hand, and 
the second, fourth, .sixth, Ac., to the left hand; 
the whole being placed so that the discs are 
peipoQ^icUlar to the dip, or intersect most 

inagnetic carves of powerful mag- 
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nets. The electricity will be from the centre to 
the circumference in one set of discs, and from 
the circumference to the centre in those on 
each side of them; thus the action of the whole 
will conjoin to produce one combined and more 
powerful current. 

159. 1 have rather, however, been desirous of 
discovering new facts and new relations de- 
pendent on magneto-electric induction, than of 
exalting the force of those already obtained; 
being assured that the latter would find their 
full development hereafter. 

160. I referred in my former paper to the 
probable influence of terrestrial magneto-elec- 
tric induction (137) in producing, either alto- 
gether or in part, the phenomena observed by 
Messrs. Christie and Barlow,^ whilst revolving 
ferruginous bodies; and especially those o}> 
served by the latter when rapidly rotating an 
iron shell, which were by that philosopher re- 
ferred to a change in the ordinary disporation 
of the magnetism of the ball. I suggested also 
that the rotation of a copper globe would prob- 
ably insulate the effects due to electric cur- 
rents from those due to mere derangement of 
magnetism, and throw light upon the true na- 
ture of the phenomena. 

161. Upon considering the law already re- 
ferred to (114), it appeared impossible that a 
metallic globe could revolve under natural cir- 
cumstances, without having electric currents 
produced within it, circulating round the re- 
volving globe in a plane at right angles to the 
plane of revolution, provided its axis of rota- 
tion did not coincide with the dip; and it ap- 
peared that the current would be most power- 
ful when the axis of revolution was perpendic- 
ular to the dip of the needle: for then all those 
parts of the ball below a plane passing through 
its centre and perpendicular to the dip, would 
in moving cut the magnetic curves in one di- 
rection, whilst all those parts above that plane 
would intersect them in the other direction; 
currents therefore would exist in these moving 
parts, proceeding from one pole of rotation to 
tile other; but the currents above would be in 
the reverse direction to those below, and in con- 
junction with them would produce a continued 
circulation of electricity. 

162. As the electric currents are nowhere in- 
terrupted in the ball, powerful effects were ex- 
pected, and I endeavoured to obtain them with 
simple apparatus. The ball I used was of brass; 

1 Christie, PhU, Trana., 1825, pp. 58, 347, Ae. 
Barlow, PkiL Ttma.^ 1825, p. 817* 
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it had belonged to an old electrical madiine, 
was hollow, thin (too thin), and four inches in 
diameter ; a brass wire was screwed into it, and 
the ball either turned in the hand by the wire, 
or sometimes, to render it more steady, sup- 
ported by its wire in a notched piece of wood, 
and motion again given by the hand. The ball 
gave no signs of magnetism when at rest. 

163. A compound magnetic needle was used 
to detect the currents. It was arranged thus: a 
sewing-needle had the head and point broken 
off, and was then magnetised; being broken in 
halves, the two magnets thus produced were 
fixed on a stem of dried grass, so as to be per- 
pendicular to it, and about four inches asunder ; 
they were both in one plane, but their similar 
poles in contrary directions. The grass was at- 
tached to a piece of unspun silk about six inches 
long, the latter to a stick passing through a 
cork in the mouth of a cylindrical jar; and thus 
a compound arrangement was obtained, per- 
fectly sheltered from the motion of the air, but 
little influenced by the magnetism of the earth, 
and yet highly sensible to magnetic and elec- 
tric forces, when the latter were brought into 
the vicinity of the one or the other needle. 

164. Upon adjusting the needles to the plane 
of the magnetic meridian; arranging the ball 
on the outside of the glass jar to the west of the 
needles, and at such a height that its centre 
should correspond horizontally with the upper 
needle, whilst its axis was in the plane of the 
magnetic meridian, but perpendicular to the 
dip; and then rotating the ball, the needle was 
immediately affected. Upon inverting the di- 
rection of rotation, the needle was again af- 
fected, but in the opposite direction. When the 
ball revolved from east over to west, the marked 
pole went eastward; when the ball revolved in 
the opposite direction, the marked pole went 
westward or towards the ball. Upon, placing 
the ball to the east of the needles, still the nee- 
dle was deflected in the same way; i.e., when 
the ball revolved from east over to west, the 
marked pole went eastward (or towards the 
ball); when the rotation was in the opposite 
direction, the marked pole went westward. 

165. By twisting the silk of the needles, the 
latter were brought into a position perpendic- 
ular to the plane of the magnetic meridian; the 
ball was again revolved, with its axis parallel 
to the needles; the upper was affected as be- 
fore, and the deflection was such as to show 
that both here and in the former case the nee- 
dle was influenced sdely by currents of elec- 
tricity existing in the brass globe. 


166. If the upper part of the revolving ball 
be considered as a wire moving from east to 
west, over the unmarked pole of the earth, Ito 
current of electricity in it should be from nolih 
to south (99, 114, 150); if the under part be 
considered as a similar wire, moving from west 
to east over the same pole, the electric current 
should be from south to north; and the circu- 
lation of electricity should therefore be from 
north above to south, and below back to north, 
in a metal ball revolving from east above to 
west in these latitudes. Now these currents are 
exactly those required to give the directions of 
the needle in the experiments just described; 
so that the coincidence of the theory from 
which the experiments were deduced, with the 
experiments themselves, is perfect. 

167. Upon inclining the axis of rotation con- 
siderably, the revolving ball was still found to 
affect the magnetic needle ; and it was not until 
the angle which it formed with the^ magnetic 
dip was rendered small, that its effects, even 
upon this apparatus, were lost (153). When re- 
volving with its axis parallel to the dip, it is 
evident that the globe becomes analogous to 
the copper plate; electricity of one kind might 
be collected at its equator, and of the other 
kind at its poles. 

168. A current in the ball, such as that de- 
scribed above (161), although it ought to de- 
flect a needle the same way whether it be to 
the right or the left of the ball and of the axis 
of rotation, ought to deflect it the contrary 
way when above or below the ball; for then 
the needle is, or ought to be, acted upon in a 
contrary direction by the current. This expec- 
tation was fulfilled by revolving the ball be- 
neath the magnetic needle, the latter being still 
inclosed in its jar. When the ball was revolved 
from east over to west, the marked pole of the 
needle, instead of passing eastward, went west- 
ward; and when revolved from west over to 
east, the marked pole went eastward. 

169. The deflections of the magnetic needle 
thus obtained with a brass ball are exactly in 
the same direction as those observed by Mr. 
Barlow in the revolution of the iron shell; and 
from the manner in which iron exhibits the 
phenomena of magneto-electric induction like , 
any other metal, and distinct from its peculiar ' 
magnetic phenomena (132),itisiinpossibiebut , 
that electric currents must have excited, 
and become active in those experiments. What 
proportion of the whole eflect obtained is due- 
to this cause, must be decided by amore elab- 
orate investigation of all the phenomena. 
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170. fheBe results, in conjunction mth tbe 
g^oeral law before stated (114), suggested an 
experiment of extreme simidicity, wbidi yet, 
on trial, was found to answer perfectly. Theex* 
elusion of all extraneous circumstances and 
complexity of arrangement, and the (fistindi 
character of the indications afforded, render 
this sin^ experiment an epitome of nearly all 
the facts of magneto-dectric induction. 

171. A piece of common copper wire, about 
eight feet long and one-twentieth of an inch in 
thickness, had one of its ends fastened to one 
of the terminations of the galvanometer wire, 
and the other end to the other termination; 
thus it formed an endless continuation of the 
galvanometer wire : it was then roughly adjust- 
ed into the shape of a rectangle, or rather of a 
loop, the upper part of which could be carried 
to and fro over the galvanometer, whilst the 
lower part, and the i^vanometer attached to 
it, remained steady (PL III, Fig. 1). Upon 
moving this loop over the galvanometer from 
right to left, the magnetic needle was imme- 
diately deflected; upon passing the loop back 
again, the needle passed in the contrary direc- 
tion to what it did before; upon repeating these 
motions of the loop in accordance with the vi- 
brations of the needle (39), the latter soon 
swung through 90^ or more. 

172. The relation of the current of electricity 
produced in the wire, to its motion, may be un- 
derstood by supposing the convolutions at the 
galvanometer away, and the wire arranged as 
a rectangle, with its lower edge horizontal and 
in the plane of the magnetic meridian, and a 
magnetic needle suspended above and over the 
middle part of this edge, and directed by the 
earth {Fig. 1). On passing the upper part of the 
rectangle from west to east into the position 
represented by the dotted line, the marked 
pole of the magnetic needle went west; the 
electric current was therefore from north to 
south in the part of the wire passing under the 
needle, and from south to north in the moving 
or upper part of the paraltelograniL On passing 
the upper part of the rectangle from east to 
west over ^e galvanometer, the marked pole 
of the needle went east, and the current of 
dectricity wae ttoefore the reveise of thefor^ 
mer. 

178. When the rectangle was arranged in a 
plane east and west, and the magnetic needle 
made parallel to it, either by the torsdon its 
snsiNn^ion thread or the action of a nmgn^, 
^ eieets. were 

mg^ up{)er part the'rectani^ f]^ north 


to eouHi, the xnarked pble of flie xieedW’weut 
north; when the wire was moved in the oppo- 
site direction, themarked pole went south. Tim 
same effect took place wh^ the motion of the 
wire waS-in any other azimuth of the line of dip; 
the direction of the current always being con^ 
formable to the law formerly oepressed (114), 
and also to the directions obtain^ with ihe ro- 
tating ball (164). 

174. In these experiments it is not necessmy 
to move the galvanometer or needle from its 
first position. It is quite sufficient if the wire of 
the rectangle is distorted where it leaves the 
instrument, and bent so as to allow the moving 
upper part to travel in the desired direction. 

175. The moveable part of the wire was then 
arranged below the galvanometer, but so as to 
be carried across the dip. It affected the instru- 
ment as before, and in the same direction; i.e., 
when carried from west to east under the in- 
strument, the marked end of the needle went 
west, as l^ore. This should, of course, be the 
case; for when the wire is cutting the magnetic 
dip in a certain direction, an electric curreut 
al^ in a certain direction should be induced 
in it. 

176. U, in PI. Ill, Fig. 2, dp he parallel to 
the dip, and B A be considered as the upper 
part of the rectangle (171), with an arrow c at- 
tached to it, both these being retained in a 
plane perpendicular to the dip — ^then, how- 
ever B A with its attached arrow is moved up- 
on d p as an axis, if it afterwards proceed in 
the direction of the arrow, a current of elee^ 
tricity will move along it from B towarck A. 

177. When the moving part of the wire was 
carried up or down parallel to the dip, ho ef- 
fect was produced on the galvanometer. Wlmn 
the direction of moti<m was a little indiued to 
the dip, electricity manifested itself; and was 
at a ma?dmum when the motion was perpen- 
dicular to the magnetic direction. 

178. When thewire wasbentintootherfOnns 
and moved, equally strong effects were ob- 
tained, especially when instead of a rectang^ 
a double cateharian curve was formed of it on 
one aide the gaWanometer, and the two 

gle curves or halves were swung in oppoBit84l«' 
rectiohs at the same time; thrir action then 
combined to affect the galvanometet^: butr idl 
the results were reducible to those above de^ 
scafiject ' - ^ ■-.I'': 

179. The longer the extent of . the 

wire, And the greater the space throu|^!whidi 
it moves, the greater is the efleet upon tile 
galvanoiheter. 
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180. The f aoifity with which dectric currents 
ere produced in metals when moving under 
the influence of magnets, suggests that hence- 
forth precautions should always be taken, in 
experimentsuponmetalsandmagnets, to guard 
a^dnst such effects. Considering the universal* 
ity of the magnetic influence of the earth, it is 
a consequence which appears very extraordi- 
nary to the mind, that scarcely any piece of 
metal can be moved in contact with others, 
either at rest, or in motion with different veloc- 
ities or in var 3 ring directions, without an dec- 
tric current existing within them. It is prob- 
able that amongst arrangements of steam-en- 
gines and metal machinery, some curious ac- 
cidental magneto-electric combinations may be 
found, producing effects which have never been 
observ^, or, if noticed, have never as yet been 
understood. 

181. Upon considering the effects of terres- 
trial magneto-electric induction which have 
now been described, it is almost impossible to 
resist the impression that similar effects, but 
infinitely greater in force, may be produced by 
the action of the globe, as a magnet, upon its 
own mass, in consequence of its diurnal rota- 
tion. It would seem that if a bar of metal be 
laid in these latitudes on the surface of the 
earth parallel to the magnetic meridian, a cur- 
rent of electricity tends to pass through it from 
south to north, in consequence of the travelling 
of the bar from west to east (172), by the rota- 
tion of the earth; that if another bar in the 
same direction be connected with the first by 
wires, it cannot discharg<^ the current of the 
first, because it has an equal tendency to have 
a current in the same direction induced within 
itself : but that if the latter be carried from east 
to west, which is equivalent to a diminution of 
tile motion communicated to it from the earth 
(172), then the electric current from south to 
north is rendered evident in the first bar, in 
consequence of its discharge, at the same time, 
by means of the second. 

182. Upon the supposition that the rotation 
of the earth tended, by magneto-electric induc- 
tion, to cause currents in its own mass, these 
would, according to the law (114) and the ex- 
periments, be, upon the surface at least, from 
the parts in the nei^bouriiood of or tcmards 
tiie plane of the equator, in opposite directions 
to ^ poles ; and if collectors co^d be applied at 
the equator and at the poles of the globe, as 
hm b^.done with the revolving copper plate 
(ISO), and also with magnets (220), then neg- 
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ative electricity would be collected at the 
equator, and positive dectricity at both poles 
(222). But without the conductors, or some- 
thing equivalent to them, it is evident these 
currents could not exist, as they could not be 
discharged. 

183. 1 did not think it impossible that some 
natural difference might occur between bodies, 
relative to the intensity of the current pro- 
duced or tending to be produced in them by 
magneto-electric induction, which might be 
shown by opposing them to each other; espe- 
cially as Messrs. Arago, Babbage, Herschel, 
and Harris,, have all found great differences, 
not only* between the metals and other sub- 
stances, but between the metals them^lves, in 
their power of receiving motion from or giving 
it to a magnet in trials by revolution A130). I 
therefore took two wires, each one ht^ndred 
and twenty feet long, one of iron and th^other 
of copper. These were connected with each 
other at their ends, and then extended in the 
direction of the magnetic meridian, so as to 
form two nearly parallel lines, nowhere in con- 
tact except at the extremities. The copper wire 
was then divided in the middle, and examined 
by a delicate galvanometer, but no evidence of 
an electrical current was obtained. I 

184. By favour of His Royal Highness the 
President of the Society, I obtained the per- 
mission of His Majesty to make experiments 
at the lake in the gardens of Kensington Pal- 
ace, for the purpose of comparing, in a similar 
manner, water and metal. The basin of this 
lake is artificial; the water is supplied by the 
Chelsea Company; no springs run into it, and 
it presented what 1 required, namely, a uni- 
form mass of still pure water, with banks rang- 
ing nearly from east to west, and from north to 
south. 

185. Two perfectly clean bright copper plates, 
each exposing four square feet of surface, were 
soldered to the extremities of a copper wire; 
the plates were immersed in the water, north 
and south of each other, the wire which con- 
nected them being arranged upon the grass of 
the bank. The plates were about four hundred 
and eighty feet from each other, in a right line; 
the wire was probably six hundred feet long. 
This wire was then divided in the middle, and 
connected by two cups of mercury with a deli- 
cate galvanometer. 

186. At firsts indications of electric currents 
were obtained; but when these were tested by 
inverting the direction of contact, and in other 
ways, they were found to bedue to other causes 
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the one sotii^ for* A little difference in 
temperature; a minute portion of the nitrate 
of mercury used to amalgamate the wireSi en« 
tering into the water employed to reduce the 
two cups of mercury to the same temperature, 
was sufficient to produce currents of electric- 
ity, which affected the galvanometer, notwith- 
standing they had to pass through nearly five 
hundred feet of water. When these and other 
interfering causes were guarded against, no ef- 
fect was obtained; and it appeared that even 
such dissimilar substances as water and cop- 
per, when cutting the magnetic curves of the 
earth with equal velocity, perfectly neutral- 
ized each other’s action. 

187. Mr. Fox of Falmouth has obtained some 
highly important results respecting the elec- 
tricity of metalliferous veins in the mines of 
Cornwall, which have been published in the 
Philosophicdl Transactions.^ I have examined 
the paper with a view to ascertain whether any 
of the effects were probably referable to mag- 
neto-electric induction; but, though unable to 
form a very strong opinion, believe they are 
not. When parallel veins running east and west 
were compared, the general tendency of the 
electricity in the wires was from north to south; 
when the comparison was made between parts 
towards the surface and at some depth, the 
current of electricity in the wires was from 
above downwards. If there should be any nat- 
ural difference in the force of the electric cur- 
rents produced by magneto-electric induction 
in different substances, or substances in differ- 
ent positions moving with the earth, and which 
might be rendered evident by increasing the 
masses acted upon, then the wires and veins 
experimented with by Mr. Fox might perhaps 
have acted as dischargers to the electricity of 
the mass of strata included between them, and 
the directions of the currents would agree with 
those observed as above. 

188. Although the electricity obtained by 
magneto-electric induction in a few feet of wire 
is of but small intensity, and has not yet been 
observed except in metals, and carbon in a par- 
ticular state, still it has power to pass through 
brine (23) ; and, as increased length in the sub- 
stance act^ upon produces increase of intens- 
ity, I hoped to obtain effects from extensive 
moving masses of water, though quiescent wa- 
ter gave none. I made experiments therefore 
(by favour) at Waterloo Bridge, extending a 
copper wire nine hundred and sixty feet in 
length upon the parapet of the bridge, and 
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dr<^I^g from its extremities other wires with 
extensive plates of metal attached to them to 
complete contact with the water. Thus tlie 
wire and the water made one conducting cir- 
cuit; and as the water ebbed or flowed wito 
the tide, I hoped to obtain currents analogous 
to those of the brass ball (161). 

189. 1 constantly obtained deflections at the 
galvanometer, but they were very irregular^ 
and were, in succession, referred to other causes 
than that sought for. The different condition 
of the water as to purity on the two sides of the 
river; the difference in temperature; slight dif- 
ferences in the plates, in the solder used, in the 
more or less perfect contact made by twisting 
or otherwise; all produced effects in turn: and 
though 1 experimented on the water passing 
through the middle arches only; used platina 
plates instead of copper; and took every other 
precaution, I could not after three days obtain 
any satisfactory results. 

190. Theoretically, it seems a necessary con- 
sequence, that where water is flowing, there 
electric currents should be formed; thus, if a 
line be imagined passing from Dover to Calais 
through the sea, and returning through the 
land beneath the water to Dover, it traces out 
a circuit of conducting matter, one part of 
which, when the water moves up or down the 
channel, is cutting the magnetic curves of the 
earth, whilst the other is relatively at rest. This 
is a repetition of the wire experiment (171), 
but with worse conductors. Still there is every 
reason to believe that electric currents do run 
in the general direction of the circuit described, 
either one way or the other, according as the 
passage of the waters is up or down the chan- 
nd. Where the lateral extent of the moving 
water is enormously increased, it does not seem 
improbable that the effect should become sen^ 
sible; and the gulf stream may thus, perhaps, 
from electric currents moving across it, by 
magneto-electric induction from the earth, ex- 
ert a sensible influence upon the forms of the 
lines of magnetic variation.^ 

191. Though positive results have not yet 
been obtained by the action of the earth upon 
water and aqueous fluids, yet, as the experi- 
ments are very limited in their extent, and ajs 
such fluids do yield the current by artificial 
magnets (23), (for transference of the current 

* Theoretically, even a shi^ or a boat when passing 
on the surface of the water, in northern or southern 
latitudes, should have currents of electricity running 
through it directly across the line of her motion; or u 
the water is flowing past the ship at anchor, smiBlar 
currents should occur. 
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i 0 ptoaf thu^ it may be produced (218)i) the 
eui^KMsitiotLifiade, tl^t theeiuth produces these 
induced euitents within itself 0^81} in conee^ 
(}uenoe of its diurnal rotation, is still highly 
probable (222, 223) ; and when it is considered 
that the moving masses extend for thousands 
of miles across the magnetic curves, cutting 
them in various directions within its mass, as 
wdl as at the surface, it is possible the elec- 
tricity may rise to considerable intensity. 

192. 1 hardly dare venture, even in the most 
hypothetical form, to ask whether the Aurora 
Borealis and Australis may not be the dis- 
charge of electricity, thus urged towards the 
poles of the earth, from whence it is endeav- 
ouring to return by natural and appointed 
means above the earth to the equatorial reg- 
ions. The non-occurrence of it in very high lat- 
itudes is not at ail against the supposition; and 
it is remarkable that Mr. Fox, who observed 
the deflections of the magnetic needle at Fal- 
mouth, by the Aurora Borealis, gives that di- 
rection of it which perfectly agrees with the 
present view. He stat^ that all the variations at 
ni^t were towards the east,^ and this is what 
would happen if electric currents were setting 
from south to north in the earth under the 
needle, or from north to south in space above it. 


S 6. General Remarks and Illustrations of the 
Force and Directionof Magneto-electric Induction 

193. In the repetition and variation of Ara- 
gons experiment by Messrs. Babbage, Herschel, 
and B^ris, these philosophers directed their 
attention to the d^erences of force observed 
amongst the metals and other substances in 
their action on the magnet. These differences 
were very great,* and led me to hope that by 
mechanical combinations of various metals im- 
portant results might be obtained (183). The 
fcdlowing experiments were therefore made, 
with a view to obtain, if possible, any such dif- 
ference of the action of two metals. 

194. A piece of soft iron bonnet-wire covered 
with cotton was laid bare and cleaned at one 
extremity, and there fastened by metallic con- 
tact with the clean end of a copper wire. Both 
wires were then twisted together like the 
strands of a rope, for eighteen or twenty in- 
dbies; and the remaining parts being made to 
diverge, their extremities were connected with 
the wires of the galvanometer. The iron wire 
was about two feet long, the continuation to 
|he galvanometer being copper. 
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195:. The twisted coppdr and iron (tdddiing 
each other nowhere but at the extremity) were 
then passed between tibe poles of a powerful 
magnet arranged horse-shoe fadiion (FI; tll, 
Fig. 8); but not the slightest effect was ob- 
served at the galvanometer, although the ar- 
rangement seemed fitted to show any electric- 
al difference between the two metals relative 
to the action of the magnet. 

196. A soft iron cylinder was then covered 
with paper at the middle part, and the twisted 
portion of the above compound wire coiled as 
a spiral around it, the connexion with the gal- 
vanometer still being made at the ends A and 
B. The iron cylinder was then brought in con- 
tact with* the poles of a powerful nmgnet cap- 
able of raising thirty pounds; yet no signs of 
electricity appeared at the galvanometer. Ev- 
ery precaution was applied in mcmng and 
breaking contact to accumulate effe^, but no 
indications of a current could be obtained. 

197. Copper and tin, copper and zinc, tin 
and zinc, tin and iron, and zinc and iron, were 
tried against each other in a similar manner 
(194), but not the slightest sign of electric cur- 
rents could be procured. 

198. Two flat spirals, one of copper and the 
other of iron, containing each eighteen inches 
of wire, were connected with each other and 
with the galvanometer, and then put face to 
face so as to be in contrary directions. When 
brought up to the magnetic pole (53), no elec- 
trical indications at the galvanometer were ob- 
served. When one was turned round so that 
both were in the same direction, the effect at 
the galvanometer was very powerful. 

199. The compound helix of copper and iron 
wire formerly described ( 8 ) was arranged as a 
double helix, one of the helices being all iron 
and containing two hundred and fourteen feet, 
the other all copper and containing two hun- 
dred and eight feet. The two similar «ads A A 
of the copper and iron helix were connected to- 
gether, and the other ends B B of each helix 
connected with the galvanometer; so that when 
a magnet was introduced into the centre of the 
arrangement, the induced currents in the iron 
and copper would tend to proceed in contrary 
directions. Yet when a magnet inserted, 
or a soft iron bar within made a maghet by 
contact with poles, no effect at the ne^le was 
produced. 

200. A ^ass tube about fourte^ inches l(mg 
was filled with strong sulphuric acid. Twelve 
inches of the end of a clean copper wire were 
bent up into a bundle and inseited into tSie 
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tttbe» do fls to laajEe good o^perfioial oomtact 
witSi the add, and the rest of the wire passed 
along ihe outside of the tube and away to the 
galvanometer. A wire similarly bent up at the 
extremity was immersed in the other end of 
tbesulphuric acid, and also connected with the 
galvanometer, so that the acid and copper wire 
were in the same parallel relation to each other 
in this experiment as iron and copper were in 
the first (194). When this arrangement was 
passed in a similar manner between the poles 
of the magnet, not the slightest effect at the 
galvanometer could be perceived. 

201. From these experiments it would ap- 
pear, that when metals of different kinds con- 
nect^ in one circuit are equally subject in ev- 
ery circumstance to magneto-electric induc- 
tion, they exhibit exactly equal powers with 
respect to the currents which either are formed, 
or tend to form, in them. The same even ap- 
pears to be the case with regard to fluids, and 
probably all other substances. 

202. Still it seemed impossible that these re- 
sults could indicate the relative inductive pow- 
er of the magnet upon the different metals; for 
that the effect should be in some relation to the 
conducting power seemed a necessary conse- 
quence (139), and the influence of rotating 
plates upon magnets had been found to bear a 
general relation to the conducting power of the 
substance used. 

203. In the experiments of rotation (81), the 
electric current is excited and discharge in the 
same substance, be it a good or bad conductor; 
but in the experiments just described the cur- 
rent excited in iron could not be transmitted 
but through the copper, and that excited in 
copper had to pass through iron : i. e. supposing 
currents of dissimilar strength to be formed in 
the metals proportionate to their conducting 
power, the stronger current had to p^s through 
the worst conductor, and the weaker current 
through the best. 

2^. Experiments were therefore made in 
which different metalsinsulated fromeachother 
wem passed between ihe pdes of the magnet, 
their opposite ends being connected with the 
same end ctf tibe galvanometer wire, so that the 
currents formed and led away to the galvanmn- 
eter idiould oppose each other; and when con- 
siderable leng^ of d^erent wires used, 
feeble deflec^ms were obtained. 

20S. iPo bbtak perfediy satidactory results 
ft new f^vanmnet^ was constructed, consist^ 
d t^ irdepeiuient edl^ each containing 
eighteen Iset i^fsi^ wire. These coils 


were esnctl^ alike b diape and mmiber of 
turns, and were fixed side by Side with a smaB 
interval between th^, in which a double nea^ 
die could be hung by a fibre of silk exactly as in 
the former instrument (87). The coils may be 
distin^ished by the letters K L, and vrhm 
electrical currents were sent through them in 
the same direction, acted upon the needle wi& 
the sum of their powers; when in opposite di- 
rections, with the difference of their powers. 

206. The compound helix (199, 8) was now 
connected, the ends A and B of the iron with 
A and B ends of galvanometer coil K, and the 
ends A and B of the copper with B and A ends 
of galvanometer coil L, so that the currents ex- 
cite in the two helices should pass in opposite 
directions through the coils K and L. On intro- 
ducing a small cylinder magnet within the hel- 
ices, the galvanometer ne^le was powerfully 
deflected. On disuniting the iron helix, the mag^ 
net caused with the copper helix alone still 
stronger deflection in the same direction. Onie^ 
uniting the iron helix, and unconnecting tiie 
copper helix, the magnet caused a moderate 
deflection in the contrary direction. Thus it 
was evident that the electric current induced 
by a magnet in a copper wire was far more 
powerful than the current induced by the same 
magnet in an equal iron wire. 

207. To prevent any error that mi^t arise 
from the greater influence, from vicinity or 
other circumstances, of one coil on the needle 
beyond that of the other, the iron and copper 
terminations were diang^ relative to the 
vanometer coils K L, so that the one whidb be- 
fore carried the current from the copper now 
conveyed that from the iron, and vice versa. 
But the same striking superiority of the copper 
was manifested as before. This precaution was 
taken in the rest of the experiments with other 
metals to be described. 

20^. Ithenbad wires of iron, rinc, copper, tin^ 
and lead, drawn to the same diameter (very 
nearly one-twentieth of an inch), and I com:* 
pared exactly equid lengths, namely rixtemi' 
feet, of each in pairs in the flowing manner: 
The ends of tim copper wire were emmee^; 
with the ends A and B of galvanometer 
K, and the ends of the idnc wire with the 
minations A and B df the galvanometer 
The nuddle part of each vrire was then coiled 
m times round a cylinder of soft 
with paper, long enough to connect tm 
of DanieU’s faoroe-ehoe magnet (M) (H. ID, 
Fig. 4)i fto that similar hefices of copper wad 
einc, each of ox turns, Burrounded tto bar at 
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two places equidistant from eacli other and 213. These results tend to prove that the cur« 


from the poles of the magnet : but these hdiioes 
were purposely arranged so as to be in contrary 
directions, and therefore send contrary cur- 
rents throu^ the galvanometer coils K and L. 

209. On making and breaking contact be- 
tween the soft iron bar and the poles of the 
magnet, the galvanometer was strongly affect- 
ed; on detaching the zinc it was still more 
strongly affected in the same direction. On tak- 
ing all the precautions before alluded to (207), 
with others, it was abundantly proved that 
the current induced by the magnet in copper 
was far more powerful than in zinc. 

210. The copper was then compared in a sim- 
ilar manner with tin, lead, and iron, and sur- 
passed them all, even more than it did zinc. 
The zinc was then compared experimentally 
with the tin, lead, and iron, and found to pro- 
duce a more powerful current than any of 
them. Iron in the same manner proved supe- 
rior to tin and lead. Tin came next, and lead 
the last. 

211. Thus the order of these metals is cop- 
per, zinc, iron, tin, and lead. It is exactly their 
order with respect to conducting power for 
electricity, and, with the exception of iron, is 
the order presented by the magneto-rotation 
experiments of Messrs. Babbage, Herschel, 
Harris, &c. The iron has additional power in 
the latter kind of experiments, because of its 
ordinary magnetic relations, and its place rela- 
tive to magneto-electric action of the kind now 
under investigation cannot be ascertained by 
such trials. In the manner above described it 
may be correctly ascertained.^ 

212. It must still be observed that in these 
experiments the whole effect between different 
metals is not obtained; for of the thirty-four 
feet of wire included in each circuit, eighteen 
feet are copper in both, being the wire of the 
galvanometer coils; and as the whole circuit is 
concerned in the resulting force of the current, 
this circumstance must tend to diminish the 
difference which would appear between the 
metals if the circuits were of the same sub- 
fitences throughout. In the present case the 
difference obtained is probably not more than 
a half of that which would be given if Ihe whole 
of each circuit were of one metal. 

1 Mr. Christie, who being appointed reporter upon 
pfU>er, had it in his hands before it was complete, 
Mt the difficulty (202); and to satisfy his mind, 
e|q>eriment8 upon iron and copper with the 
Ifim meignet (i4), and came to the same oondusions 
as, I have arrived at. The two sets, of experiments 
perleotly independent of each other, neither of 
aware of the olher’s proceedings. 


rents produced by magneto-electric induction 
in bodies is proportional to their conducting 
power. That they are exactly proportional to 
and altogether dependent upon the conducting 
power, is, I think, proved by the perfect neu- 
trality displayed when two metals or other 
substances, as acid, water, &c. &c. (201, 186), 
are opposed to each other in their action. The 
feeble current which tends to be produced in 
the worse conductor, has its transmission fav- 
oured in the better conductor, and the strong- 
er current which tends to form in the latter has 
its intensity diminished by the obstruction of 
the former: and the forces of genwation and 
obstruction are so perfectly balancea as to neu- 
tralize each other exactly. Now as the obstruc- 
tion is inversely as the conducting power, the 
tendency to generate a current must fee direct- 
ly as that power to produce this perfect equi- 
librium. 

214. The cause of the equality of action un- 
der the various circumstances described, where 
great extent of wire (183) or wire and water 
(184) were connected together, which yet pro- 
duced such different effects upon the magnet, 
is now evident and simple. 

216. The effects of a rotating substance upon 
a needle or magnet ought, where ordinary mag- 
netism has no influence, to be directly as the 
conducting power of the substance; and I ven- 
ture now to predict that such will be found to 
be the case; and that in all those instances 
where non-conductors have been supposed to 
exhibit this peculiar influence, the motion has 
been due to some interfering cause of an ordi- 
nary kind; as mechanical communication of 
motion through the parts of the apparatus, or 
otherwise (as in the case Mr. Harris has point- 
ed out)‘; or else to ordinary magnetic attrac- 
tions. To distinguish the effects of the latter 
from those of the induced electric currents, I 
have been able to devise a most perfect test, 
which shall be almost immediately described 
(243). 

216. There is every reason to believe that 
the magnet or magnetic needle .will become an 
excellent measurer of the conducting power of 
substances rotated near it ; for I have found by 
careful experiment, that when a constant cur- 
rent of electricity was sent successively through 
a series of wires of copper, platina, zinc, silver, 
lead, and tin, drawn to the same diameter; the 
deflection of the needle was exactly equal by 
them all. It must be remembered that when 

* FhUoMophiieal Tfaniaetion$t 1881, p. 88. 
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bodies are rotated in a hcMrisontal plane, tibe 
magnetism of the earth is active upon them. 
As the effect is general to the whole of the plate^ 
it may not interfere in these cases; but in some 
experiments and calculations may be of im« 
portant consequence. 

217. Another point which I endeavoured to 
ascertain, was, whether it was essential or not 
that the moving part of the wire should, in cut- 
ting the magnetic curves, pass into positions of 
greater or lesser magnetic force; or whether, 
always intersecting curves of equal magnetic 
intensity, the mere motion was sufficient for 
the production of the current. That the latter 
is true has been proved already in several of 
the experiments on terrestrial magneto-electric 
induction. Thus the electricity evolved from 
the copper plate (149), the currents produced 
in the rotating globe (161, &c.), and those pass- 
ing through the moving wire (171), are all pro- 
duced under circumstances in which the mag- 
netic force could not but be the same during 
the whole experiments. 

218. To prove the point with an ordinary 
magnet, a copper disc was cemented upon the 
end of a cylinder magnet, with paper interven- 
ing ; the magnet and disc were rotated together, 
and collectors (attached to the galvanometer) 
brought in contact with the circumference and 
the central part of the copper plate. The gal- 
vanometer needle moved as in former cases, 
and the direction of motion was the same as 
that which would have resulted, if the copper 
only had revolved, and the magnet been fixed. 
Neither was there any apparent difference in 
the quantity of deflection. Hence, rotating the 
magnet causes no difference in the results; for 
a rotatory and a stationary magnet produce 
the same effect upon the moving copper. 

219. A copper cylinder, closed at one extrem- 
ity, was then put over the magnet, one half of 
which it inclosed like a cap ; it was firmly fixed, 
and prevented from touching the magnet any- 
where by interposed paper. The arrangement 
was then floated in a narrow jar of mercury, so 
that the lower edge of the copper cylinder 
touched the fluid metal; one wire of the galva- 
nometer dipped into this mercury, and the other 
into a little cavity in the centre of the end of 
the copper cap. Upon rotating the magnet and 
its attached cylinder, abundance of electricity 
passed through the galvanometer, and in the 
same direction as if the cylinder had rotated 
only, the magnet being still. The results there- 
fore were the same as Aosewith the disc (218). 


220. Tliat the metal of the magnet its^ 
mi^t be substituted for the moving cylinder, 
disc, or wire, seemed an inevitable consequence, 
and yet one which would exhibit the effe<^ of 
magneto-electric induction in a striking form. 
A cylinder magnet had therefore a little hole 
made in the centre of each end to receive a drop 
of mercury, and was then floated pole upward 
in the same metal, contained in a narrow jar. 
One wire from the galvanometer dipped into 
the mercury of the jar, and the other into the 
drop contained in the hole at the upper extrem- 
ity of the axis. The magnet was then revolved 
by a piece of string passed round it, and the 
galvanometer-needle immediately indicated a 
powerful current of electricity. On reversing 
the order of rotation, the electrical current was 
reversed. The direction of the electricity was 
the same as if the copper cylinder (219) or a 
copper wire had revolved round the fixed mag- 
net in the same direction as that which the 
magnet itself had followed. Thus a singvJUxr inr 
dependence of the magnetism and t^e bar in 
which it resides is rendered evident. 

221. In the above experiment the mercury 
reached about half way up the magnet; but 
when its quantity was increased until within 
one-eighth of an inch of the top, or diminished 
until equally near the bottom, still the same ef- 
fects and the same direction of electrical cur- 
rent was obtained. But in those extreme pro- 
portions the effects did not appear so strong as 
when the surface of the mercury was about the 
middle, or between that and an inch from each 
end. The magnet was eight inches and a half 
long, and three-quarters of an inch in diameter. 

222. Upon inversion of the magnet, and caus- 
ing rotation in the same direction, i.e., alwa 3 rs 
screw or always unscrew, then a contrary cur- 
rent of electricity was produced. But when tiie 
motion of the magnet was continued in a direc- 
tion constant in relation to its mn axis^ then 
electricity of the same kind was collected at 
both poles, and the opposite electricity at the 
equator, or in its nei^bourhood, or in the parts 
corresponding to it. If the magnet be held paiw 
allel to the axis of the earth, with its unmarked 
pole directed to the pole star, and then rotated 
so that the parts at its southern side pass from 
west to east in conformity to the motion of the 
earth; then positive electricity may be edileet- 
ed at the extremities of the magnet, and xteg 9 r 
tive electricity at or about the midcfie of its 
mass. 

223. When the gidvanomet^ was tery sensi- 
mere spinning of the magniet in the idr, 
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lAsSkt one of the galvanometer wires touched 
e^ttreuilty, and the other ihe eqiiatorial 
parts, was sufficient to evolve a current of decv* 
iricity and deflect the needle. 

224. Experiments were then made with a 
siznilar magnet, for the purpose of ascertaining 
whether any return of the electric current could 
occur at the central or axial parts, they having 
the same angular velocity of rotation as the 
other parts (259) ; the belief being that it could 
not. 

225. A cylinder magnet, seven inches in 
length, and three quarters of an inch in diam- 
eter, had a hole pierced in the direction of its 
axis from one extremity, a quarter of an inch 
in diameter, and three inches deep. A copper 
cylinder, surrounded by paper and amalga- 
mated at both extremities, was introduced so 
as to be in metallic contact at the bottom of 
the hole, by a little merciuy, with the middle 
of the magnet; insulated at the sides by the 
paper; and projecting about a quarter of an 
inch above the end of the steel. A quill was put 
over the copper rod, which reached to the pa- 
per, and formed a cup to receive mercury for 
the completion of the circuit. A high paper 
edge was also raised round that end of the mag- 
net and mercury put within it, which however 
had no metallic connexion with that in the 
quill, except through the magnet itself and the 
copper rod (PI. Ill, Fig. 6). The wires A and B 
from the galvanometer were dipped into these 
two portions of mercury; any current through 
them could, therefore, only pass down the 
magnet towards its equatorial parts, and then 
up the copper rod, or vice versa. 

226. When thus arranged and rotated screw 
fadxion, the marked end of the galvanometer 
needle went west, indicating that there was a 
eurrent through the instrument from A to B 
and consequently from B throu^ the magnet 
and copper rod to A {Fig. 6). 

227. The magnet was then put into a jar of 
mercury (PL III, Fig. 6) as before (219); the 
vdre A left in contact vntb the copper axis, but 
tiie wire B dipped in the mercury of the jar, 
and tbearefore in metallic communication with 
the equatorial parts of the magnet instead of 
its polar extremity* On revolving the magnet 
screw fashion, the galvanometer needle was de- 
flected in One same dkection as before, but far 
more pow^uUy. Yet it is evident that the 
parts of the magnet £rom tiie equator to the 
jpale were out of tiie dectric circuit. 

i i(28. Then the wire A was connected with 
itm ikiercuzy on the extremity of the magnet, 


tiie wire B stUt learoajtftittgm ewtact wi^lhat 
in the jar (H* nii f), so that the joopper 
a»s was altogether out of I2ie circint* Themag- 
net was again revolved screw fashion, and again 
caused the same deflection of the needle^ the 
current being as strong as it wasin thelasttrial 
(227), and much stronger than at first (226). 

229. Hence it is evident that there is no dii^ 
charge of the current at the centre of the mag- 
net, for the current, now freely evolved, is up 
through the magnet; but in the first experi- 
ment (226) it was down. In fact, at that time, 
it was only the part of the moving metal equal 
to a little disc extending from the end of the 
wire B in the mercury to the wire A that was 
efficient; *{.e., moving with a differ^t angular 
velocity to the rest of the circuit (25s) ; and for 
that portion the direction of the current is con- 
sistent with the other results. 

230. In the two after experiments, t!^e UUerai 

parts of the magnet or of the copperyrod are 
those which move relative to the other ^rts of 
the circuit, i.e., the galvanometer wires; and 
being more extensive, intersecting more curves, 
or moving with more velocity, produce the 
greater effect. For the discal part, the direction 
of the induced electric current is the same in 
all, namely, from the circumference towards 
the centre. \ 

231. The law under which the induced eleo^ 
trie current excited in bodies moving relatively 
to magnets, is made dependent on the intersec- 
tion of the magnetic curves by the metal (114) 
being thus rendered more precise and definite 
(217, 220, 224), seem now even to apply to the 
cause in the first section of the former paper 
(26) ; and by rendering a perfect reason for the 
effects produced, take away any for supposing 
that peculiar condition, which I ventured to 
call the electro-tonic state (60). 

232. When an electrical current is passed 

through a wire, that wire ia surrounded at ev- 
ery part by magnetic curves, diminishing in in- 
tensity according to their distance from the 
wire, and which in idea may be likened to rings 
situated in planes perpendicular to the wire pr 
rather to the electric current within it These 
curves, although different in forrn^ are perfect- 
ly analogous to those existing ^ween two 
contrary magnetic poles oppos^ to each other; 
and when a second wire, parallel to that which 
earries the current, is made to approach the 
latter (18), it pams throu^ magnetic curves 
mmctly of the same kind as those it would in- 
tersect whoa earned between meg' 
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n6tiefN>ta (100) kmie direotioni tndaAi^k- 
cedes from ikt indudng wire, it cete tibe curves 
around it in the same manner that it would do 
those between the same poles if moved in the 
other direction. 

233. If the wire N P (PI. HI, Fig. 11) have 
an electric current pass^ through it in the di* 
rection from P to N, then the dotted ring may 
represent a ma^etic curve round it, and it is 
in such a direction that if small mago^ic nee- 
dles be placed as tangents to it, they will be- 
come arranged as in the figure, n and $ indicat- 
ing north and south ends (44 note). 

234. But if the current of electricity were 
made to cease for a while, and magnetic poles 
were used instead to give direction to the nee- 
dles, and make them take the same position as 
when under the influence of the, current, then 
they must be arranged as at PI. Ill, Fig. IS; 
the marked and unmarked poles a 6 above the 
wire, being in opposite directions to those a' V 
below. In such a position therefore the magnetic 
curves between the poles a h and a' V have the 
same general direction with the correspond- 
ing parts of the ring magnetic curve surround- 
ing the wire N P carrying an electric current. 

235. If the second wire p n (JFig. 11) be now 
broui^t towards the principal wire, carrying a 
current, it will cut an infinity of magnetic 
curves, similar in direction to tl^t figured, and 
consequently similar in direction to those be- 
tween the poles a 6 of the magnets {Fig, 12)^ 
and it will intersect these current curves in the 
same manner as it would the magnet curves, if 
it passed from above between the poles down- 
wards. Now, such an intersection would, with 
the magnets, induce an electric current in the 
wire from p to n (114); and therefore as the 
curves are alike in arrangement, the same ef- 
fect ought to result from the intersection of the 
magnetic curves dependent on the current in 
the wire N P; and such is the case, for on ap- 
prorimation the induced current is in the op- 
posite direction to the principal current (19). 

236. If the wire p' n' be carried up from be- 
low, it will pass in the opposite direction be- 
tween the magnetic poles; but then also the 
magnetic poles thmn^ves are reversed {Fig, 
1S\ and the induced current is therefore (114) 
still in the same direction as before. It is also, 
for equdly suffickit and evident reasons, in 
the same direction, if produced by tite influ- 
ence of the curves dej^dmit upon the wire. 

237. When the seo(md wireis retained at rest 

in the of tiie prineipal wire, no timmt 

is induced thrcnii^ H, for it isintmeeting no 


mystic curves. When ttis remoiwd from the 
principal wire, it intersects the curves in 
opposite direction to what it did before <^> ; 
and a curr^t in tiie opposite direction is 
duced, which therefore corresponds with the 
direction ot the principal current (19). The 
same c^eet would take place if by inverting 
the direction of motion of the wire in passi^ 
between either set of poles {Fig. 12)^ it wm 
made to intersect the curves there existixus in 
the opposite direction to what it did before. 

238. In the first experiments (10, 13), the in- 
ducing wire and that under induction were ar- 
ranged at a fixed distance from each other, and 
then an electric current sent through the 
mer. In such cases the magnetic curves them- 
selves must be consklered as moving (if I may 
use the expression) across the wire under ihr, 
duction, from the moment at which they begin 
to be devdoped until the magnetic force of tiie 
current is at its utmost; expanding as it were 
from the wire outwards, and consequently be- 
ing in the same relation to the fixed wire under 
induction as if had moved in the opposite dx^ 
motion across them, or towards the wire carry- 
ing the current. Hence the first current induci^ 
in such cases was in the contrary direction to 
the principal cuiraat (17, 235). On breaking 
the battery contact, themagneticcurves (which 
are mere expressions for arranged magnetic 
forces) may be conceived as contracting upon 
and returning towards the failing electrical 
current, and therefore move in the opporite di- 
rection across the wire, and cause an opposite 
induced current to the first. 

239. When, in experiments with ordinary 
magnets, the latter, in place of being moved 
past the wires, were actually made near them 
(27, 36), then a similar progressive develop- 
ment of the magnetic curves may be consider^ 
as having taken place, producing the effects 
which would have occurred by motion of the 
wires in one direction; the destruction of the 
magnetic pow^ corresponds to the motion of 
the wire in the opposite direction. 

240. If, instead of intersecting the magxie^ 
curves of a straight wire carrying a currez^ ^ 

approximatmgoriw)ovingasecondwireC2^ 

a revolving plate be used, being placed 
purpose near the wire, and , as it 
the magnetic curves, &enit ought to 
tinuous eleetrio currents indued 
if a line joiitinj; the wire with the imti^ 
idate were perpendicular to both« the 
duced cuimt ought to l^.acKxifd^ 
law (114), directly across fom gm 
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sids to the other, and at right angles to the di- 
rection of the inducing current. 

241. A single metalUc wire one-twentieth of 
an inch in diameter had an electric current 
passed through it, and a small copper disc one 
inch and a half in diameter revolved near to 
and under, but not in actual contact with it 
(PI. Ill, Fig, 10). Collectors were then applied 
at the opposite edges of the disc, and wires 
from them connected with the galvanometer. 
As the disc revolved in one direction, the nee- 
dle was deflected on one side; and when the 
direction of revolution was reversed, the nee- 
dle was inclined on the other side, in accord- 
ance with the results anticipated. 

242. Thus the reasons which induce me to 
suppose a particular state in the wire (60) have 
disappeared; and though it still seems to me 
unlikely that a wire at rest in the neighbour- 
hood of another carrying a powerful electric 
current is entirely indifferent to it, yet I am 
not aware of any distinct /octe which authorize 
the conclusion that it is in a particular state. 

243. In considering the nature of the cause 
assigned in these papers to account for the mu- 
tual influence of magnets and moving metals 
(120), and comparing it with that heretofore 
admitted, namely, the induction of a feeble 
magnetism like that produced in iron, it oc- 
curred to me that a most decisive experimental 
test of the two views could be applied (215). 

244. No other known power has like direction 
with that exerted between an electric current 
and a magnetic pole; it is tangential, while all 
bther forces, acting at a distance, are direct. 
Hence, if a magnetic pole on one side of a re- 
volving plate follow its course by reason of its 
Obedience to the tangential force exerted upon 
it by the very current of electricity which it 
hi^ itself caused, a similar pole on the opposite 
ride of the plate should immediately set it free 
from this force; for the currents which tend to 
be formed by the action of the two poles are in 
opposite directiona:jor rather no current tends 
to be fortned, or no magnetic curves are inter- 
sected (114); and therefore the magnet should 
femaih at r^. On the contrary, if the action of 
a north magnetic pole were to produce a south- 
ness in the nearest part of the copper plate, 
and a diffuse northness elsewhere (82), as is 
teally the case with iron; then the use of an- 
kMiet north pole on the opposite ride of the 
a^mopart of the plate should double the effect 

Of destroying it, and double the ten- 
Ideri^Olthefirst magnet to move with theplate. 


245. A thick copper plate (85) was therefore 
fixed on a vertical axis, a bar magnet was sus- 
pended by a plaited silk cord, so that its mark- 
ed pole hung over the edge of the plate, and a 
sheet of paper being interposed, the plate was 
revolved ; immediately the magnetic pole obey- 
ed its motion and passed off in the same direc- 
tion. A second magnet of equal size and strength 
was then attached to the first, so that its mark- 
ed pole should hang beneath the edge of the 
copper plate in a corresponding position to that 
above, and at an equal distance (PL III, Fig, 

8) , Then a paper sheath or screen being inter- 
posed as bjefore, and the plate revolved, the 
poles were found entirely indifferent tjo its mo- 
tion, although either of them alone would have 
followed the course of rotation. \ 

246. On turning one magnet round! so that 
opposite poles were on each side of the plate, 
then the mutual action of the poles apd the 
moving metal was a maximum. 

247. On suspending one magnet so that its 
axis was level with the plate, and either pole 
opposite its edge, the revolution of the plate 
caused no motion of the magnet. The electrical 
currents dependent upon induction would now 
tend to be produced in a vertical direction 
across the thickness of the plate, but coi<ld not 
be so discharged, or at least only to so slight a 
degree as to leave all effects insensible; but 
ordinary magnetic induction, or that on an 
iron plate, would be equally if not more pow- 
erfully developed in such a position (251). 

248. Then, with regard to the production of 
electricity in these cases : whenever motion was 
communicated by the plate to the magnets, 
currents existed; when it was not communicat- 
ed, they ceased. A marked pole of a large bar 
magnet was put under the edge of the plate; 
collectors (86) applied at the axis and edge of 
the plate as on former occasions (PL III, Fig^ 

9) f and these connected with the galvanom- 
eter; when the plate was revolved, abundance 
of electricity passed to the instrument. The un- 

TnATkArl nnlft of n, ftiiniU.rjTnacrnAt wan tban nnf. 

^ — ^ 

over the place of the former pole, so that con- 
trary poles were above and below; on revolv- 
ing the plate, the electricity was more power- 
ful than before. The latter magnet was then 
turned end for end, so that marked poles were 
both above and below the plate, and then, up- 
on revolving it, scarcely any electricity was 
procured. By adjusting the distanceof the poles 
so as to correspond with their relative force, 
they at last were brought so perfectly to neu- 
traUze each other’s inductive action upon the 
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plate that no eleeiricity could be obtained with 
the most rapid motion. 

249. 1 now proceeded to compare the effect 
of similar and dissimilar poles upon iron and 
copper, adopting for the purpose Mr. Sturg- 
eon’s very useful form of Arago’s experiment. 
This consists in a circular plate of metal sup- 
ported in a vertical plane by a horisontal axis, 
and weighted a little at one edge or rendered 
eccentric so as to vibrate like a pendulum. The 
poles of the magnet# are applied near the side 
and edges of these plates, and then the num- 
ber of vibrations, required to reduce the vi- 
brating arc a certain constant quantity, noted. 
In the first description of this instrument^ it is 
said that opposite poles produced the greatest 
retarding effect, and similar poles none; and 
yet within a page of the place the effect is con- 
sidered as of the same kind with that produced 
in iron. 

250. 1 had two such plates mounted, one of 
copper, one of iron. The copper plate alone 
gave sixty vibrations, in the average of several 
experiments, before the arc of vibration was 
reduced from one constant mark to another. 
On placing opposite magnetic poles near to, 
and on each side of, the same place, the vibra- 
tions were reduced to fifteen. On putting sim- 
ilar poles on each side of it, they rose to fifty; 
and on placing two pieces of wood of equal size 
with the poles equally near, they became fifty- 
two. So that, when similar poles were used, the 
magnetic effect was little or none, (the obstruc- 
tion being due to the confinement of the air, 
rather), whilst with opposite poles it was the 
greatest possible. When a pole was presented to 
the edge of the plate, no retardation occurred. 

251. The iron plate alone made thirty-two 
vibrations, whilst the arc of vibration diminish- 
ed a certain quantity. On presenting a magnet- 
ic pole to the edge of the plate (247), the vibra- 
tions were diminished to eleven; and when the 
pole was about half aninch from the edge, to five. 

252. When the marked pole was put at the 
side of the iron plate at a certain distance, the 
number of vibrations was only five. When the 
marked pole of the second bar was put on the 
opposite side of the plate at the same distance 
(2^), the vibrations were reduced to two. But 
when the second pole was an unmarked one, 
yet occupying exactly the same position, the 
vibrations rose to twenty-two. By removing 
the stronger of these two opposite poles a little 
way from the plate, the vibrations increased to 
thirty-one, or nearly the original number. But 

> mn. pm. Joum^, 1825, p. 124. 


on r^oving it aUogethet^ they fell to between 
five and six. 

253. Nothing can be more clear, therefore, 
than that with iron, and bodies a^tting of 
ordinary magnetic induction, opposite poles on 
opposite sides of the edge of the plate neutral- 
ize each other’s effect, whilst similar poles exalt 
the action; a single pole end on is also sufficient. 
But with copper, and substances not sensible 
to ordinary magnetic impressions, similar poles 
on opposite sides of the plate neutralize each 
other* opposite poles exalt the action; and a 
single pole at the edge or end on does nothing. 

254. Nothing can more completely show t^ 
thorough independence of the effects obtained 
with the metals by Arago, and those due to ord- 
inary magnetic forces; and henceforth, there- 
fore, the application of two poles to various 
moving substances will, if they appear at afi 
magnetically affected, afford a proof of the na- 
ture of that affection. If opposite poles produce 
a greater effect than one pole, the result will be 
due to electric currents. If similar poles pro- 
duce more effect than one, then the power is 
not electrical; it is not like that active in the 
metals and carbon when they are moving, and 
in most cases will probably be found to be not 
even magnetical, but the result of irregular 
causes not anticipated and consequently not 
guarded against. 

255. The result of these investigations tends 
to show that there are really but very few bod- 
ies that are magnetic in the manner of iron. I 
have often sought for indications of this power 
in the common metals and other substances; 
and once in illustration of Arago’s objection 
(82), and in hopes of ascertaining the existence 
of currents in metals by the momentary ap- 
proach of a magnet, suspended a disc of copper 
by a single fibre of silk in an excellent vacuum, 
and approximated powerful magnets on the 
outside of the jar, making them approach and 
recede in unison with a pendulum that vibrat- 
ed as the disc would do: but no motion could 
be obtained; not merely, no indication of ordi- 
nary magnetic powers, but none of any dectric 
current occasioned in the metal by the approx- 
imation and recession of the magnet. I 

fore venture to arrange substances in thre^ 
classes as regards their relation to magnet^; 
first, those wldch are affected when at rtst, liw 
iron, nickel, & 0 ., being such as possessordinary 
magnetic properties; then, those which are af? 
fected when in motion, being conductors o| 
electricity in which are produced electrie. ctd^ 
rents by ^e inductive fbm of the magnet ; andl 
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thcM which ans ped^y mdiffarent to wgular ydodtir, throui^ niagiietic cums 
tfaemAgaet, whe&er atreBtorinmotio^^ of constant inteii6ity,th^ ao^ectric ctt^^ 

are produced. This point is easUy o^erved with 
256.Atthou^itwillreqtiirefurtberreseardhy masses subject to the earth’s magnetism, and 
wd probaUy close investigation, both eiq>er- may be proved with regard to small magnets; 
itontai and mathematical, before the escact by rotating them, and leaving the metallic ar- 
mode of action between a magnet and metal rangements stationary, no current is produced, 
moymg relatively to each other is ascertained; 260. If one part of the wire or metd cut the 
yet many of the results appear sufficiently clear magnetic curves, whilst the other is stationary, 
and skiple to allow of expression in a some- then currents are produced. All the results ob- 
What general manner. If a terminated wire tained with the galvanon^eter are more or less 
move so as to cut a magnetic curve, a power is of this nature, the galvanometer extremity be- 
ealled into action which tends to urge an elec- ing the fixed part. Even those with the wire, 
trie current through it; but this current cannot galvanometer, and earth (170), may be con- 
be brought into existence unless provision be sidered^sa without any error in the ^ult. 
made at the ends of the wire for its discharge 261. If the motion of the metal] be in the 
and renewal. same direction, but the angular velocity of its 

267. If a second wire move in the same direc- parts relative to the pole of the magnet differ- 
tion as l^e first, the same power is exerted up- ent, then currents are produced. This is the 
on it, and it is therefore unable to alter the case in Arago’s experiment, and al^ in the 
\ebndition of the first: for there appear to be no wire subject to the earth’s inductioV U72), 
natural differences among substances when when it was moved from west to east, 
connected in a series, by which, when moving 262. If the magnet moves not directly to or 
und^ the same circumstances relative to the from the arrangement, but laterally, then the 
magnet, one tends to produce a more powerful case is similar to the last, 
tslectrio current in the whole circuit than an- 263. If different parts move in opposite di- 
other (201, 214). rections across the magnetic curves, then the 

258. But if the second wire move with a dif- effect is a maximum for equal velocitie^. 

ferent velocity, or in some other direction, then 264. All these in fact are variations 'of one 

variations in the force exerted take place; and simple condition, namely, that all parts of the 
if connected at their extremities, an electric mass shall not move in the same direction 
current passes through th^. acro8sthecurves,andwiththe6ameangularve- 

259. Taking, then, a mass of metal or an locity. But they are forms of expression which, 
endless wire, and referring to the pole of the being retained in the mind, 1 have found useful 
magnet as a centre of action (which though when comparing the consistency of particular 
perhaps not strictly correct may be allowed for phenomena with general results. 

facility of expression, at present), if all parts 

move in the same direction, and with the same RaycH ImtituHon, December 21. 1831 
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% 1. Identity of EledriciiiM Derived from Different Soureet § S.Re- 
latidn by Meaeure of Common and VoUaie Electricity 
RiiAi) Jantjast IOtb aad 17 tb, 1833 

} 7. IdetUitff «f SHectrieUiu Derived from Dif- cited by different meuu. It is perfectly true 
ferent Soureee that Cavendiah,* Wollaston,* Ckdladon,' and 

266. Tbb progreM of tiie electrical researches others, have in svcceesuHi removed some of the 
nduch I have had honour to preaent to the greatest objections to the acknowlklgement of 
ttoyal Sodety, brouj^t me to a point at which the identity of comnum, and voltaic 

tt waa essen^ for the further prosecution of , „ „ „ 

iaquiries that no doubt should remain (rf * j^.', ^ 

^ Jdentify or diatingtion of dectridtieB ex- • Annka$ it OAmie, isae, p. aa, 4ke. « 
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electricity , aad I beiilBVQ tl^ 
coxisider these riectricities as really the same. 
But on the other hand it is also true that the 
accuracy of Wollaston^s experiments has been 
denied;^ and also that one of them, which real- 
ly is no proper proof of chemical decomposition 
by common electricity (309, 327), has been 
that selected by several experimenters as the 
test of chemical action (336, 346). It is a fact, 
too, that many philosophers are still drawing 
distinctions between the electricities from dif- 
ferent sources; or at least doubting whether 
their identity is proved. Sir Humphry Davy, 
for instance, in his paper on the Torpedo,* 
thought it probable that animal electricity 
would be found of a peculiar kind; and refer- 
ring to it, to common electricity, voltaic elec- 
tricity and magnetism, has said, ^‘Distinctions 
might be established in pursuing the various 
modifications or properties of electricity in 
these different forms, &c.^’ Indeed I need only 
refer to the last volume of the Philosophical 
Transactions to show that the question is by no 
means considered as settled.* 

1 PhU. Trans., 1832, p. 282, note. 

* PhU. Trans., 1829, p. 17. "Common electricity is 
excited upon non-conductors, and is readily carried 
off by conductors and imperfect conductors. Voltaic 
electricity is excited upon combinations of perfect 
and imperfect conductors, and is only transmitted 
by perfect conductors or imperfect conductors of the 
best kind. Magnetism, if it be a form of electricity, 
belongs only to perfect conductors; and, in its mod- 
ifications, to a peculiar class of them.* Animal elec- 
tricity resides only in the imperfect conductors form- 
ing the organs of living animals, dec.'* 

* Dr. Ritchie has shown this is not the case, PhU. 
Trans., 1832, p. 294. 

> PhU. Trans., 1832, p. 259. Dr. Davy, in making 
experiments on the ton^o, obtains effects the same 
as those produced by common and voltaic electric- 
ity, and sas^ that in its magnetic and chemical pow- 
er it does not seem to be essentially peculiar, — p. 
274; but he then says, p. 275, there are other points 
of difference; and after referring to them, adds, 
"How are thm differences to be explained? Do they 
admit of explanation similar to that advanced by 
Mr. Cavendish in his theory of the torpedo; or may 
we suppose, according to the analog of the solar 
ray, wat l^e electricm power, whemer excited by 
me common machine, or by the voltaic battery, cmt 
by the torpedo, is not a simple power, but a oomln- 
nation of powers, which may occur variously assoc- 
laM, and produce all the varieties of ^ectridl^ with 
which we are acquainted?" 

At p. 279 of the same volume of TranaoicUorys is 
Dr. l^tohie's paper, from which the following are 
extracts: "Common electricity is diffused over the 
Mrface of the metal; — ^voltaic electricity exists with- 
in the metal. Free dectrioity is conducted over tiie 
surface of the thinnest gold leaf as effectually as over 
a mass of metal having the same 8urfaee;«r-Yoltaic 
rieoirioity requires tldt»nees of metal for its eonduo- 
tion," p. 280: and again, "The supposed analogy be- 
common and voltaic eleetrioity, wdiich Wis so 
usge^ taaoed after the invention of Uie pile, com- 
P^tely faUa in this ease, which was thought to afford 
^hs most idaikiiig rcsembUnoa.” p. m. 


266. NotwHbstondlhig^ihere^ 
impression of the identity of dectridties^ it is 
evident that the proofs have not been suffici^t- 
ly dear and distinct to obtain the assent of dl 
those who were competent to consider the sub- 
ject ; and the question seemed to me y^ mUch^ 
in the condition of that which Sir H. Davy, 
solved so beautifully— namely, whether voltat^ ’ 
ic electiidty in all cases merely eliminated, or ' 
did not in some actually produce, the acid and 
alkali found after its action upon water. The 
same necessity that urged him to decide the 
doubtful point, which interfered with the ex- 
tension of his views, and destroyed the strict- 
ness of his reasoning, has obliged me to ascer- 
tain the identity or difference of common and 
voltaic electricity. I have satisfied myself that 
they are identical, and I hope the experiments 
which I have to offer and the proofs flowing 
from them, will be found worthy the attention 
of the Royal Society. 

267. The various phenomena exhibited by 
electricity may, for the purposes of compari- 
son, be arranged under two heads; namely, 
those connect^ with electricity of tension, and 
those belonging to electricity in motion. This 
distinction is taken at present not as philosoph- 
ical, but merely as convenient. The effect of 
electricity of tension, at rest, is either attrac- 
tion or repulsion at sensible distances. The af- 
fects of electricity in motion or electrical cur- 
rents may be considered as 1st, evolution of 
heat; 2nd, magnetism; 3rd, chemical decom- 
position; 4th, physiological phenomena; 5th, 
spark. It will be my object to compare eleo- 
tricities from different sources, and especially 
common and voltaic electricities, by their pow- 
er of producing these effects. 

1. VoUede Electricity 

268. Tension. When a voltaic battery of 100 
pairs of plates has its extremities examined by 
the ordinary electrometer, it is well known that 
they are found positive and negative, the gold 
leaves at the same extremity repelling each 
other, the gold leaves at different extremities 
attracting each other, even when half an indk 
or more of air intervenes. 

260. That ordinary electricity is dischar^ 
by points with facility through air: that it is 
readily transmitted through hi^y raided tw, ^ 
and abo through heated air, as for instance a 
Same; b due to its high tensiom I bou|^ 
tiierefcM, for rimilar effects in the disriiarge oi 
voltaic eleetrioity, usix^ as a test of the paa- 
sage of the electricity dither the gsdvanometer 
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or chemical action produced by the arrange- 
ment hereafter to be described (312, 316). 

270. The voltaic battery I had at my dis- 
posal consisted of 140 pairs of plates four inches 
square, with double coppers. It was insulated 
throughout, and diverged a gold leaf electrom- 
eter about one-third of an inch. On endeavour- 
ing to discharge this battery by delicate points 
very nicely arranged and approximated, either 
in the air or in an exhausted receiver, 1 could 
obtain no indications of a current, either by 
magnetic or chemical action. In this, however, 
was found no point of discordance between 
voltaic and common electricity: for when a 
Leyden battery (291) was charged so as to de- 
flect the gold leaf electrometer to the same de- 
gree, the points were found equally unable to 
discharge it with such effect as to produce eith- 
er magnetic or chemical action. This was not 
because common electricity could not produce 
both these effects (307, 310), but because when 
of such low intensity the quantity required to 
make the effects visible (being enormously 
great (371, 375),) could not be transmitted in 
any reasonable time. In conjunction with the 
other proofs of identity hereafter to be given, 
these effects of points also prove identity in- 
stead of difference between voltaic and com- 
mon electricity. 

271. As heated air discharges common elec- 
tricity with far greater facility than points, I 
hoi3ed that voltaic electricity might in this way 
also be discharged. An apparatus was there- 
fore constructed (PI. IV, Fig» 5), in which A B 
is an insulated glass rod upon which two cop- 
per wires, C, D, are fiixed firmly: to these wires 
are soldered two pieces of fine platina wire, the 
ends of which are brought very close to each 
other at c, but without touching; the copper 
wire C was connected with the positive pole of 
a voltaic battery, and the wire D with a de- 
composing apparatus (312, 316), from which 
the communication was completed to the neg- 
ative pole of the battery. In these experiments 
only two troughs, or twenty pairs of plates, 
were used. 

272. Whilst in the state described, no de- 
composition took place at the point o, but when 
the side of a spirit-lamp flame was applied to 
the two platina extremities at e, so as to make 
them bright red-hot, decomposition occurred; 
iodine soon appeared at the point a, and the 
transfei’ence of electricity through the heated 
air was established. On raising the temperature 
of the points c by a blowpipe, the discharge was 
rende]^ stdli more free, and decomp^tion 


took place instantly. On removing the source 
of heat, the current immediately ceased. On 
putting the ends of the wires very close by the 
side of and parallel to each other, but not touch- 
ing, the effects were perhaps more readily ob- 
tained than before. On using a larger voltaic 
battery (270), they were also more freely ob- 
tained. 

273. On removing the decomposing appara- 
tus and interposing a galvanometer instead, 
heating the points e as the needle would swing 
one way, and removing the heat during the 
time of its return (302), feeble deflections were 
soon obtained: thus also proving the current 
through heated air; but the instrument used 
was not so sensible under the circumstances as 
chemical action. 

274. These effects, not hitherto known or ex- 
pected under this form, are only cases of the 
discharge which takes place through air be- 
tween the charcoal terminations of the poles of 
a powerful battery, when they are gradually 
separated after contact. Then the passage is 
through heated air exactly as with common 
electricity, and Sir H. Davy has recorded that 
with the original battery of the Royal Institu- 
tion this discharge passed through a space of 
at least four inches.^ In the exhausted receiver 
the electricity would Btrike through nearly half 
an inch of space, and the combined effects of 
rarefaction and heat were such upon the in- 
closed air as to enable it to conduct the elec- 
tricity through a space of six or seven inches. 

275. The instantaneous charge of a Leyden 
battery by the poles of a voltaic apparatus is 
another proof of the tension, and also the quan- 
tity, of electricity evolved by the latter. Sir H. 
Davy says,* ‘‘When the two conductors from 
the ends of the combination were connected 
with a Ijeyden battery, one with the internal, 
the other with the external coating, the bat- 
tery instantly became charged; and on remov- 
ing the wires and making the proper connex- 
ions, either a shock or a spark could be per- 
ceived: and the least possible time of contact 
was sufl5cient to renew the charge to its full in- 
tensity.” 

276. In Motion; i. Evolution of Heat, The ev- 
olution of heat in wires and fluids by the voltaic 
current is matter of general notoriety. 

277. ii. Magnetism, No fact is better known 
to philosophers than the power of the voltaic 
current to deflect the magnetic needle, and to 
make magnets according to certain Vme; and 

1 Elements of Chemical Phdloea^^, p. l58. 

>/Wd.,p.lM. 
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no^ect can be more distinctive of an eleotrio 
at current. 

278. iii. Chemical DecampoaUion. The chemr 
ical powers of the voltaic current, and their 
subjection to certain laws, are also perfectly 
well known. 

S7d. iv. Physiological Effects. The power of 
the voltaic current, when strong, to shock and 
convulse the whole animal system, and when 
weak to affect the tongue and the eyes, is very 
characteristic. 

280. V. Spark. The brilliant star of lig^t pro- 
duced by the discharge of a voltaic battery is 
known to all as the most beautiful light that 
man can produce by art. 

281. That these effects may be almost infin- 
itely varied, some being exalted whilst others 
are diminished, is universally acknowledged; 
and yet without any doubt of the identity of 
character of the voltaic currents thus made to 
differ in their effect. The beautiful explication of 
these variations afforded by Cavendish’s theory 
of quantity and intensity requires no support 
at present, as it is not supposed to be doubted. 

282. In consequence of ^e comparisons that 
will hereafter arise between wires carrying vol- 
taic and ordinary electricities, and also because 
of certain views of the condition of a wire or 
any other conducting substance connecting the 
poles of a voltaic apparatus, it will be necessary 
to give some definite expression of what is 
called the voltaic current, in contradistinction 
to any supposed peculiar state of arrangement, 
not progressive, which the wire or the electric- 
ity within it may be supposed to assume. If 
two voltaic troughs P P' N', PL IV, Fig. I, 
be symmetrically arrang^ and insulated, and 
the ends N P' connected by a wire, over which 
a magnetic needle is suspended, the wire will 
exert no effect over the needle ; but immediate- 
ly that the ends P N’ are connected by another 
wire, the needle will be deflected, and will re- 
main so as long as the circuit is complete. Now 
if the trouts merely act by causing a peculiar 
arrangement in the wire either of its particles 
or its electricity, that arrangement constitut- 
ing its electrical and magnetic state, then the 
wire N P' should be in a similar state of ar- 
rangement h^ore P and N^ were connected, to 
wh^ it is afterwards, and should have deflect- 
ed the needle, although less j^werfully, per- 
haps to one-half the extent wUch would result 
when the communication is complete through- 
out. But if the magnetic effects depend upon a 
ouitnot, then it is evident why they could not 


be produced in wy degree before the circuit 
was complete; because prior to that no current 
could exist. 

283. By cvrrent, I mean anything progres- 
sive, whether it be a fluid of electricity, or two 
fluids moving in opposite directions, or merely 
vibrations, or, speaking still more generally, 
progressive forces. By arrangement, I under* 
stand a local adjustment of particles, or fluids, 
or forces, not progressive. Many other reasons 
might be urged in support of the view of a cur- 
rent rather than an arrangement, but I am anx- 
ious to avoid stating unnecessarily what will 
occur to others at the moment. 

II. Ordinary Electricity 

284. By ordinary electricity I understand 
that which can be obtained from the pommon 
machine, or from the atmosphere, or by pres- 
sure, or cleavage of crystals, or by a multitude 
of other operations; its distinctive cHfiracter 
being that of great intensity, and the exertion 
of attractive and repulsive powers, not merely 
at sensible but at considerable distances. 

285. Tension. The attractions and repulsions 
at sensible distances, caused by ordinary elec- 
tricity, are well known to be so powerful in 
certain cases, as to surpass, almost infinitely, 
the similar phenomena produced by electricity 
otherwise excited. But still those attractions 
and repulsions are exactly of the same nature 
as those already referred to under the head 
Tension, Voltaic electricity (268); and the dif- 
ference in degree between them is not greater 
than often occurs between cases of ordinary 
electricity only. I think it will be unnecessiiry 
to enter minutely into the proofs of the iden- 
tity of this character in the two instances. They 
are abundant; are generally admitted as good; 
and lie upon the surface of the subject: and 
whenever in other parts of the comparison I am 
about to draw, a similar case occurs, I shall 
content myself with a mere announcement of 
the similarity, enlarging only upon those parts 
where the great question of distinction or iden- 
tity still exists. 

286. The discharge of common electricity 
through heated air is a well-known fact. The 
parallel case of voltaic electricity has already 
been described (272, &c.). 

287. In Motion, i. Evolution of Heat. The 
heating power of common electricity, when 
passed thorough wires or other substances, is 
perfectly well known. The accordance between 
it and voltaic electricity is in this respect com- 
plete. Mr. Harris has constructed and describ- 
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ed* a very beautiful asoS eeutibk kstniu^ent oii 
this imntiple, in which the heat produced in a 
wire by the discharge of a smdl portion of 
coimnon diectricity is readily shown, and to 
which I shall have occasion to refer for experi- 
mental proof in a future part of this paper (344). 

288. ii. Magnetim. Voltaic electricity has 
most extraordinary and exalted miagnetic pow- 
ers. If common electricity be identical with it, 
it ought to have the same powers. In rendering 
needles or bars magnetic, it is found to agree 
with voltaic electricity, and the direction of the 
magnetism, in both cases, is the same; but in 
deflecting the magnetic needle, common elec- 
tricity has been found deficient, so that some- 
times its power has been denied altogether, 
and at other times distinctions have been hy- 
pothetically assumed for the purpose of avoid- 
ing the difficulty.* 

289. M. Coliadon, of Geneva, considered that 
the difference might be due to the use of insuf- 
ficient quantities of common electricity in all 
the experiments before made on this head; and 
in a Mimoire read to the Acad4mie des Sci- 
ences in 1 826,* describes experiments, in which, 
by the use of a battery, points, and a delicate 
galvanometer, he succe^ed in obtaining de- 
flections, and thus establishing identity in that 
respect. MM. Arago, Ampere, and Savary, are 
mentioned in the paper as having witnessed a 
successful repetition of the experiments. But 
as no other one has come forward in confirma- 
tion, MM. Arago, Ampere, and Savary, not 
having themselves published (that 1 am aware 
of) their admission of the results, and as some 
have not been able to obtain them, M. Colla- 
don’sconclusionshavebeenoccasionallydoubt- 
ed or denied ; and an important point with me 
was to establish their accuracy, or remove th&n 
entirely from the body of received experiment- 
al research. I am happy to say that my results 
fully confirm those by M. Coliadon, and I 
should have had no occasion to describe them, 
but that they are essential as proofs of the ac- 
curacy of the final and general oonclusions 1 
am enabled to drati^ respecting the magnetic 
and chemical action of electricity (360, 366, 
367, 377, 4c.). 

290. The plate electrical machine I have used 
is fifty inches in diameter; it has two sets of 
rubbm; its prime conductor consists of two 

^ ^ PhUeeqjphicdl Trawfoaitnut 1827, p. 18. Bdin- 
ourgh TfonBOCttonSf 1831, Hatris on a New Eiee- 
troinoteri'4^e. Ac. 

* l>mmerran(l'c Manwil d^eleetridtS dgnomigue, 

p. m: 

• AnmkH de iSkimde, XXXUl p. 62 . 


brass connected by a third, the whole 

Imigth bring twelve feet, and the surlace in 
contact with air about 1422 square ind^. 
When in good excitation, one revolution ol the 
plate will give ten or twelve sparks from the 
conductors, each an inch in length. Sparks or 
fiashes from ten to fourteen inches in length 
may easily be drawn from the conductors. Each 
turn of the machine, when worked moderate- 
ly, occupies about ^ths of a second. 

291. The electric battery consisted of fifteen 
equal jars. They are coated eight inches up- 
wards from the bottom, and are twenty-three 
inches in circumference, so that each contains 
one hundred and eighty-four square inches of 
glass, coated on both sides; this is independent 
of the bottoms, which are of thicker glass, and 
contain each about fifty square inches. 

292. A good discharging train was arranged 
by connecting metallically a sufficiently tMck 
wire with the metallic gas pipes of the house, 
with the metallic gas pipes belonging to the 
public gas works of London; and also with the 
metallic water pipes of London. It was so ef- 
fectual in its office as to carry off instantan- 
eously electricity of the feeblest tension, even 
that of a single voltaic trough, and was essen- 
tial to many of the experiments. 

293. The galvanometer was one or the other 
of those formerly described (87, 205), but the 
glass jar covering it and supporting the needle 
was coated inside and outside with tinfoil, and 
the upper part (left uncoated, that the motions 
of the needle might be examined), was covered 
with a frame of wirework, having numerous 
sharp 'points projecting from it. When this 
frame and the two coatings were connected 
with the discharging train (292), an insulated 
point or ball, connected with the machine when 
most active, might be brought within an inch 
of any part of the galvanometer, yet without 
affecting the needle within by ordinary elec- 
trical attraction or repulsion. 

294. In connexion witii these precautions, it 
may be necessary to state that the needle ot 
the galvanometer is very liable to have its mag- 
netic power deranged, diminished, or evw isb 
verted by the passage of a shock throu^ the 
instrum^t. If the needle be at all obliq^i ha 
the wrong direction, to the coils of the 
nometer when the shock passes, effects 

kind are sure to happen. ' / 

295. It was to tile retarding power of bid 

oonductoih^, with tiie intention of dbnintridng 
its without altering ^ 

1 first looked with tiie hope ot bring ato to 
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nmke common eteetricity assume more of the in moderate and small arcs, it required time 


characters and power of voltaic electricity, than 
it is usually supposed to have. 

296. The coating and armour of the galvar 
nometer were first connected with the discharg- 
ing train (292) ; the end B (87) of the galva- 
nometer wire was connected with the outside 
coating of the battery, and then both these 
with the discharging train; the end A of the 
galvanometer wire was connected with a dis- 
charging rod by a wet thread four feet long; 
and finally, when the battery (291) had been 
positively charged by about forty turns of the 
machine, it was discharged by the rod and the 
thread through the galvanometer. The needle 
immediately moved. 

297. During the time that the needle com- 
pleted its vibration in the first direction and 
returned, the machine was worked, and the 
battery recharged; and when the needle in vi- 
brating resumed its first direction, the dis- 
charge was again made through the galvanom- 
eter. By repeating this action a few times, the 
vibrations soon extended to above 40® on each 
side of the line of rest. 

298. This effect could be obtained at pleas- 
ure. Nor was it varied, apparently, either in di- 
rection or degree, by using a short thick string, 
or even four short thick strings in place of the 
long fine thread. With a more delicate galva- 
nometer, an excellent swing of the needle could 
be obtained by one discharge of the battery. 

299. On reversing the galvanometer com- 
munications so as to pass the discharge through 
from B to A, the needle was equally well de- 
flected, but in the opposite direction. 

300. The deflections were in the same direc- 
tion as if a voltaic current had been passed 
through the galvanometer, i.e., the positively 
charged surface of the electric battery coincid- 
ed with the positive end of the voltaic appara- 
tus (268), and the negative surface of the for- 
mer with the negative end of the latter. 

301. The battery was then thrown out of 
use, and the communications so arranged that 
the current could be passed from the prime 
conductor, by the discharging rod held against 
it, through the wet string, through the galva- 
nometer coil, and into the discharging train 
(292), by which it was finally dispersed. This 
current coiild be stopped at any moment, by 
removing the discharging rod, and either stop- 
png the machine or connecting the prime con- 

, ^U^r^by another rod with the discharging 
end could be as instantly renewed. The 
tieeifle was so adjusted, that whilst vibrating 


equal to twenty-five beats of a watch to pass 
in one direction through the arc, and of course 
an equal time to pass in the other direction. 

302. Thus arranged, and the needle being 
stationary, the current, direct from the ma- 
chine, was sent through the galvanometer for 
twenty-five beats, then interrupted for other 
twenty-five beats, renewed for twenty-five 
beats more, again interrupted for an equal time, 
and so on continually. The needle soon began to 
vibrate visibly, and after several alternations 
of this kind, the vibration increased to 40® or 
more. 

303. On-^changing the direction of jthe cur- 

rent through the galvanometer, the direction 
of the deflection of the needle was also Ranged. 
In all cases the motion of the needle w^ in di- 
rection the same as that caused either by the 
use of the electric battery or a voltaic \trough 
(300). \ 

304. 1 now rejected the wet string, and sub- 
stituted a copper wire, so that the electricity 
of the machine passed at once into wires com- 
municating directly with the discharging train, 
the galvanometer coil being one of the wires 
used for the discharge. The effects were exactly 
those obtained above (302). 

306. Instead of passing the electricity through 
the system, by bringing the discharging rod at 
the end of it into contact with the conductor, 
four points were fixed on to the rod; when the 
current was to pass, they were held about 
twelve inches from the conductor, and when it 
was not to pass, they were turned away. Then 
operating as before (302), except with this var- 
iation, the needle was soon powerfully deflect- 
ed, and in perfect consistency with the former 
results. Points afforded the means by which 
Colladon, in all cases, made his discharges. 

306. Finally, I passed the electricity first 
through an exhausted receiver, so as to make 
it there resemble the aurora borealis, and then 
through the galvanometer to the earth ; and it 
was found still effective in deflecting the nee- 
dle, and apparently with the same force as be- 
fore. 

307. From all these experiments, it appears 
that a current of common electricity, whether 
transmitted through water or metal, or rare- 
fied air, or by means of points in common air, 
is still able to deflect the needle; the only requi- 
site being, apparently, to allow time for its ac- 
tion: that it is, in fact, just as magnetic in ev- 
ery respect as a voltaic current, and that in 
this character therefore no distinction exists. 
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308. Imperfect conductors, as water, brine, 
acids, Ac., Ac., will be found far more conven- 
ient for exhibiting these effects than other 
modes of discharge, as by points or balls; for 
the former convert at once the charge of a 
powerful battery into a feeble spark discharge, 
or rather continuous current, and involve little 
or no risk of deranging the magnetism of the 
needles (294). 

309. iii. Chemical Decomposition. The chem- 
ical action of voltaic electricity is character- 
istic of that agent, but not more character- 
istic than are the laws under which the bodies 
evolved by decomposition arrange themselves 
at the poles. Dr. Wollaston showed^ that com- 
mon electricity resembled it in these effects, 
and “that they are both essentially the same’'; 
but he mingled with his proofs an experiment 
having a resemblance, and nothing more, to a 
case of voltaic decomposition, which however 
he himself partly distinguished; and this has 
been more frequently referred to by some, on 
the one bind, to prove the occurrence of elec- 
tro-chemical decomposition, like that of the 
pile, and by others to throw doubt upon the 
whole paper, than the more numerous and de- 
cisive experiments which he has detailed. 

310. I take the liberty of describing briefly 
my results, and of thus adding my testimony 
to that of Dr. Wollaston on the identity of 
voltaic and common electricity as to chemical 
action, not only tliat I may facilitate the rep- 
etition of the experiments, but also lead to some 
new consequences respecting electro-chemical 
decomposition (376, 377). 

311. 1 first repeated Wollaston's fourth ex- 
periment,* in which the ends of coated silver 
wires are immersed in a drop of sulphate of cop- 
per. By passing the electricity of the machine 
throui^ such an arrangement, that end in the 
drop which received the electricity became 
coated with metallic copper. One hundred turns 
of the machine produced an evident effect; two 
hundred turns a very sensible one. The decom- 
posing action was however very feeble. Very 
little copper was precipitated, and no sensible 
trace of silver from the other pole appeared in 
the solution. 

312. A much more convenient and effectual 
arrangement for chemical decompositions by 
common electricity, is the following. Upon a 
glass plate, PL IV, Fig. iy placed over, but 
raised above a piece of wbte paper, so that 
slVidows may not interfere, put two pieces of 

> PhUOiophieal TranaaetiOmt 1801, pp. 427, 484. 

*m,1801, p.429. 


tinfoil o, b; connect one of these by an insulated 
wire c, or wire and string (301) with the ma- 
chine, and the other g, with the discharging 
train (292) or the negative conductor; provide 
two pieces of fine platina wire, bent as in PL 
IV, Fig. 5, so that the part d, / shall be nearly 
upright, whilst the whole is resting on the three 
baring points p, 6, /; place these as in Fig. 
the points p, n then become the decomposing 
poles. In tbs way surfaces of contact, as mi- 
nute as possible, can be obtained at pleasure, 
and the connexion can be broken or renewed in 
a moment, and the substances acted upon ex- 
amined with the utmost facility. 

313. A coarse line was made on the glass 
with solution of sulphate of copper, and the ter- 
minations p and n put into it; the foil a was 
connected with the positive conductor of the 
machine by wire and wet string, so that no 
sparks passed: twenty turns of the machine 
caused the precipitation of so much copper on 
the end n, that it looked like copper wire; no 
apparent change took place at p. 

314. A mixture of equal parts of muriatic 
acid and water was rendered deep blue by sul- 
phate of indigo, and a large drop put on the 
glass, Fig. 2y so that p and n were immersed at 
opposite sides: a single turn of the machine 
showed bleaching effects round p, from evolved 
chlorine. After twenty revolutions no effect of 
the kind was visible at n, but so much chlorine 
had been set free at p, that when the drop was 
stirred the whole became colourless. 

315. A drop of solution of iodide of potassi- 
um mingled with starch was put into the same 
position at p and n; on turning the machine, 
iodine was evolved at p, but not at n. 

316. A still further improvement in this form 
of apparatus consists in wetting a piece of fil- 
tering paper in the solution to be experimented 
on, and placing that under the points p and n, 
on the glass: the paper retains the substance 
evolved at the point of evolution, by its wbte- 
ness renders any change of colour visible, and 
allows of the point of contact between it and 
the decomposing wires being contracted to the 
utmost degree. A piece of paper moistened in 
the solution of iodide of potassium and starch, 
or of the iodide alone, with certain precautions 
(322), is a most admirable test of electrochem- 
ical action; and when thus placed and acted 
upon by the electric current, will show iodme 
evolved at p by only half a turn of the.machine. 
With these adjustments and the use of iodide 
of potassium on paper, chemical action is smner 
times a knore d^cate test of electrical currents 
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than the galvanometer (273). Such cases occur 
'when the bodies traversed by the current are 
bad conductors, or when the quantity of elec- 
tricity evolved or transmitted in a given time 
is very small. 

317. A piece of litmus paper moistened in so- 
lution of common salt or sulphate of soda, was 
quickly reddened at p. A similar piece mois- 
tened in muriatic acid was very soon bleached 
at No effects of a similar kind took place 
at n. 

318. A piece of turmeric paper moistened in 
solution of sulphate of soda was reddened at n 
by two or three turns of the machine, and in 
twenty or thirty turns plenty of alkali was 
there evolved. On turning the paper round, so 
that the spot came under p, and then working 
the machine, the alkali soon disappeared, the 
place became yellow, and a brown aUcaline spot 
appeared in the new part under n. 

319. On combining a piece of litmus with a 
piece of turmeric paper, wetting both with so- 
lution of sulphate of soda, and putting the pa- 
per on the glass, so that p was on the litmus 
and n on the turmeric, a very few turns of the 
machine sufficed to show the evolution of acid 
at the former and alkali at the latter, exactly in 
the manner effected by a volta-electric current. 

320. All these decompositions took place 
equally well, whether the electricity passed 
from the machine to the foil a, through water, 
or through wire only; by contact with the con- 
ductor, or by sparks there; provided the sparks 
were not so large as to cause the electricity to 
pass in sparks from p to n, or towards n; and I 
haveneen no reason to believe that in cases of 
true electro-chemical decomposition by the ma- 
chine, the electricity passed in sparks from the 
conductor, or at any part of the current, is able 
to do more, because of its tension, than that 
whidi k made to pass merely as a regular cur- 
rent. 

321. Finally, the experiment was extended 
into the following form, supplying in this case 
the fullest analogy between common and vol- 
taic electricity. Three compound pieces of lit- 
mus and turmeric paper (319) were moistened 
in solution of sulphate of soda, and arranged 
on a plate of glass with platina wires, as in PL 
IV, Fig. 4* The wire m was connected with the 
prime conductor of the machine, the wire t with 
tim discharging train, and the wires r and s en- 
tered into the course of the electrical current 
by means of the pieces of moistened paper; 
tiiey were so bent as to rest each on three 

n, f , p; n, s, p, the points r and s being 


supported by the glass, and the o&eni by the 
papers; the three terminations p, p, p rested* 
on the litmus, and the other three n, n, n on 
the turmeric paper. On working the machine 
for a short time only, acid was evolved at all 
the poles or terminations p, p, p, by which the 
electricity entered the solution, and alkali at 
the other poles n, n, n, by which the electricity 
left the solution. 

322. In all experiments of electro-chemical 
decomposition by the common machine and 
moistened papers (316), it k necessary to be 
aware of and to avoid the following important 
source of error. If a spark passes over moisten- 
ed litmus turmeric paper, the litmp paper 
(provided it be delicate and not too alkaline), 
is reddened by it; and if several sp^ks are 
passed, it becomes powerfully reddenea. If the 
electricity pass a little way from the wire over 
the surface of the moistened paper, b^ore it 
finds mass and moisture enough to cond^ict it, 
then the reddening extends as far as the ram- 
ifications. If similar ramifications occur at the 
termination n, on the turmeric paper, they 
prevent the occurrence of the red spot due to 
the alkali, which would otherwise collect there: 
sparks or ramifications from the points n will 
also redden litmus paper. If paper moistened 
by a solution of iodide of potassium (which is 
an admirably delicate test of electro-chemical 
action), be exposed to the sparks or ramifica- 
tions, or even a feeble stream of electricity 
through the air from either the point p orn, io- 
dine will be immediately evolved. 

323. These effects must not be confounded 
with those due to the true electro-chemical 
powers of common electricity, and must be 
carefully avoided when the latter are to be ob- 
served. No sparks should be passed, therefore, 
in any part of the current, nor any increase of 
intensity allowed, by which the electricity may 
be induced to pass between the platina wires 
and the moistened papers, otherwke than by 
conduction; for if it burst through the air, the 
effect refened to above (322) ensues. 

324. The effect itself k due to the formation 
of nitric acid by the combination of the oxygen 
and nitrogen of the air, and k, in fact, only a 
delicate repetition of Cavendkh’s beautiful ex- 
periment. The add so formed, though small in 
quantity, k in a hifi^ state of cono^tration as 
to water, md produces the consequent effects 
of reddening the litmus paper; or preventing 
the exhibition of alkali on the turmeric paper; 
or, by acting op the iodide of potassiiun, evolv- 
ing iodine. 



d^. By mmistenhig n emafi of lil^ 
muB papa in solution of caustic potassa,^ and 
then passing the dectric spark over its length 
in tiie air, I gradually neutralised the alk^, 
and ultimately rendered the paper red ; on dry- 
ing it, I found that nitrate of potassa had re- 
sulted from the operation, and that the paper 
had become touch-paper. 

326. Either litmus paper or white paper, 
moistened in a strong solution of iodide of po- 
tassium, offers therefore a very simple, beauti- 
ful, and ready means of illustrating Cavendish’s 
experiment of the formation of nitric acid from 
the atmosphere. 

327. 1 have already had occasion to refer to 
an experiment (265, 309) made by Dr. Wollas- 
ton, which is insist^ upon too much, both by 
those who oppose and those who agree with the 
accuracy of his views respecting the identity of 
voltaic and ordinary electricity. By covering 
fine wires with glass or other insulating sub- 
stances, and then removing only so much mat- 
ter as to expose the point, or a section of the 
wires, and by passing electricity through two 
such wires the guarded points of which were 
immersed in water, Wollaston found that the 
water could be decomposed even by the current 
from the machine, without spar^, and that 
two streams of gas arose from the points, ex- 
actly resembling, in appearance, those pro- 
duced by voltaic electricity, and, like the lat- 
ter, giving a mixture of oxygen and hydrogen 
gases. But Dr. Wollaston himself points out 
that the effect is different from that of the vol- 
taic pile, inasmuch as both oxygen and hydro- 
gen are evolved from each pole; he calls it *‘a 
very close imitation of the galvanic phenom- 
ena,” but adds that “in fact the resemblance is 
not complete,” and does not trust to it to es- 
tablish the principles correctly laid down in 
his paper. 

328. This experiment is neither more nor less 
than a repetition, in a refined manner, of that 
made by Dr. Pearson in 1797,* and previously 
by MM. Paets Van Troostwyk and Deiman in 
1789 or earlier. Tliat the experiment should 
never be quoted as proving true electro-chem- 
ical decomposition, is sufficiently evident from 
the circumstanoe, that the law which regulates 
the transfeo'enoe and final place of the evolved 
bodies (278, %9) has no influence here. The 
water is decomposed at both poles independ- 
ently of each otW, and tiie oxygen and hydro- 

^ Pofoifts eau«^ or causUc potash, now known 
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gen evdved at the wires are the dements d{ 
^e water existing tiie instant before in tiliose 
places. That the poles, or rather points, have 
no mutual decomposing dependence, may be 
shown by substituting a wire, or the finger, for 
one of them, a change which does not at all in- 
terfere with the other, though it stops all ac- 
tion at the changed pole. This fact may be ob- 
served by turning the machine for some time; 
for though bubbles will rise from the point left 
unaltered, in quantity sufficient to cover en- 
tirely the wire used for the other communica- 
tion, if they could be applied to it, yet not a 
single bubble will appear on that wire. 

329. When electro-chemical decomposition 
takes place, there is great reason to believe that 
the quantity of matter decomposed is not pro- 
portionate to the intensity, but to the quantity 
of electricity passed (320). Of this I shall be 
able to offer some proofs in a future part of this 
paper (376, 377). But in the experiment under 
consideration, this is not the case, if, with a 
constant pair of points, the electricity be 
passed from the machine in sparks, a certain 
proportion of gas is evolved; but if the sparks 
be rendered shorter, less gas is evolved; and if 
no sparks be passed, there is scarcely a sensible 
portion of gases set free. On substituting solu- 
tion of sulphate of soda for water, scarcely a 
sensible quantity of gas could be procured ev^ 
with powerful sparks, and nearly none with the 
mere current; yet the quantity of electricity 
in a given time was the same in all these cases. 

330. 1 do not intend to deny that with such 
an apparatus common electricity can decom- 
pose water in a manner analogous to that of 
the voltaic pile; I believe at present that it can. 
But when what I consider the true effect only 
was obtained, the quantity of gas given off was 
so small that I could not ascertain whetha: it 
was, as it ought to be, oxygen at one wire and 
hydrogen at the other. Of the two streams one 
seemed more copious than the other, and on 
turning the apparatus round, stUl the same side 
in relation to the machine gave the largest 
stream. On substituting solution of sulphate of 
soda for pure water (329), these minute streaimi 
were still observed. But the quantities were m 
small, tliat on working the machine for half an 
hour I could not obtain at either pole a bubble 
of gas larger than a small grain of saml. If the 
conclusion which I have drawn (377) relate 
to the amount of chemical action be eocreet, 
this ought to be the case. 

381. 1 have been the more anxious to asrign 
the true value of this experiment as a test of 
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electrcHdiezokal action, because I shall have 
occasion to refer to it in coses of supposed chem- 
ical action by magneto-electric and other elec- 
tric currents (336, 346) and elsewhere. But, in- 
dependent of it, there cannot be now a doubt 
that Dr. Wollaston was right in his general con- 
clusion; and that voltaic and common electric- 
ity have powers of chemical decomposition, 
alike in their nature, and governed by the same 
law of arrangement. 

332. iv. Physiological Effects. The power of 
the common electric current to shock and con- 
vulse the animal system, and when weak to af- 
fect the tongue and the eyes, may be considered 
as the same with the similar power of voltaic 
electricity, account being taken of the intensity 
of the one electricity and duration of the other. 
When a wet thread was interposed in the course 
of the current of common electricity from the 
battery (291) charged by eight or ten^ revolu- 
tions of the machine in good action (290), and 
the discharge made by platina spatulas through 
the tongue or the gums, the effect upon the 
tongue and eyes was exactly that of a momen- 
tary feeble voltaic circuit. 

333. V. Spark. The beautiful flash of light at- 
tending the discharge of common electricity is 
well known. It rivals in brilliancy, if it does not 
even very much surpass, the light from the dis- 
charge of voltaic electricity; but it endures for 
an instant only, and is attended by a sharp 
noise like that of a small explosion. Still no dif- 
ficulty can arise in recognising it to be the same 
spark as tliat from the voltaic battery, especi- 
ally under certain circumstances. The eye can- 
not distinguish the difference between a volta- 
ic and a common electricity spark, if they be 
taken between amalgamated surfaces of metal, 
at intervals only, and through the same dis- 
tance of air. 

334. When the Leyden battery (291) was dis- 
charged through a wetstringplaced in some part 
of the circuit away from the place where the 
spark was to pass, the spark was yellowish, 
^my, having a duration sensibly longer than 
if the water had not been interposed, was about 
three-fourths of an inch in length, was accompa- 
nied by little or no noise, and whilst losing part 
of its usual character had approximated in some 
degree to the voltaic spark. When the electricity 
retarded by water was discharged between 
ipeces of charcoal, it was exceedingly luminous 
and bright upon both surfaces of the charcoal, 
xesembling the brightness of the voltaic dis- 

On such surfaces. When the discharge 
' * Or even from thirty to foTty. 


of the unretarded electricity was taken Upon 
charcoal, it was bright upon both the surfaces 
(in that respect resembling the voltaic spark), 
but the noise was loud, sharp, and ringing. 

335. I have assumed, in accordance, 1 be- 

lieve, with the opinion of every other philoso- 
pher, that atmospheric electricity is of the same 
nature with ordinary electricity (284), and I 
might therefore refer to certain published state- 
ments of chemical effects produced by the for- 
mer as proofs that the latter enjoys the power 
of decomposition in common with voltaic elec- 
tricity. But the comparison I am drawing is far 
too rigorous to allow me to use these statements 
without being fully assured of their Accuracy; 
yet I have no right to suppress them, (because, 
if accurate, they establish what I am labouring 
to put on an undoubted foundation, imd have 
priority to my results. \ 

336. M. Bonijol of Geneva^ is said io have 
constructed very delicate apparatus for the de- 
composition of water by common electricity. 
By connecting an insulated lightning rod with 
his apparatus, the decomposition of the water 
proceeded in a continuous and rapid manner 
even when the electricity of the atmosphere 
was not very powerful. The apparatus is not 
described; but as the diameter of the wire is 
mentioned as very small, it appears td have 
been similar in construction to that of Wollas- 
ton (327) ; and as that does not furnish a case 
of true polar electro-chemical decomposition 
(328), this result of M. Bonijol does not prove 
the identity in chemical action of common and 
voltaic electricity. 

337. At the same page of the BihlioiMque 
Universelle, M. Bonijol is said to have decom- 
posed potash, and also chloride of silver, by 
putting them into very narrow tubes and pass- 
ing electric sparks from an ordinary machine 
over them. It is evident that these offer no an- 
alogy to cases of true voltaic decomposition, 
where the electricity only decomposes when it 
is conducted by the body acted upon, and ceases 
to decompose, according to its ordinary laws, 
when it passes in sparks. These effects are prob- 
ably partly analogous to that which takes place 
with water in Pearson's or Wollaston's appara- 
tus, and may be due to very high temperature 
acting on minute portions of matter; or they 
may be connected with the results in air (322). 
As nitrogen can combine directly with oxygen 
under the influence of the electric spark (324), 
it is not impossible that it should even take it 
from the potassium of the potash, especially as 

^Bibliothkque UniwrsdU, 1880, Vol. XLV, p. 213 
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there would be plenty of potassa in contact 
with the acting particles to combine with the 
nitric acid formed. However distinct all these 
actions may be from true polar electro-chemical 
decompositions, they are still highly import- 
ant, and well-worthy of investigation. 

338. The late Mr. Barry communicated a pa- 
per to the Royal Society^ last year, so distinct 
in the details that it would seem at once to 
prove the identity in chemical action of com- 
mon and voltaic electricity; but, when exam- 
ined, considerable difficulty arises in reconcil- 
ing certain of the effects with the remainder. 
He used two tubes, each having a wire within 
it passing through the closed end, as is usual 
for voltaic decompositions. The tubes were fill- 
ed with solution of sulphate of soda, coloured 
with syrup of violets, and connected by a por- 
tion of the same solution, in the ordinary man- 
ner; the wire in one tube was connected by a 
gilt thread with the string of an insulated elec- 
trical kite, and the wire in the other tube by a 
similar gilt thread with the ground. Hydrogen 
soon appeared in the tube connected with the 
kite, and oxygen in the other, and in ten minutes 
the liquid in the first tube was green from the 
alkali evolved, and that in the other red from 
free acid produced. The only indication of the 
strength or intensity of the atmospheric elec- 
tricity is in the expi^ssion, “the usual shocks 
were felt on touching the string.” 

339. That the electricity in this case does not 
resemble that from any ordinary source of com- 
mon electricity is shown by several circum- 
stances. Wollaston could not effect the decom- 
position of water by such an arrangement, and 
obtain the gases in separate vessels, using com- 
mon electricity; nor have any of the numerous 
philosophers, who have employed such an ap- 
paratus, obtained any such decomposition, 
either of water or of a neutral salt, by the use 
of the machine. I have lately tried the large 
machine (290) in full action for a quarter of an 
hour, during which time seven hundred revo- 
lutions were made, without producing any sen- 
sible effects, although the shocks that it would 
then give must have been far more powerful 
and numerous than could have been taken, 
with any chance of safety, from an electrical 
kite-string; and by reference to the comparison 
hereafter to be made (371), it will be seen that 
for common electricity to have produced the 
effect, the quantity must have been awfully 
great, and apparently far more than could have 
been conduct to the earth by a gilt thread, 

^ nUoBophieol TransaeUone, 1831, p. 168. 


and at the same time only have produced the 
“usual shocks,” 

340. That the electricity was apparently not 
analogous to voltaic electricity is evident, for 
the “usual shocks” only were produced, and 
nothing like the terrible sensation due to a vol- 
taic battery, even when it has a tension so fee- 
ble as not to strike through the eighth of an 
inch of air. 

341 . It seems just possible that the air which 
was passing by the Idtc and string, being in an 
electrical state sufficient to produce the “usual 
shocks” only, could still, when the electricity 
was drawn off below, renew the charge, and so 
continue the current. The string was 1500 feet 
long, and contained two double threads. But 
when the enormous quantity which must have 
been thus collected is considered (371, 376), 
the explanation seems very doubtful. I charged 
a voltaic battery of twenty pairs of plates four 
inches square with double coppers very strong- 
ly, insulated it, connected its positive extrem- 
ity with the discharging train (292), and its 
negative pole with an apparatus like that of 
Mr. Barry, communicating by a wire inserted 
three inches into the wet soil of the ground. 
This battery thus arranged produced feeble de- 
composing effects, as nearly as I could judge 
answering the description Mr. Barry has giv- 
en. Its intensity was, of course, far lower than 
the electricity of the kite-string, but the sup- 
ply of quantity from the discharging train was 
unlimited. It gave no shocks to compare with 
the “usual shocks” of a kite-string. 

342. Mr. Barry^s experiment is a very im- 
portant one to repeat and verify. If confirmed, 
it will be, as far as I am aware, the first record- 
ed case of true electro-chemical decomposition 
of water by common electricity, and it will sup- 
ply a form of electrical current, which, both in 
quantity and intensity, is exactly intermediate 
with those of the common electrical machine 
and the voltaic pile. 

III. Magmto^dricUy 

343. Tension. The attractions and repulsions 
due to the tension of ordinary electricity have 
been well observed with that evolved by mag- 
neto-electric induction. M. Pixii, by using an 
apparatus, clever in its construction and p6w- 
eriul in its action,^ was able to obtain great di- 
vergence of the gold leaves of an electrometer.* 

344. InMotion: i . Evolutionof Eleai. TheiEnir- 
rent produced by magneto-electric induction 

* Anndtee de Chimie, L, p. dSt2. 

•/Wd., LI.p. 77. 
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CMi heat a wm in the maimer of ordinary eleo* 
tricity. At the British Association of Science at 
Oxfoid, in June of the present year, I had the 
pleasure, in conjunction with Mr. Harris, Pro- 
fessor Daniell, Mr. Duncan, and others, of mak- 
ing an experiment, for which the great magnet 
in the museum, Mr. Harris’s new electrometer 
(287), and the magneto-electric coil described 
in my first paper (34), were put in requisition. 
The latter had been modified in the manner I 
have elsewhere described,^ so as to produce an 
electric spark when its contact with the mag- 
net was made or broken. The terminations of 
the spiral, adjusted so as to have their contact 
with each other broken when the spark was to 
pass, were connected with the wire in the elec- 
trometer, and it was found that each time the 
magnetic contact was made and broken,expan- 
sion of the air within the instrument occurred, 
indicating an increase, at the moment, of the 
temperature of the wire. 

345. ii. Magnetism, These currents were dis- 
covered by their magnetic power. 

346. iii. Cfiemiccd Decomposition, I have made 
many endeavours to effect chemical decompo- 
sition by magneto-electricity, but unavailing- 
ly. In July last I received an anonymous letter 
(which has since been published)^ describing a 
magneto-electric apparatus, by which the de- 
composition of water was effected. As the term 
^^guarded points” is used, I suppose the appa- 
ratus to have been Wollaston’s (327 &c.), in 
which case the results did not indicate polar 
electro-chemical decomposition. Signor Botto 
has recently published certain results which he 
has obtained;^ but they are, as at present de- 
scribed, inconclusive. Tlie apparatus he used 
was apparently that of Dr. Wollaston, which 
gives only fallacious indications (327, &c.). As 
magneto^ectricity can produce sparks, it 
would be able to show the effects proper to this 
apparatus. The apparatus of M. Pixii already 
r^erred to (343) has however, in the hands of 
himself* and M. Hachette,^given decisive chem- 
ical results, so as to complete this link in the 
chain of evidence. Water was decomposed by 
it, and the oxygen and hydrogen obtained in 
separate tubes according to the law governing 
volta-electric and machine-electric decomposi- 
tion. 

347. iv. Physiological Effects, A frog was con- 

I Pha. Mag, and Annals, 1832, Vol. XI p. 405. 

. * Land, and Bdinb, Phil. Mag, and Jaum., 1832, 

mi Vol. I, p. 441. 


vulsed m the earUest experiments (m the^ 
rents (56). The sensarion upon Ihe tongue, and 
the flash before the eyes, which I at first ob- 
tained only in a feeble degree (56), have be^ 
since exalted by more powerful apparatus, so 
as to become even disagreeable. 

348. V. Spark, The feeble spark which I first 
obtained with these currents (32), has been 
varied and strengthened by Signori Nobili and 
Antinori, and others, so as to leave no doubt 
as to its identity with the common electric 
spark. 

IV. Thermo-ekctricity 

349. Wit|i regard to thermo-electrictty, (that 
beautiful form of electricity discovered by See- 
beck), the very conditions under whict it is ex- 
cited are such as to give no ground fon expect- 
ing that it can be raised like common electric- 
ity to any high degree of tension; the effects, 
therefore, due to that state are not to^ ex- 
pected. The sum of evidence respecting its an- 
alogy to the electricities already described, is, I 
believe, as follows: — Tension, The attractions 
and repulsions due to a certain degree of tension 
have not been observed. In Currents: i. Evo- 
lution of Heat. 1 am not aware that its power of 
raising temperature has been observed, ii. Afa^- 
netism. It was discovered, and is best recog- 
nised, by its magnetic powers, iii. Chemical De- 
composition has not been effected by it. iv. 
Physiological Effects. Nobili has shown* that 
these currents are able to cause contractions in 
the limbs of a frog. v. Spark, The spark has not 
yet been seen. 

350. Only those effects are weak or deficient 
which depend upon a certain high degree of in- 
tensity: and if common electricity be reduced 
in that quality to a similar degree with the 
thermo-electricity, it can produce no effects be- 
yond the latter. 

V. Animal Electricity 

351 . After an examination of the experimmits 
of Walsh, ^ Ingenhousz,* Cavendish,* Sir H. Da- 
vy, and Dr. Davy,^ no doubt remains on my 
mind as to the identity of the electricity of the 
torpedo with common and voltaic electricity; 
and I presume that so little will remain on the 
minds of others as to justify my refraining from 
entering at length into the philosophical proofs 
of that identity. The doubts raised by Sir H. 
Davy have been removed by his brother Dr. 

• BiblioMgue Unitersdls, XXXVll, 15. 

• Phihsomical Transaetions, 1773, p. 461 

• lUd., 1775, p. 1. » Ibid., 1820, p. 15. 

• Ibid,. 1776, p; 106. » Ibid,, 1832. m 
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of tiieUtter bdiig th6 reverse 
of those of the former. At present the sum of 
e^denoe is as follows: 

352. Tension. No sensible attractions or to- 
pulsions due to tension have been observed. 

363. In Motion: i. Evolution of Heat; not yet 
observed; I have little or no doubt that Har- 
rises electrometer would show it (287, 359). 

364. ii. Magnetim. Perfectly distinct. Ac- 
cording to Dr. Davy,* the current deflected the 
needle and made magnets under the same law, 
as to direction, which governs currents of ordi- 
nary and voltaic electricity. 

356. iii. Chemical Decomposition, Also dis- 
tinct; and though Dr. Davy used an apparatus 
of similar construction with that of Dr. Wol- 
laston (327), still no error in the present case is 
involved, for the decompositions were polar, 
and in their nature truly electro-chemical. By 
the direction of the magnet it was found that 
the under surface of the flsh was negative, and 
the upper positive; and in the chemical decom- 
positions, silver and lead were precipitated on 
the wire connected with the under surface, and 
not on the other; and when these wires were 
either steel or silver, in solution of common 
salt, gas (hydrogen?) rose from the negative 
wire, but none from the positive. 

356. Another reason for the decomposition 
being electro-chemical is, that a Wollaston^s 
apparatus constructed with vyires, coated by 
sealing-wax, would most probably not have de- 
composed water, even in its own peculiar way, 
unless the electricity had risen high enough in 
intensity to produce sparks in some part of the 
circuit; whereas the torpedo was not able to 
produce sensible sparks. A third reason is, that 
the purer the water in Wollaston’s apparatus, 
the more abundant is the decomposition; and 
I have found that a machine and wire points 
which succeeded perfectly well with distilled 
water, failed altogether when the water was 
rendered a good conductor by sulphate of soda, 
common salt, or other saline bodies. But in Dr. 
Davy’s experiments with the torpedo, strong 
solutions of salt, nitrate of silver, and super- 
acetate of lead were used successfully, and 
there is no doubt with more success than 
weafcw ernes. 

357. iv. Physiological Effects. These are so 
characteristic, that by them the peculiar pow- 
ers of the torpedo and gymnotus are principal- 
ly recogmsed. 

368. V. Spark. The electric spark has not yet 
been obti^ed, or at leatt I think not; but per- 

* PliiUfiSgkM TraklicMSMoaf, 1832, p. 280. 


haps I had better refer to the evidence on this 
point. Humboldt, speaking of results obtained 
by M. Fahlberg, of Sweden, says, “This philos- 
opher has seen an electric spark, as Wateh and 
Ingenhousz had done beiore him in London, by 
placing the gymnotus in the air, and interrupt- 
ing the conducting chain by two gold leaves 
pasted upon glass, and a line distant from each 
other.”® I cannot, however, find any record of 
such an observation by either Walsh or Ingen- 
housz, and do not know where to refer to that 
by M. Fahlberg. M. Humboldt could not hiin- 
self perceive any luminous effect. 

Again, Sir John Leslie, in his dissertation on 
the progress of mathematical and physical sci- 
ence, prefixed to the seventh edition of the En- 
cydopcedia Britannica (Edinb., 1830, p. 622), 
says, “From a healthy specimen” of the Silurus 
electricuSf meaning rather the gymnotus, “ex- 
hibited in London, vivid sparks were drawn in 
a darkened room” ; but he does not say he saw 
them himself, nor state who did see them; nor 
can I find any account of such a phenomenon; 
so that the statement is doubtful.* 

359. In concluding this summary of the pow- 
ers of torpedinal electricity, I cannot refrain 
from pointing out the enormous absolute quan- 
tity of electricity which the animal must put in 
circulation at each effort. It is doubtful wheth- 
er any common electrical machine has as yet 
been able to supply electricity sufficient in a 
reasonable time to cause true electro-chemical 
decomposition of water (330, 339), yet the cur- 
rent from the torpedo has done it. The same 
high proportion is shown by the magnetic ef- 
fects (296, 371). These circumstances indicate 
that the torpedo has power (in the way prob- 
ably that Cavendish describes) to continue the 
evolution for a sensible time, so that its suc- 
cessive discharges rather resemble those of a 
voltaic arrangement, intermitting in its action, 
than those of a Leyden apparatus, charged and 
discharged many times in succession. Inreality, 
however, there is no philosophical difference bi^ 
tween these two cases. 

360. The general conclusion which muSt»|X 

think, be drawn from this collection of facte te, 
that electricity, whatever may he its sour^; % 
identical in its nature. The phenomena m 
five kinds or species quoted, differ, nbt ihth^ 
character but only in degree; and re- 

spect vary in proportion to the yariahte; wttm- 

4 BdifOmfgh Phil'. Joumalt II, p. 249; 

« Mr; fimyley, who referred me tbeae etate- 
ments, and has extensive knoiriedge pi rsOotM 
facts, is tmacquahited with any hawt aocouht re- 
lating to them. 
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stasiees of qmrdUy and irdmrity^ which can at 
pleasure be made to change in ^most any one 
of the kinds of electricity, as much as it does 
between one kind and another. 


TcbU of the ExperimerUd Effects Common to 
the EUdricitee Derived from Different Sourced 



1. Voltaic 

Electricity XXXXXXXX 


2. Common 

Electricity XXXXXXXX 

3. Magneto- 

electricity X X X X X X X 

4. Thermo- 
electricity X X + + 4- + 

5. Animal 

electricity X X X + + X 

§ 8. Relation by Measure of Common and 
Voltaic Electricity 

361 . Believing the point of identity to be sat- 
isfactorily established, I next endeavoured to 
obtain a common measure, or a known relation 
as to quantity, of the electricity excited by a 
machine, and that from a voltaic pile; for the 
purpose not only of confirming their identity 
(378), but also of demonstrating certain gen- 
eral principles (366, 377, &c.), and creating an 
extension of the means of investigating and ap- 

1 The term quantity in electricity ie perhaps suf- 
fidentiy definite as to sense; the term intensity is 
more difficult to define strictly. 1 am using the terms 
in ^dr ordinary and accepted meaning. 

* Many of the spaces in this table originally left 
blank may now be filled. Thus with 
ffy, Botto made magnets and obtained polar chem- 
ioed decomposition: Antinori produced the spark; 
and if it hw not been done before, Mr. Watkins has 
recently heated a wire in Harris’s thermo-electrom- 
eter. In respect to animal electricity^ Matteucci and 
Linari have obtained the spark from the torpedo, 
and I have recently procured it from the gymnotua: 
Dr. Davy has observed the heating power of the cur- 
rent from the torpedo. 1 have therefore filled up 
these iq>aoea with crosses, in a different position to 
d^e others originally in the table. There remain but 
6ve ^aces unmarked, two under attraction and re- 
pdsion, and three under discharge by hot air: and 
though these effects have not yet been obtained, it is 
a necessary conclusion that they must be possible, 
mnce the spark corresponding to them has been pro- 
eured. For when a discharge across cold air can oc- 
cur, that intensity which is the only essential addi- 
^tiOAal requisite for the other effects must be present. 
lA 1938. 

. tjn hirther illustration of this subject see 855-873 
j||8i^|»Vn.--Dcc. 1838. 


plying tbe chemical powers of this wonderful 
and subtile agent. 

362. The first point to be determined was, 
whether the same absolute quantity of ordi- 
nary electricity, sent through a galvanometer, 
under different circumstances, would cause the 
same defiection of the needle. An arbitrary scale 
was therefore attached to the galvanometer, 
each division of which was equal to about 4®, 
and the instrument arranged as in former ex- 
periments (296). The machine (290), battery 
(291), and other parts of the apparatus were 
brought into good order, and retained for the 
time as nearly as possible in the same condi^ 
tion. The experiments were alternated so as to 
indicate any change in the condition of the ap- 
paratus and supply the necessary co^ections, 

363. Seven of the battery jars were removed, 
and eight retained for present use. It was found 
that about forty turns would fully charge the 
eight jars. They were then charged by'thirty 
turns of the machine, and discharged through 
the galvanometer, a tliick wet string, about ten 
inches long, being included in the circuit. The 
needle was immediately deflected five divisions 
and a half, on the one side of the zero, and in 
vibrating passed as nearly as possible through 
five divisions and a half on the other side. 

364. The other seven jars were then added 
to the eight, and the whole fifteen charged by 
thirty turns of the machine. The Henley^s elec- 
trometer stood not quite half as high as before; 
but when the discharge was made through the 
galvanometer, previously at rest, the needle 
immediately vibrated, passing exactly to the 
same division as in the former instance. These 
experiments with eight and with fifteen jars 
were repeated several times alternately with 
the same results. 

366. Other experiments were then made, in 
which all the battery waa used, and its charge 
(being fifty turns of the machine) , sent through 
the galvanometer : but it was modified by being 
passed sometimes through a mere wet thread, 
sometimes through thirty-eight inches of thin 
string wetted by distilled water, and sometimes 
through a string of twelve times the thickness, 
only twelve inches in length, and soaked in di- 
lute acid (298) . With the thick string the charge 
passed at once: with the thin string it occupied 
a sensible time, and with the thread it required 
two or three seconds before the electrometer 
fell entirely down. The current therefore must 
have varied extremely in intensity in these dif- 
f^ent cases, and yet the defiection of (he nee^ 
die was sensibly the same in all of them. If any 
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difference occurred, it was that the thin string 
and thread caused greatest deflection: and if 
there is any lateral transmission, as M. Colla- 
don sa3n9, through the silk in the galvanometer 
coil, it ought to have been so, because then the 
intensity is lower and the lateral transmission 
less. 

366. Hence it would appear that if the same 
absolute quantity of electricity pass through the 
galvanometer^ whatever may he its intensity^ the 
deflecting force upon the magnetic needle is the 
same. 

367. The battery of fifteen jars was then 
charged by sixty revolutions of the machine, 
and discharged, as before, through the galva- 
nometer. The deflection of the needle was now 
as nearly as possible to the eleventh division, 
but the graduation was not accurate enough 
for me to assert that the arc was exactly dou- 
ble the former are : to the eye it appeared to be 
so. The probability is, that the deflecting force of 
an electric current is directly proportional to the 
absolute quantity of electricity passed, at what- 
ever intensity that electricity may be.^ 

368. Dr. Ritchie has shown that in a case 
where the intensity of the electricity remained 
the same, the deflection of the magnetic needle 
was directly as the quantity of electricity pass- 
ed through the galvanometer,^ Mr. Harris has 
shown that the heating power of common elec- 
tricity on metallic wires is the same for the 
same quantity of electricity whatever its in- 
tensity might have previously been.* 

369. The next point was to obtain a voltaic 
arrangement producing an effect equal to that 
just described (367). A platina and a zinc wire 
were passed through the same hole of a draw- 
plate, being then one-eighteenth of an inch in 
diameter; these were fastened to a support, so 
that their lower ends projected, were parallel, 
and five-sixteenths of an inch apart. The upper 
ends were well-connected with the galvanom- 
eter wires. Some acid was diluted, and, after 
various preliminary experiments, tW adopted 
as a standard which consisted of one drop strong 
sulphuric acid in four ounces distilled water. 
Finally, the time was noted which the needle 

> The great and general value of the galvanometer, 
M an actual measure of the electricity passing through 
it, either continuously or interruptedly, must be 
evident from a consideration of these two conclu- 
sions. As constructed by Professor Ritchie with glass 
threads (see Philoaophical Transactions. 1830, p. 218, 
and Quarterly Journal of Science, New Series, Voi. I, 
P. 29), it apparently seems to leave nothing unsu])- 
piied in its own department. 

Journal of Science, New Series, Vol. I, 

* Plynundk fransactione^ p. 22, 


required in swinging dther from right to left or 
left to right: it was equal to seventeen beats of 
my watch, the latter giving one hundred and 
fifty in a minute. The object of these prepara- 
tions was to arrange a voltaic apparatus, winch, 
by immersion in a given acid for a given time, 
much less than that required by the needle to 
swing in one direction, should give equal de- 
flection to the instrument with the discharge of 
ordinary electricity from the battery (363, 364) ; 
and a new part of the zinc wire having been 
brought into position with the platina, the 
comparative experiments were made. 

370. On plunging the zinc and platina wires 
five-eighths of an inch deep into the acid, and 
retaining them there for eight beats of the 
watch, (after which they were quickly with- 
drawn), the needle was deflected, and contin- 
ued to advance in the same direction some time 
after the voltaic apparatus had been removed 
from the acid. It attained the five-and-a-half 
division, and then returned swinging an equal 
distance on the other side. This experiment was 
repeated many times, and always with the same 
result. 

371. Hence, as an approximation, and judg^ 
ing from magnetic force only at present (376), 
it would appear that two wires, one of platina 
and one of zinc, each one-eighteenth of an inch 
in diameter, placed five-sixteenths of an inch 
apart and immersed to the depth of five-eighths 
of an inch in acid, consisting of one drop oil of 
vitriol and four ounces distilled water, at a 
temperature about 60®, and connected at the 
other extremities by a copper wire eighteen 
feet long and one-eighteenth of an inch thick 
(being the wire of the galvanometer coils), 
yield as much electricity in eight beats of my 
watch, or in Msoths of a minute, as the electri- 
cal battery charged by thirty turns of the large 
machine, in excellent order (363, 364). Not- 
withstanding this apparently enormous dis- 
proportion, the results are perfectly in har- 
mony with those effects which are known to be 
produced by variations in the intensity and 
quantity of the electric fluid. 

372. In order to procure a reference to efem- 
ical action, the wires were now retained knr 
mersed in the acid to the depth of five-^hths 
of an inch, and the needle, when stationary, 
observed; it stood, as nearly as the unassisted 
eye could decide, at 5H division. Hence a per* 
manent deflection to that extent might be con- 
sidered as indicating a constant voltaic cur- 
rent, which in eight beats of my watA 0^9) 
could supply as much eleofaidlty as the cdec:* 
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tricsl batteiy charged by thirty turns of the 
xnachine. 

373« The following arrangements and results 
are selected from many that were made and ob- 
tained relative to chemical action. A platina 
wire one-twelfth of an inch in diameter, weigh- 
ing two hundred and sixty grains, had the ex- 
tremity rendered plain, so as to offer a definite 
surface equal to a circle of the same diameter 
as the wire; it was then connected in turn with 
tile conductor of the machine, or with the vol- 
taic apparatus (309), so as always to form the 
positive pole, and at the same time retain a 
perpendicular position, that it might rest, with 
its whole weight, upon the test paper to be em- 
ployed. The test paper itself was supported up- 
on a platina spatula, connected either with the 
discharging train (292), or with the negative 
wire of the voltaic apparatus, and it consisted 
of four thicknesses, moistened at all times to 
an equal degi ee in a standard solution of hy- 
driodate of potassa (310). 

374. When the platina wiie was connected 
with the prime conductor of the machine, and 
the spatula with the discharging train, ten turns 
of the macliine had such decomposing power as 


376* Hence it midts that both in moffneitic 
(kflecHon (371) and in c^^icoZ fore$, the our- 
r^t of electricity of the standard voltaic bat- 
tery for eight beats of the watch was equal to 
that of the machine evolved by thirty revolu- 
tions. 

377. It also follows that for this case of elec- 
tro-chemical decomposition, and it is probable 
for all cases, that the chemical powers like the 
magnetic force (366), is in direct proportion to 
Oie aheoluie quantity of electricity which passes. 

378. Hence arises still further confirmation, 

if any were required, of the identity of common 
and voltaic electricity, and that the differences 
of intensity and quantity are quite su&cient to 
account for what were supposed to be|bheir dis- 
tinctive qualities. \ 

379. The extension which the present inves- 
tigations have enabled me to make of the facts 
and views constituting the theoty of electro- 
chemical decomposition, will, with some other 
points of electrical doctrine, be almost imme- 
diately submitted to the Royal Society in an- 
other series of these Researches. 

Royal Insiituiiont Dec. 15, 1832 


to produce a pale round spot of iodine of the 
diameter of the wire; twenty turns made a 
much darker mark, and thii1;y turns made a 
dark brown spot penetrating to the second 
thickness of the paper. The difference in effect 
produced by two or three turns, more or less, 
could be distinguished with facility. 

376. The wire and spatula were then connect- 
ed with the voltaic apparatus (369), the galva- 
nometer being also included in thearrangement; 
and| a stronger acid having been prepared, 
oonsisting of nitric acid and water, the voltaic 
apparatus was immersed so far as to give a per- 
manent deflection of the needle to the b}i di- 
vision (372), the fourfold moistened paper in- 
tervening as before.^ Then by shifting the end 
of the wire from place to place upon the test 
paper, the effect of the current for five, six, 
seven, or any number of the beats of the watch 
(369) was observed, and compared with that of 
machine. After alternating and repeating 
the experiments of comparison many times, it 
was constantly found that this standard current 
<»f voltaic eleetricity, continued for eight beats 
(tf the watch, was equal, in chemical effect, to 
thirty turns of the machine; twenty-eight revo- 
lutions of the machine were sensibly too few. 

OQurse the heightened power of the voltsio 
nimry was necessary to compensate for the bad 
sritipwotor aOw interposed. 


Notb. 1 am anxious, and am permitted, to add to 
this paper a correction of an error which I have at- 
tributed to M. Ampfere in the first series of these Ex~ 
perimental Researches. In referring to his experiment 
on the induction of electrical currents (78), 1 have 
called that a disc which I should have called a circle 
or a ring. M. Ampere used a ring, or a very short cyl- 
inder made of a narrow plate of copper bent into a 
circle, and he tells me that by such an arrangement 
the motion is very readily obtained. I have not 
doubted that M. Amp&re obtained the motion he de- 
scribed; but merely mistook the kind of mobile con- 
ductor used, and so far 1 described his experimeiwt 
erroneously. 

In the same paragraph I have stated that M. Am- 
pere says the disc turned “to take a position of equi- 
librium exactly as the spiral itself would have turned 
had it been free to move” ; and farther on 1 have said 
that my results tended to invert the sense of the 
proposition “stated by M. Ampere, that a current of 
deatridty tends to put the electricity of conductors near 
which it passes in motion in the same direction.*' M. 
Ampere tells me in a letter which I have just re- 
ceived from him, that he carefully avoided, when de- 
scribing the experiment, any reference to the direc- 
tion of the induoedr current; and on looking at the 
passages he quotes to me, 1 find that to be the case. I 
nave therefore done him injustice in the above state- 
ments, and am anxious to correct my error. 

But that it may not be supposed 1 lightly wrote 
those passages, I will briefly refer to my reasons for 
understanding them in the sense I did. At first the 
experiment failed. When re-made successfully about 
a year afterwards, it was at Geneva in company with 
M. A. Dc la Rive: the latter philosopher desoiibed 
the results,* and says that the plate of copper bent 
into a circle which was used as the mobile oonduetor 
**sometime8 advanced between the two branches of 
the (horseHshoe) magnet, and sometimes was repellsd* 
aeeording to the direction of the current In tne siu^- 
rounding conductors. 

• Bibliolhhque Unimstdlst XXI, p. 43^ ^ 
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I Itftve bm in bf raferritig Danioxi* 

{errmd*B Manuel DjffifmiQmt as a book 

and Uw8 of this branch ^ science, up to the tinpe of 
its publication, in a well’erranged form. At p. 173, 
the aiithor, when describing this experiment, says, 
**The mobile circle turns to take a position of equi- 
librium as a conductor would do in which the cur- 
rent moved in the same direction as in the spiral'*; 
and in the Same paragraph he adds, *lt is therefore 
proved that a current of electricity tende to put the eiee- 
tridty of eonductorst near which it paeeee, in motion in 
the same direction" These are the words 1 quoted in 


my paper (78). 

Le LycSe of let of January, 1832, No. 36, in an 
article written after the receipt of my first unfor- 
tunate letter to M. Hachette, and before my papers 
were printed, reasons upon the direction of the in- 
duced currents, and says, that there ought to be "an 
elementary current produced in the same direction 
as the corresponding portion of the producing cur- 
rent." A little further on it says, "therefore we ought 
to obtain currents, moving in the same direction, 
produced upon a metallic wire, either by a magnet 
or a current. M. Ampere toas so thoroughly persuaded 
that such ought to he the direction of the currents hy in- 
fluence, that he neglected to assure himself of it in his 
experiment at Geneva." 


• It w^’tha^reeise sta^^tsin J^emcinleiTfmd^A 
Manuel, agreeing as they did with the exprei^on in 
M. De la Hive's paper, (which, however, I now uh- 
derstaqd as only meaning that when the indumg 
current was, changed, the motion of the mobile cirola 
changed also), and not in discordance with anyt^g 
expressed by M. Amp^e himself where he s^aks of 
the experiment, which made me conclude, wh^ 1 
wrote the paper, that what I wrote was really his 
avowed opinion; and when the Number of the Lyeie 
referred to appeared, which was before my paper 
was printed, it could excite no suspicion that I was 
in error. 

Hence the mistake into which I unwittingly 
fell. I am prpud to correct it and do full jusUce 
to the acuteness and accuracy which, as far as I 
can understand the subjects, M. Amp&re carries 
into all the branches of philosophy which he .in- 
vestigates. 

Finally, my note to (79) says that the Lyde, No. 
36, "mistakes the erroneous results of MM. Fresnel 
and Amp6re for true ones," &c. &c. In calling M, 
Ampfere’s results erroneous, I spoke of the results de- 
scribed in, and referred to by the Lye^e itself; bat 
now that the expression of the direction of the in- 
duced current is to be separated, the term erroneous 
ought no longer to be attached to them. — M. F. AprU 
29, 1833 


FOURTH SERIES 

§ 9* On a New Law of Electric Conduction § 10. On Conducting 
Power Generally 

Receivbd Afbil 24, Read Mat 23, 1833 


§ 9. On a New Law of Electric Conduction^ 

380. It was during the progress of investiga- 
tions relating to electro-chemical decomposi- 
tion, which I still have to submit to the Royal 
Society, that I encountered effects due to a 
very general law of electric conduction not hith- 
erto recognised; and though they prevented 
me from obtaining the condition I sought for, 
they afforded abundant compensation for the 
momentary disappointment, by the new and 
important interest which they gave to an ex- 
tensive part of electrical science. 

381. 1 was working with ice, and the solids 
resulting from the freezing of solutions, ar- 
ranged either as barriers across a substance to 
be decomposed, or as tiie actual poles of a vol- 
taic battery, that I might trace and catch cer- 
tain elements ih their transit, when I was sud- 
denly stopped in my progress by finding that 
ice was in such circumstances a non-conductor 
of dectneity ; and that as soon as a thin film of 
it was interposed, in the circuit of a very pow- 
erful voltaic battery, the transmission ol elec- 
tiicit;^ was prevent^ and all decomposition 
ceased. 

^ In reCerenoe to this law see further considerationB 
at 910, 1868. 1705.— Dee. 1838. 


382. At first the experiments were made with 
common ice, during the cold freezing weather 
of the latter end of January 1833; but the re- 
sults were fallacious, from the imperfection of 
the arrangements, and the following more un- 
exceptionable form of experiment was adopted. 

383. Tin vessels were formed, five inches 
deep, one inch and a quarter wide in one di- 
rection, of different widths from three-eighths 
to five-eighths of an inch in the other, and open 
at one extremity. Into these were fixed by corks, 
plates of platina, so that the latter should not 
touch the tin cases; and copper wires havhtg 
previously be^ soldered to the plate, these 
were easily connected* when required, with A 
voltaic pile. Then distilled water, previolidjr 
boiled for three hours, was poured into the yea^ 
sets, and frozen by a mixture of salt and snow^ 
so that pure transparent solid ice intervened 
between the platina and tin; and finally tiiiesa 
metals were connected with the oppodtn^Wt 
trexnities of the voltaic apparatus, 

eter being at the same time included in .the 
cuit. 

384. In the first experiment, the platina pole 
was three inches and a half long, and aeven*- 
eighthaof an inch wide; it was wildly iinxnenied 
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in the water or ioe, and as the vessel was four- 890. It seemed at iBrst as if oecamonal de- 


eighths of an inch in width, the average thick- 
ness of the intervening ice was only a quarter 
of an inch, whilst the surface of contact with it 
at both poles was nearly fourteen square inches. 
After the water was frozen, the vessel was still 
retained in the frigorific mixture, whilst con- 
tact between the tin and platina respectively 
was made with the extremities of a well-charged 
voltaic battery, consisting of twenty pair of 
four-inch plates, each with double coppers. Not 
the slightest deflection of the galvanometer 
needle occurred. 

385. On taking the frozen arrangement out 
of the cold mixture, and applying warmth to 
the bottom of the tin case, so as to melt part of 
the ice, the connexion with the battery being 
in the mean time retained, the needle did not 
at first move; and it was only when the thaw- 
ing process had extended so far as to liquefy 
part of the ice touching the platina pole, that 
conduction took place; but then it occurred ef- 
fectually, and the galvanometer needle was 
permanently deflected nearly 70®. 

386. In another experiment, a platina spat- 
ula, five inches in length and seven-eighths of 
an inch in width, had four inches fixed in the 
ice, and the latter was only three-sixteenths of 
an inch thick between one metallic surface and 
the other; yet this arrangement insulated as 
perfectly as the former. 

387. Upon pouring a little water in at the top 
of this vessel on the ice, still the arrangement 
did not conduct; yet fluid water was evidently 
there. This result was the consequence of the 
cold metals having frozen the water where they 
touched it, and thus insulating the fluid part; 
and it well illustrates the non-conducting pow- 
er of ice, by showing how thin a film could pre- 
vent the transmission of the battery current. 
Upon thawing parts of this thin film, at both 
metak, conduction occurred. 

388. Upon wanning the tin case and remov- 
ing the piece of ice, it was found that a cork 
having slipped, one of the edges of the platina 
had bMn all but in contact with the inner sur- 
face of the tin vessel; yet, notwithstanding the 
extreme tiiinness of the interfering ice in this 
place, no sensible portion of electricity had 
passed. 

889. These experiments were repeated many 
times with the same results. At last a battery 
of fifteen troughs, or one hundred and fifty 
pairs o( four-inch plates, powerfully charged, 
was Vtsed ; yet even here no sensible quantity of 
elMxioity passed the thin barrk^ of ice. 


partures from these effects occurred; but they 
could always be traced to some interfering cir- 
cumstances. The water should in every instance 
be well-frozen; for though it is not necessary 
that the ice should reach from pole to pole, 
since a barrier of it about one pole would be 
quite sufficient to prevent conduction, yet, if 
part remain fluid, the mere necessary exposure 
of the apparatus to the air or the approxima- 
tion of the hands, is sufficient to produce, at 
the upper surface of the water and ice, a film of 
fluid, extending from the platina to the tin; 
and then conduction occurs. Again, if the corks 
used to block the platina in its place are damp 
or wet within, it is necessary that the cold be 
sufficiently well applied to freeze the\ water in 
them, or else when the surfaces of theii contact 
with the tin become slightly warm py han- 
dling, that part will conduct, and the interior 
being ready to conduct also, the curr^t will 
pass. The water should be pure, not only that 
unembarrassed results may be obtained, but 
also that, as the freezing proceeds, a minute 
portion of concentrated saline solution may 
not be formed, which remaining fluid, and be- 
ing interposed in the ice, or passing into cracks 
resulting from contraction, may exhibit con- 
ducting powers independent of the ice itself. 

391. On one occasion I was surprised to find 
that after thawing much of the ice the conduct- 
ing power had not been restored; but I found 
that a cork which held the wire just where it 
joined the platina, dipped so far into the ice, 
that with the ice itself it protected the platina 
from contact with the melted part long after 
that contact was expected. 

392. This insulating power of ice is not ef- 
fective with electricity of exalted intensity. On 
touching a diverged gold-leaf electrometer with 
a wire connected with the platina, whilst the 
tin case was touched by the hand or another 
wire, the electrometer was instantly discharged 
(419). 

393. But though electricity of an intensity so 
low that it cannot diverge the electrometer, 
can still pass (though in very limited quanti- 
ties [419]) through ice; the comparative rela- 
tion of water and ice to the electricity of the 
voltaic apparatus is not less extraordinary on 
that account, or less important in its conse- 
quences. 

394. As it did not seem likely that this law of 
the assumption of conducting power during li- 
qu^actwn^ and lass of it during omgelMom^ 
would be peculiar to water, 1 immediately pro- 
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ceeded to ascertain its influence m other cases^ 
and found it to be very general. For this pur- 
pose bodies were chosen which were solid at 
common temperatures, but readily fusible; and 
of such composition as, for other reasons con- 
nected with electro-chemical action, led to the 
conclusion that they would be able when fused 
to replace water as conductors. A voltaic bat- 
tery of two troughs, or twenty pairs of four- 
inch plates (384), was used as the source of 
electricity, and a galvanometer introduced in- 
to the circuit to indicate the presence or ab- 
sence of a current. 

395. On fusing a little chloride of lead by a 
spirit lamp on a fragment of a Florence flask, 
and introducing two platina wires connected 
with the poles of the battery, there wasinstantly 
powerful action, the galvanometer was most 
violently affected, and the chloride rapidly de- 
composed. On removing the lamp, the instant 
the cldoride solidified all current and conse- 
quent effects ceased, though the platina wires 
remained inclosed in the chloride not more than 
the one-sixteenth of an inch from each other. 
On renewing the heat, as soon as the fusion had 
proceeded far enough to allow liquid matter to 
connect the poles, the electrical current in- 
stantly passed. 

396. On fusing the chloride, with one wire 
introduced, and then touching the liquid with 
the other, the latter being cold, caused a little 
knob to concrete on its extremity, and no cur- 
rent passed; it was only when the wire became 
so hot as to be able to admit or allow of contact 
with the liquid matter, that conduction took 
place, and then it was very powerful. 

397. When chloride of silver and chlorate of 
potassa were experimented with, in a similar 
manner, exactly the same results occurred. 

398. Whenever the current passed in these 
cases, there was decomposition of the sub- 
stances; but the electro-chemical part of this 
subject I purpose connecting with more gen- 
eral views in a future paper.^ 

399. Other substances, which could not be 
melted on glass, were fused by the lamp and 
blowpipe on platina connected with one pole of 
the battery, and then a wire, cozmected with 

, 1 In 1801, ^ H. Davy knew that '*dry nitre, caus- 
tic potash, and soda are conductors of galvanism 
when rendered fluid by a high degree of heat,** (J our- 
nale oftho Royal Institution, 1802, p. 63), but was not 
aware of the general law which I have been engaged 
m developing. It is remarkable, that eleven years 
after that, he should say, * ‘There are no fluids known 
^cept such as contain water, which are nibble of 
being made the medium of connexion between the 
metiu or metals of the voltaic apparatus.'* Slements 
of Ckmieta FhHosoj^, p. 160. 


the other, dipped into them. In this W!»y chlor- 
ide of so^um, sulphate of soda, protosd^ of 
lead, mixed carbonates of potash and soda, Ac., 
4&C., exhibited exactly the same phenomena as 
those already described: whilst liquid, they 
conducted and were decomposed; whilst solid, 
though very hot, they insulated the battery 
current even when four troughs were used. 



400. Occasionally the substances were con- 
tained in small bent tubes of green glass, and 
when fused, the platina poles introduced, one 
on each side. In such cases the same gener^ re- 
sults as those already described were procured; 
but a further advantage was obtained, namely, 
that whilst the substance was conducting and 
suffering decomposition, the final arrangement 
of the elements could be observed. Thus, io- 
dides of potassium and lead gave iodine at the 
positive pole, and potassium or lead at the neg- 
ative pole. (Chlorides of lead and silver gave 
chlorine at the positive, and metals at the neg- 
ative pole. Nitre and chlorate of potassa gave 
oxygen, &c., at the positive, and alkali, or even 
potassium, at the negative pole. 

401. A fourth arrangement was used for sub- 
stances requiring very high temperatures for 
their fusion. A platina wire was connected with 
one pole of the battery; its extremity bent into 
a small ring, in the manner described by Ber- 
zelius for blowpipe experiments; a little of the 
salt, glass, or other substance, was melted on 
this ring by the ordinary blowpipe, or even in 
some cases by the oxy-hydrogen blowpipe, and 
when the drop, retain^ in its place by the 
ring, was thoroughly hot and fluid, a platina 
wire from the opposite pole of the battery was 
made to touch it, and the effects observed. 

402. The following are various substances, 
taken from very different classes chemically 
considered, which are subject to this law. The 
list might, no doubt, be enormously extended} 
but I l^ve not had time to do more than eon- 
firm the law by asufficient number of inataneee. 

First, water. 

Amongst oxides; potassa, protoxide of lead, 
glass of antimony, protoxide of antimony,. ox- 
ide of bismuth. 

Chlorides of potassium, sodium, barium, 
strontium, calcium, magnesium, manganese, 
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<»?^r Idadi tin (piioto«)i 

many, siliner,.; ' 

'iodides of potassium, 2 me and lead, protio- 
dide of tin, periodide of meroury; fluoride of 
potassium; cyanide of potassium; eyiphonyyar 
nide of potassium. 

BqUo, Chlorate of potassa; nitrates of potas^ 
sa, soda, baryta, strontia, lead, copper, and sil- 
ver; sulphates of soda and lead, proto-sulphate 
of mercury; phopphates of potassa, soda, lead, 
copper, phosphoric glass or acid phosphate of 
lime; carbonates of potassa and soda, mingled 
and separate; borax, borate of lead, perborate 
of tin; chromate of potassa, bichromate of po- 
tassa, chromate of lead; acetate of potassa. 

Svlphwrete} Sulphuret of antimony, sulphur- 
et of potassium made by reducing sulphate of 
potassa by hydrogen; ordinary sulphuret of 
potfiu^. 

i Silicated potassa; chameleon mineral. 

:403. It is highly interesting in the instances 
of those substances which soften before they 
Hquefy, to observe at what period the conduct- 
ing power is acquired, and to what degree it is 
ej^ted by perfect fluidity. Thus, with the bor- 
ate of lead, when heated by the lamp upon 
glass, it becomes as soft as treacle, but it did 
not conduct, and it was only when urged by 
the blowpipe and brought to a fair red heat, 
that it conducted. When rendered quite liquid, 
it conducted with extreme facility. 

404. 1 do not mean to deny that part of the 
increased conducting power in these cases of 
softening was probably due to the elevation of 
tmnperature (432, 456); but I have no doubt 
that by far the greater part was due to the in- 
fluence of the general law already demonstrat- 
ed, and which in these instances came gradu- 
afly, instead of suddenly, into operation. 

405. The following are bodies which acquired 
no ccmdttcting power upon assuming the liquid 

^ Sulphur, phosphorus; iodide of 8ulphur,p^- 
iodide of tin; orpiment, realgar; glacial acetic 
mixed margaric and oleic acids, artiflcial 
emphor ; caffeine; sugar, adipocere, stearine of 
eocoanut oil, spermaceti, camphor, naphtha- 
line, resin, gum sandarae, shall lac. 

406. Per^oride of tin, chloride of arsenic, 
and the hydxatedy chloride of arsenic, being 
liquids, had no sensible conducting power in- 
^ated by the galvanometer, nor were they de- 

#7. Some of the above substances are suf- 

B sulphide. The -ure^ ending was for- 
aHSfly’Used lor ell binary compounds. — En. 


flcsently remaikable as exceptions to the gen^ 
eml law governing the former eases. These are 
orpiment, realgar, acetic acid, artificial cam- 
phor, periodide of tin, and the chlorides of tin 
and arsenic. 1 shall have occasion to refer to 
these cases in the paper on Electro-ch^cal 
Decomposition. 

408. Boracic acid was raised to the highest 
possible temperature by an oxy-bydrogen flame 
(401), yet it gained no conducting powers suf- 
ficient to affect the galvanometer, and under- 
went no apparent voltaic decomposition. It 
seemed to be quite as bad a conductor as air. 
Green bottle-glass, heated in the same manner, 
did not ,ga^ conducting power sensible to the 
galvanometer. Flint glass, when highw heated, 
did conduct a little and decompose; a!nd as the 
proportion of potash or oxide of leaa was in- 
creased in the glass, the effects were more pow- 
erful. Those glasses, consisting of bormc acid 
on the one hand, and oxide of lead or potassa 
on the other, show the assumption of conduct- 
ing power upon fusion and the accompanying 
decomposition very well. 

409. I was very anxious to try the general 
experiment with sulphuric acid, of about spe- 
cific gravity 1.783, containing that proportion 
of water which gives it the power of crySitalliz- 
ing at 40^ Fahr.; but I found it impossible to 
obtain it so that I could be sure the whole 
would congeal even at 0® Fahr. A ten-thou- 
sandth part of water, more or less than neces- 
sary, would, upon cooling the whole, cause a 
portion of uncongealable liquid to separate, 
and that remaining in the interstices of the sol- 
id mass, and moist^ing the planes of division, 
would prevent the correct observation of the 
phenomena due to entire solidification and sub- 
sequent liquefaction. 

410. With regard to the substances on which 
conducting power is tims conferred by liquid- 
ity, the degree of power so given is generally 
very great. Water is that body in which this ac- 
quired power is feeblest. In the various oxides, 
dilorides, salts, Ac., &c., it is given in a much 
higher degree. 1 have not had time to measure 
the conducting power in these cases, but it is 
apparently some hundred times that of pure 
water. The increased conducting power known 
to be given to water by the addition of salte, 
would seem to be in a great degree dependent 
upon the high conducting power of these bodies 
when in the liquid state, that state bemg given 
them for the time, not by beat but siflutiqn in 
the water.® 

^See a doubt on this at 1866«— 188$^ 



4IL Wibetlw ibe coodtitetixig powm ot these 
liquefied bodies is a coxisequenoe of tbdbr de- 
composition or not (418), or whether the two 
actions of conduction and decomposition are 
ess^tially connected or not, would introduce 
no difference affecting the probable accuracy 
of the preceding statement. 

412. This general aemmption of condibcting 
power by bodies as soon as they pass from the 
solid to the liquid state, offers a new and extra- 
ordinary character, the existence of which, as 
far as I know, has not before been suspect; 
and it seems importantly connected with some 
properties and relations of the particles of mat- 
ter which I may now briefly point out. 

413. In almost all the instances, as yet ob- 
served, which are governed by this law, the 
substances experimented with have been those 
which were not only compound bodies, but 
such as contain elements known to arrange 
themselves at the opposite poles; and were also 
such as could be decomposed by the electrical 
current. When conduction took place, decom- 
position occurred; when decomposition ceased, 
conduction ceased also; and it becomes a fair 
and an important question: Whether the con- 
duction itself may not, wherev^ the law holds 
good, be a consequence not merely of the cap- 
ability, but of the act of decompoation? And 
that question may be accompanied by another, 
namely: Whether solidification does not pre- 
vent conduction, merely by chaining the part- 
icles to their places, under the influence of ag- 
gregation, and preventing their final separation 
in the manner necessary for decomposition? 

414. But, on the other hand, there is one 
substance (and others may occur), the perio- 
dide of mercury, which, being experimented 
with like the o&ers (400), was found to insu- 
late when solid, and to acquire conducting pow- 
er when fluid; yet it did not seem to undergo 
decomposition in the latter case. 

415. Again, there are many substances which 
contain dements such as would be expected to 
arrange themselves at the opposite poles of the 
pile, and therefore in that respect fitted for de- 
composition, whichyetdonotconduct. Amongst 
these are the iodide of sulphur, peiiodide of 
dnc, perchloride of tin, chloride of arsenic, hy- 
drated chloride of ansenic, acetic acid, orpi- 
ment, realgar, artificial camphor, &c. ; and from 
the% it might perhaps be assumed that decom- 
position is d^ndent upon conducting power, 
^d not ti^e latter upon the former. true 
relation^ however, of conduction and deoompor 
sition ^ those belies go by thog^eral 


m 

lam which iit Is the ob|sct of this paper to ear 
tablish, can only be sathfactorily made out 
from a far more extensive series of olsm- 
vations than those I have yet been able to 
supply.^ 

416. The relation, under this lofiWf of the con- 
ducting power for dectricity to that for heat, 
is very remarkable, and seems to imply a nat- 
ural dep^ence of the two. As the solid be- 
comes a fluid, it loses almost entirely the pow- 
er of conduction for heat, but gains in a fai^ 
d^ree that for electricity ; but as it reverts back 
to the solid state, it gains the power of conduct- 
ing heat, and loses ^at of conducting electric- 
ity. If, therefore, the properties are not incom- 
patible, still they are most strongly contrasted, 
one being lost as the other is gained. We may 
hope, perhaps, hereafter to understand the 
physical reason of this very extraordinary re- 
lation of the two conducting powers, both of 
which appear to be directly connected with the 
corpuscular condition of the substances con- 
cerned. 

417. The assumption of conducting power 
and a decomposable condition by liquefaction, 
promises new opportunities of, and great fadl- 
ities in, voltaic decomposition. Thus, such bod- 
ies as the oxides, chlorides, cyanides, sulphp- 
cyanides, fiuondes, certam vitreous mixtures, 
&c., &c., may be submitted to the action of the 
voltaic battery under new circumstances; and 
indeed I have already been able, with ten pairs 
of plates, to decompose common salt, chloride 
of magnesium, borax, &c., &c., and to obtain 
sodium, magnesium, boron, &g., in their sep- 
arate states. 

§ 10. On CondveUng Power Generally^ 

418. It is not my intention here to enter into 
an examination of all the circumstances con- 
nected with conducting power, but to record 
certain facts and observations which have aris- 
en during recent inquiries, as additions to the 
general stock of knowledge relating to this 
point of electrical science. 

419, 1 was.anxious, in the first {dace, to ob^ 
tain some idea of the conducting power of ice 
and solid Salts for electricity of high tenE^n 
(392), that a comparison might be made 
tween it and the large accession of the aame 
power gained upon liquefaction. For 
pose the large electrical machine (2^) Wias 
brought mto excellent action, its ecmdiietto 

» See 679> Ao., 4co. — Dec. 1838. , ... 

* In reterenoe to this § refer to 988 in eeries Vm, 
and the resolte pemnSetM with it— JDee. ISaS. 
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^oimected vntix a delicate folcUleaf electrom- 
eter, and also with the platina inclosed in the 
ice (383), whilst the tin case was connected 
with the discharging train (292). On working 
the machine moderately, the gold leaves barely 
separated ; on working it rapidly, they could be 
opened nearly two inches. In tibis instance the 
tin case was five-eighths of an inch in width; 
and as, after the experiment, the platina plate 
was found very nearly in the middle of the ice, 
the average thickness of the latter had been 
five-sixteenths of an inch, and the extent of 
surface of contact with tin and platina four- 
teen square inches (384). Yet, under these cir- 
cumst^ces, it was but just able to conduct the 
small quantity of electricity which this ma- 
chine could evolve (371), even when of a ten- 
sion competent to open the leaves two inches; 
no wonder, therefore, that it could not conduct 
any sensible portion of the electricity of the 
troughs (384), which, though almost infinitely 
surpassing that of the machine in quantity, 
had a tension so low as not to be sensible to an 
electrometer. 

420. In another experiment, the tin case was 
only four-eighths of an inch in width, and it 
was found afterwards that the platina had been 
not quite one-eighth of an inch distant in the 
ice from one side of the tin vessel. When this 
was introduced into the course of the electric- 
ity from the machine (419), the gold leaves 
could be opened, but not more than half an 
inch; the thinness of the ice favouring the con- 
duction of the electricity, and permitting the 
same quantity to pass in the same time, though 
of a much lower tension. 

421 . Iodide of potassium which had been fused 
and cooled vros introduced into the course of 
the electricity from the machine. There were 
two pieces, each about a quarter of an inch in 
thidmess, and exposing a surface on each side 
equal to about half a square inch; these were 
placed upon platina plato, one connected with 

machine and electrometer (419), and the 
other with the discharging train, whilst a fine 
idatma wire connected the two pieces, resting 
upon them by its two points. On working the 
dectrical machine, it was possible to open the 
electrometer leaves about two-thirds of an inch . 

422. As the platina wire touched only by 
points, tiie facts show that this salt is a far bet- 
ter conductor than ice; but as the leaves of the 
deotrometer opened, it is also evident with 
what difiSculty conduction, even of the small 
Boitionof electricity produced by the machine. 
Is effected by this body in the solid state, when 
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compared to the facility with which enormous 
quantities at very low tensions are transmitted 
by it when in the fluid state. 

432. In order to confirm these results by 
others, obtained from the voltaic apparatus, a 
battery of one hundred and fifty plates, four 
inches square, was well-charged : its action was 
good; the shock from it strong; the discharge 
would continue from copper to copper through 
four-tenths of an inch of air, and the gold-leaf 
electrometer before used could be opened near- 
ly a quarter of an inch. 

424. The ice vessel employed (420) was half 
an inch in width ; as the extent of coif tact of the 
ice with^he tin and platina was ntearly four- 
teen square inches, the whole was Equivalent 
to a plate of ice having a surface of seven square 
inches, of perfect contact at each side! and only 
one-fourth of an inch thick. It was retained in 
a freezing mixture during the experiipent. 

425. The order of arrangement in th'e course 
of the electric current was as follows. The pos- 
itive pole of the battery was connected by a 
wire with the platina plate in the ice; the plate 
was in contact with the ice, the ice with the tin 
jacket, the jacket with a wire, which commun- 
icated with a piece of tin foil, on which rested 
one end of a bent platina wire (312), the other 
or decomposing end being supported on paper 
moistened with solution of iodide of potassium 
(316) : the paper was laid flat on a platina spat- 
ula connected with the negative end of the bat- 
tery. All that part of the arrangement between 
the ice vessel and the decomposing wire point, 
including both these, was insulated, so that no 
electricity might pass through the latter which 
had not traversed the former also. 

426. Under these circumstances, it was found 
that a pale brown spot of iodine was slowly 
formed under the decomposing platina point, 
thus indicating that ice could conduct a little 
of the electricity evolved by a voltaic battery 
charged up to the degree of intensity indicated 
by the electrometer. But it is quite evident 
that notwithstanding the enormous quantity 
of electricity which the battery could furnish, 
it was, under present circumstances, a very in- 
ferior instrument to the ordinary machine; for 
the latter could send as much through the ice 
as it could carry, being of a far higher intensity, 
i.e., able to open the electrometer leaves half 
an inch or more (419, 420), 

427. The decomposing wire and solution of 
iodide of potassium were then removed, and 
replaced by a very delicate galvanometer (205) ; 
it was so nearly astatic, that it vibiated to and 
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fro in about sixty-three beats of a watch giving 
one hundred and fifty beats in a minute. The 
same feebleness of current as before was still 
indicated; the galvanometer needle was de- 
flected, but it required to break and make con- 
tact three or four times (297), before the effect 
was decided. 

428. The galvanometer being removed, two 
platina plates were connected with the extrem- 
ities of the wires, and the tongue placed be- 
tween them, so that the whole charge of the 
battery, so far as the ice would let it pass, was 
free to go through the tongue. Whilst standing 
on the stone floor, there was shock, &c., but 
when insulated, I could feel no sensation. I 
think a frog would have been scarcely, if at all, 
affected. 

429. The ice was now removed, and experi- 
ments made with other solid bodies, for which 
purpose they were placed under the end of the 
decomposing wire instead of the solution of io- 
dide of potassium (425). For instance, a piece 
of dry iodide of potassium was placed on the 
spatula connected with the negative pole of the 
battery, and the point of the decomposing wire 
placed upon it, whilst the positive end of the 
battery communicated with the latter. A brown 
spot of iodine very slowly appeared, indicating 
the passage of a little electricity, and agreeing 
in that respect with the results obtained by the 
use of the electrical machine (421). When the 
galvanometer was introduced into the circuit 
at the same time with the iodide, it was with 
difficulty that the action of the current on it 
could be rendered sensible. 

430. A piece of common salt previously fused 
and solidified being introduced into the circuit 
was sufficient almost entirely to destroy the 
action on the galvanometer. Fused and cooled 
chloride of lead produced the same effect. The 
conducting power of these bodies, when fluids 
is very great (395, 402). 

431. These effects, produced by using the 
common machine and the voltaic battery, agree 
therefore with each other, and with the law 
laid down in this paper (394) ; and also with the 
opinion I have supported, in the Third Series 
of these ReaearcheSf of the identity of electric- 
ity derived from dffferent sources (360). 

432. The effect of heat in increasing the con- 
ducting power of many substances, especially 
for electricity of high tension, is well known. 
I have lately met with an extraordinary case 
of this kind, for electricity of low tensionj or 
that <4 the voltaic pile, and which is in direct 
contract with the influence of heat uponme- 


tallic bodies, as observed and described by Sir 
Humphry Davy.^ 

433. The substance presenting this effect is 
sulphuret of silver. It was made by fusing a 
mixture of precipitated silver and sublimed 
sulphur, removing the film of silver by a file 
from the exterior of the fused mass, pulveris- 
ing the sulphuret, mingling it with more sul- 
phur, and fusing it again in a green glass tube, 
so that no air should obtain access during the 
process. The surface of the sulphuret being 
again removed by a file or knife, it was consid- 
ered quite free from uncombined silver. 

434. When a piece of this sulphuret, half an 
inch in thickness, was put between surfaces of 
platina, terminating the poles of a voltdc bat- 
tery of twenty pairs of four-inch plates, a gal- 
vanometer being also included in the circuit, 
the needle was slightly deflected, indicating a 
feeble conducting power. On pressing the plat- 
ina poles and sulphuret together with the fin- 
gers, the conducting power increased as the 
whole became warm. On applying a lamp un- 
der the sulphuret between the poles, the con- 
ducting power rose rapidly with the heat, and 
at last the galvanometer needle jumped into a 
fixed position, and the sulphuret was found 
conducting in the manner of a metal. On re- 
moving the lamp and allowing the heat to fall, 
the effects were reversed, the needle at firsttbo- 
gan to vibrate a little, then gradually left its 
transverse direction, and at last returned to a 
position very nearly that which it would take 
when no current was passing through the gal- 
vanometer. 

435. Occasionally, when the contact of the 
sulphuret with the platina poles was good, the 
battery freshly charged, and the commencing 
temperature not too low, the mere current of 
electricity from the battery was sufficient to 
raise the temperature of the sulphuret; and 
then, without any application of extraneous 
heat, it went on increasing conjointly in tem- 
perature and conducting power, until the cool- 
ing influence of the air limited the effects. In 
such cases it was generally necessary to cool 
the whole purposely, to ^ow the retumii^ 
series of phenomena. 

436. Occasionally, also, the rffects woifld siiik 
of themselves, and could not be renewed until 
a fresh surface of the sulphuret had betm ap- 
plied to the positive pole. This was in consa* 
quence of peculiar results of decomposiilicmrho 
which I shall have occasion to revert in tise sec- 
tion on Electro-chemical Decompositbny and 

1 Philaeophioel TreneacHona, 1821, p. 431. 
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mA ooiiTera6£vtly avoided by kwHing the aids 
of two pieces of platina wire into the oppoate 
extremities of a portion of sulp^uret fus^ in a 
glass tube, and placing this arrangement be- 
tween the poles of the battery. 

437. The hot sulphuret of silver conducts suf- 
ficiently well to give a bright spark with char- 
coal, &c., d^c., in the manner of a metal. 

438. The native grey sulphuret of silver, and 
the ruby silver ore, both presented the same 
phenomena. The native malleable sulphuret of 
silver presented precisely the same appearances 
as the artificial sulphuret. 

439. There is no other body with which I am 
acquainted, that, like sulphuret of silver, can 
compare with metals in conducting power for 
electricity of low tension when hot, but which, 
unlike them, during cooling, loses in power, 
whilst they, on the contrary, gain. Probably, 
however, many others may, when sought for, 
be found.^ 

440. The proto-sulphuret of iron, the native 
per-sulphuret of iron, arsenical sulphuret of 
iron, native yellow sulphuret of copper and 
iron, grey artificial sulphuret of copper, arti- 
ficial sulphuret of bismuth, and artificial grey 
sulphuret of tin, all conduct the voltaic bat- 
tery current when cold, more or less, some giv- 
ing sparks like the metals, others not being suf- 
ficient for that high effect. They did not seem 
to conduct better when heated, than before; 
but 1 had not time to enter accurately into the 
investigation of this point. Almost all of them 
became much heated by the transmission of 
the current, and present some very interesting 
phenomena in that respect. The sulphuret of 
antimony does not conduct the same current 
sensibly either hot or cold, but is amongst those 
bodies acquiring conducting power when fused 
(402) . The sulphuret of silver and perhaps some 
others decompose whilst in the solid state; \mt 
the jAenomena of this decomposition will be 
ibserved for its proper place in the next series 
of these Researches. 

441. Notwithstanding the extrme dissimi- 
larity rbetween sulphuret of silver and gases or 
vapotxrsi I cannot help suspecting the action of 
heat upon them to be the same, bringing Ihem 
all into the same class as conductors of elec- 
tricity, although witii those great differences 
in degree, whi& are found to exist under com- 
mon circumstsmces. When gases are heated, 
they increase in eondtscring power, both for 
emmonmd voltaie electricity (271) ; and it is 
Ipvobabie that if we could eom|u:esB and con- 

iSi^mow on this mfajeot, 1840, 1841.----I>«0. 1^. 


dense them at the same time, we should stiH 
further increase their conducting power. Gag- 
niard de la Tour has shown that a substance, 
for instance water, may be so expanded by heat 
whilst in the liquid state, or condensed whilst 
in the vaporous state, that the two states shall 
coincide at one point, and the transition from 
one to the other be so gradual that no line of 
demarcation can be pointed out,^ that, in fact, 
the two states shall become one; which One 
state presents us at different times with differ- 
ences in degree as to certain properties and re- 
lations; and which differences are, under ordi- 
nary circumstances, so great as to be Equiva- 
lent to two different states. 1 

442. 1 cannot but suppose at present that at 
that point where the liquid and the gMeous 
state coincide, the conducting property are 
the same for l^th; but that they diminmh as 
the expansion of the matter into a rarer form 
takes place by the removal of the necessary 
pressure; still, however, retaining, as might be 
expected, the capability of having what feeble 
conducting power remains, increased by the 
action of heat. 

443. I venture to give the following sum- 
mary of the conditions of electric conduc- 
tion in bodies, not however without fearing 
that I may have omitted some important 
points.* 

444. All bodies conduct electricity in the 
same manner, from metals to lac and gases, 
but in very different degrees. 

445. Conducting power is in some bodies 
powerfully increased by heat, and in others di- 
minished, yet without our perceiving any ac- 
companying essential electrical difference, eith- 
er in the bodies or in the changes occasioned by 
the electricity conducted. 

446. A numerous class of bodies, insulating 
electricity of low intensity when solid, conduct 
it very freely when fluid, and are then decom- 
posed by it. 

447. But there are many fluid bodies which 
do not sensibly conduct electricity of this low 
intensity; there are some which conduct it 
are not decomposed; nor is fluidity essential to 
decomposition.* 

448. There is but one body yet discovered* 
which, insulating a voltaic current when solid, 

• Armalss de Chimie, XXI. pp. 127, 178. 

• Seenow jii Triation to this subjeot* 1320-1342.-^ 
Bee. 1838. 

« See the next series of these Sxperimental 
saareAee. 

• It is just possibla that this case marv hy more 
delicate experiinent, hereafter disappear. (See now* 
1340, 1341, in ndation to this noto^Bse. 1388,) 
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B&doo&ductiagitwheDfluidjisxiQtdddomposed Iween bodies supposed to be dementary and 
in the latter ease (414). those known to compounds. 

449. There is no strict electrical distinction 
of conduction which can, as yet, be drawn be- Royal InstUvlim, April 15, 1833 


FIFTH SERIES 

§ 11. On Ekctro-chemiccd Decomposition ^ i. New Conditions of 
Electro-chemical Decomposition If ii. Influence of Water in Electro- 
chemical Decomposition If iii. Theory of Electro-chemical De- 
composition 

Received June 18, Read June 20, 1833 


§ 11. On Electro-Chemical Decomposition^ 

450. 1 HAVE in a recent series of these Research- 
es (265) proved (to my own satisfaction, at 
least), the identity of electricities derived from 
different sources, and have especially dwelt up- 
on the proofs of the sameness of those obtained 
by the use of the common electrical machine 
and the voltaic battery. 

451. The great distinction of the electricities 
obtained from these two sources is the very high 
tension to which the small quantity obtained 
by aid of the machine may be raised, and the 
enormous quantity (371, 376) in which that of 
comparatively low tension, supplied by the vol- 
taic battery, may be procured; but as their ac- 
tions, whether magnetical, chemical, or of any 
other nature, are essentially the same (360), it 
appeared evident that we might reason from the 
former as to the manner of action of the latter; 
and it was, to me, a probable consequence, that 
the use of electricity of such intensity as that 
afforded by the machine, would, when applied 
to effect and elucidate electro-chemical de- 
composition, show some new conditions of 
that action, evolve new views of the internal 
arrangements and changes of the substances 
under decomposition, and perhaps give efficient 
powers over matter as yet undecomposed. 

452. For the purpose of rendering the bear- 
ings of the different parts of this series of re- 
searches more distinct, I shall divide it into 
several heads. 

If i. New CondiHom ef Electro-chemical Decom- 
position 

453. TheteneSDnbfimachineelectridtyeau8ea 
it, however small in quantity, to pass tinrou^ 
any length of water, solutions, or ot^er sub- 
stano^ classing with these as conductors^ aa 

to^ note altor 1047, Series Vni.— 2)ie. 
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fast as it can be produced, and therefore, in 
relation to quantity, as fast as it could have 
passed through much shorter portions of the 
same conducting substance. With the voltaic 
battery the case is very different, and the pas- 
sing current of electricity supplied by it suffers 
serious diminution in any substance, by con- 
siderable extension of its length, but especial- 
ly in such bodies as those mentioned above. 

454. 1 endeavoured to apply this facility of 
transmitting the current of electricity through 
any length of a conductor, to an investigation 
of the transfer of the elements in a decompos- 
ing body, in contrary directions, towards the 
poles. The general form of apparatus used in 
these experiments has been already described 
(312, 316) ; and also a particular experiment 
(319), in which, when a piece of litmus paper 
and a piece of turmeric paper were combined 
and moistened in solution of sulphate of soda, 
the point of the wire from the machine (repre- 
senting the positive pole) put upon the litmus 
paper, and the receiving point from the dis- 
charging train (292, 316), representing the neg- 
ative pole, upon the turmeric paper, a very few 
turns of the maclune sufficed to show the evo- 
lution of acid at the former, and alkali at the 
latter, exactly in the manner effected by a 
volta-electric current. 

455. The pieces of litmus and turmeric paper 
were now placed each upon a separate plate of 
glass, and connected by an insulated strmg 
four feet long, moistened in the same sohiti^im 
of sulphate of soda: the terminal decompofliiiSKK 
wire points were placed upon the papers as 
fore. On working the machine, the same evo- 
lution of acid and alkali appeared as in the 
former instance, and with equal readiness^ 
withstanding that the places of their 
ance were four feet apart fromeadi olher. 
nally,n inece of string, seventy fhet long, was 
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used. It was insulated in the air by suspenders 
of silk, so that the electricity passed through 
its entire length: decomposition took place ex* 
actly as in former cases, alkali and acid appear* 
ing at the two extremities in their proper places. 

466. Experiments were then made both with 
sulphate of soda and iodide of potassium, to as* 
certain if any diminution of decomposing ef- 
fect was produced by such great extension as 
those just described of the moist conductor or 
body under decomposition; but whether the 
contact of the decomposing point connected 
with the discharging train was made with tur- 
meric paper touching the prime conductor, or 
with other turmeric paper connected with it 
through the seventy feet of string, the spot of 
alkali for an equal number of turns of the ma- 
chine had equal intensity of colour. The same 
results occurred at the other decomposing wire, 
whether the salt or the iodide were used : and it 
was fully proved that this great extension of 
the distance between the poles produced no ef- 
fect whatever on the amount of decomposition, 
provided the same quantity of electricity were 
passed in both cases (377). 

457. The negative point of the discharging 
train, the turmeric paper, and the string were 
then removed; the positive point was left rest- 
ing upon the litmus paper, and the latter 
touched by a piece of moistened string held in 
the hand. A few turns of the machine evolved 
acid at the positive point as freely as before. 

458. The end of the moistened string, instead 
of being held in the hand, was suspended by 
glass in theair. On working themachine the elec- 
tricity proceeded from the conductor through 
the wire point to the litmus paper, and thence 
away by the intervention of the string to the 
air, so that there was (as in the last experiment) 
but one metallic pole; still acid was evolved 
there as freely as in any former case, 

459. When any of these experiments were re- 
peated with electricity from the negative con- 
ductor, corresponding effects were produced 
whether one or two decomposing wires were 
used. The results were always constant, con- 
sidered in relation to the directicm of the elec- 
tric current. 

460. These experiments were varied so as to 
include the action of only one metallic pole, 
but that not the pole connected with the ma- 
chine. Turmeric paper was moistened in solu- 
tion of sulphate of soda, placed upon glass, 
and connected with the discharging train (292) 
by a decomposing wire (312); a piece of wet 
string was hung from it, l^e lower extremity of 


which was brou|^ opposite a point obxmected 
with the positive prime conductor of the 
chine. The machine was then worked for a few 
turns, and alkali immediately appeared at the 
point of the discharging train wUch rested on 
the turmeric paper. Corresponding effects took 
place at the negative conductor of a machine. 

461. These cases are abundantly sufficient to 
show that electro-chemical decomposition does 
not depend upon the simultaneous action of 
two metallic poles, since a single pole might be 
used, decomposition ensue, and one or other of 
the elements liberated pass to the pole, accord- 
ing as it was positive or negative. In consider- 
ing the course taken by, and the final arrange- 
ment of, the other element, I had little doubt 
that 1 should find it had receded towards the 
other extremity, and that the air itself had act- 
ed as a pole, an expectation which was fully 
confirmed in the following manner, 

462. A piece of turmeric paper, not more than 
0.4 of an inch in length and 0.5 of an inch in 
width, was moistened with sulphate of soda 
and placed upon the edge of a glass plate oppo- 
site tOy and about two inches from, a point con- 
nected with the discharging train (PI. V, Fig^ 
1); & piece of tinfoil, resting upon the same 
glass plate, was connected with the machine, 
and also with the turmeric paper, by a decom- 
posing wire a (312). The machine was then 
worked, the positive electricity passing into 
the turmeric paper at the point p, and out at the 
extremity n. After forty or fifty turns of the 
machine, the extremity n was examined, and 
the two points or angles found deeply coloured 
by the presence of free alkali (PL V, Fig. 2), 

463. A similar piece of litmus paper, dipped 
in solution of sulphate of soda n, PL V, Fig. 3, 
was now supported upon the end of fhe dis- 
charging train a, and its extremity brought op- 
posite to a point p, connected with the conduc- 
tor of the machine. After working the machine 
for a shoit time, acid was developed at both 
the corners towards the point, i.e., at both the 
comers receiving the electricities from the air. 
Every precaution was taken to prevent this 
acid from being formed by sparks or brushes 
passing through the air (322); and these, 'with 
the accompanying general facts, are suffident 
to show that the acid was really the result of 
electro-chemical decomposition (466). 

464. Then a long piece of turmeric paper, 
large at one end and pointed at the oth€^, was 
moistened in the saline solution, «md immedi- 
ately connected with the conductor of thema^ 
chine, so that its pointed extrenuty wasoppo* 
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(Bite a pomtii|Km the disehargifig ttam. When 
the machine was worked, alkali was evolved at 
that point; and even when the dischar^ng 
train was removed, and the electricity left to 
be diffused and carried off altogether by the 
air, still alkali was evolved where the electric* 
ity left the turmeric paper. 

465. Arrangements were then made in which 
no metallic communication with the decom* 
posing matter was allowed, but both poles (if 
they might now be called by that name) 
formed of air only. A piece of turmeric paper a, 
PL V, Fig, 4} and a piece of litmus paper 6, were 
dipp^ in solution of sulphate of soda, put to- 
gf^her so as to form one moist pointed conduc- 
tor, and supported on wax between two needle 
points, one, p, connected by a wire with the 
conductor of the machine, and the other, n, 
with the discharging train. The interval in each 
case between the points was about half an inch ; 
the positive point p was opposite the litmus pa- 
per; the negative point n opposite the turmer- 
ic. The machine was then worked for a time, 
upon which evidence of decomposition quickly 
appeared, for the point of the litmus h became 
r^dened from acid evolved there, and the point 
of the turmeric a red from a similar and simul- 
taneous evolution of alkali. 

466. Uponturningthepaperconductorround, 
so that the litmus point should now give off 
the positive electricity, and the turmeric point 
receive it, and working the machine for a short 
time, both the red spots disappeared, and as on 
continuing the action of the machine no red 
spot was re-formed at the Utmus extremity, it 
proved that in the first instance (463) the ef- 
f^t was not due to the action of brushes or 
mere electric discharges causing the formation 
of nitric acid from the air (322). 

467. If the combined litmus and turmeric pa- 
per in this experiment be considered as consti- 
tuting a conductor independent of the machine 
or the discharging train, and the final places of 
the elements evolved be considered in relation 
to tMs conductor, then it will be found that 
the acid collects at the negative or receiving ^d 
or pole of the arrangement, and the alkali at 
the positive or delivering extremity. 

468. Similar fitmus and turmeric paper pomts 
were now placed upon glass plates, and con- 
nected by a string six f^ long, both string and 
pwpsr being moist(med in solution of sulphate 
bf soda; a needle point connected with the ma- 
4C^e was broue^t opposite the litmus paper 
^point, andanothernee^ point connected with 

farou^t c^porite the tuiv 


meitie paper« On working the maclune^ acid 
peered on the litmus, and alkali on riie turmeric 
pap^; but the latter was not so abundant asin 
former cases, for much of the electricity passed 
off from the string into the air, and diminished 
the quantity discharged at the turmeric point. 

469. Finally, a series of four small compound 
conductors, consisting of litmus and turmeric 
paper (PI. V, Fig. 5) moistened in solution of 
sulphate of soda, were supported on glass rods, 
in a line at a little distance from each other, 
between the points p and n of the machine and 
discharging train, so that the electricity might 
pass in succession through them, entermg in at 
the litmus points &, &, and passing out at the 
turmeric points a, a. On working the machine 
carefully, so as to avoid sparks and brushes 
(322), I soon obtained evidence of decomposi- 
tion in each of the moist conductors, for all the 
litmus points exhibited free acid, and the tur- 
meric points equally showed free alkali. 

470. On using solutions of iodide of potassi- 
um, acetate of lead, &c., similar effects were ob- 
tained; but as they were all consistent with the 
results above described, I refrain from describ- 
ing the appearances minutely. 

471. These cases of electro-chemical decom- 
position are in their nature exactly of the same 
kind as those affected under ordinary circum- 
stances by the voltaic battery, notwithstand- 
ing the great differences as to the presence or 
absence, or at least as to the nature of the parts 
usually called poles; and also of the final situa- 
tion of the elements eliminated at the electri- 
fied boundary surface (467). They indicate at 
once an internal action of the parts suffering 
decomposition, and appear to show that the 
power which is effectual in separating the ele- 
ments is exerted there and not at the poles. 
But 1 shall defer the consideration of this point 
for a short time (493, 518), that I may previ- 
ously consider another supposed condition of 
electro-chemical decomposition.^ 

1 1 find (since making and describing these results*) 
from a note to Sir Humphry Davye paper in the 
PkitoBojihiedl Tranaaetions. 1807, p. 31, that that 
philosopher, in repeating Wollaston’s experiment of 
the decomposition of water by common electricity 
(327, 330) used an arrangement somewhat like some 
of those I have describe. He immersed a guarded 
platina point connected with the machine in distilled 
water, and dissipated the electricity from the water 
into the air by moistened filaments of cotton. In this 
way he states that he obtained oxygen and hsrdrogen 
aeparately from each other. This experiment, had 1 
known ox it, ought to have been quoted in an earlier 
series of thm Re$earehe9 (34^; but it does not re- 
move any of the objections I have made to the use 
of Wdlaston'k apparatus aa a teat of true ‘dMaieal 
action <331>. / ;! 
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1[ iL Influence ^ Waier m Mectro^tlim^ 
DecmpcmHon 

472. It iB the opinion of several philosoph^^ 
that the presence of water is essential in diec- 
tro-ehemicai decomposition! and also for the 
evolution of electricity in the voltaic battery 
itself. As the decomposing cell is merely one of 
the cells of the battery, into which particular 
substances are introduced for the purpose of 
experiment, it is probable that what is an es- 
sential condition in the one case is more or less 
so in the other. The opinion, therefore, that 
water is necessary to decomposition, may have 
been founded on the statement made by Sir 
Humphry Davythat^^therearenofluids known, 
except such as contain water, which are capar 
ble of being made the medium of connexion 
between the metals or metal of the voltaic ap- 
paratus”;^ and again, ^Vhen any substance 
rendered fluid by heat, consisting of watery ox- 
ygen, and inflammable or metallic matter, is 
exposed to those wires, similar phenomena (of 
decomposition) occur.”* 

473. This opinion has, I think, been shown by 
other philosophers not to be accurate, though 
I do not know where to refer for a contradic- 
tion of it. Sir Humphry Davy himself said in 
1801,* that dry nitre, caustic potash and soda 
are conductors of galvanism when rendered 
fluid by a high degree of heat ; but he must have 
considered them, or the nitre at least, as not 
suflFenng decomposition, for the statements 
above were made by him eleven years sub- 
sequently. In 1826 he also pointed out, that 
bodies not containing water, as fused lUharge 
and Morale of potassay were sufficient to form, 
with platina and zinc, powerful electromo- 
tive circles;^ but he is here speaking of the pro- 
duction of electricity in the pile, and not of its 
effects when evolved; nor do his words at all 
imply that any correction of his former dis- 
tinct statements relative to decomposition was 
required. 

474. 1 may refer to the last series of these 
Experimental Researches (380, 402) as setting 
the matter at rest, by proving that there are 
hundreds of bodies equally influential with wa- 
ter in this respect; that amongst binary com- 
pounds, oxides, chlorides, iodides, and even sul- 
phurehs (402) were effective; and that amongst 
more complicated compounds, cyanides saxd 
salts; of equal efiBcacyr occurred in great num- 
bers (402). 

> Stet»«ni9 of Chemical PhUeeepkVy p. ie9,4ke» 
144 , 146 . _ 


475. Water, therefore, is in this respect mere- 
ly one of a very num^ous class of substances^ 
instead of being the only one and easentiof; and 
it is of that class one of the worst as to its capar 
Inlity of facilitating conduction and suffering 
decomposition. The reasons why it obtained 
for a time an exclusive character which it so 
little deserved are evident, and consist in the 
general necessity of a fluid condition (394); in 
its being the ordy one of this class of bodies ex- 
isting in the fltdd state at common tempera- 
tures; its abundant supply as the great natural 
solvent; and its constant use in that character 
in philosophical investigations, because of its 
having a smaller interfering, injurious, or com- 
plicating action upon the bodies, either dis- 
solved or evolved, than any other substance. 

476. The analogy of the decomposing or ex- 
perimental cell to the other ceils of the voltaic 
battery renders it nearly certain that any of 
those substances which are decomposable when 
fluid, as described in my last paper (402), 
would, if they could be introduced between the 
metallic plates of the pile, be equally effectual 
with water, if not more so. Sir Humphry Davy 
found that litharge and chlorate of potassa 
were thus effectual.* I have construct^ vari- 
ous voltaic arrangements, and found the above 
conclusion to hold good. When any of the fol- 
lowing substances in a fused state were inter- 
posed between copper and platina, voltaic ac- 
tion more or less powerful was produced. Nitre; 
chlorate of potassa; carbonate of potassa; sul- 
phate of soda; chloride of lead, of sodium, of 
bismuth, of calcium; iodide of lead; oxide of 
bismuth ; oxide of lead : the electric current was 
in the same direction as if acids had acted upon 
the metals. When any of the same substances, 
or phosphate of soda, were made to act on plat- 
ina and iron, still more powerful voltaic com- 
binations of the same kind were produced. 
When eitlier nitrate of silver or chloride of sil- 
ver was the fluid substance interposed, there 
was voltaic action, but the electric current was 
in the reverse direction. 

fiii. Theory of Ele(^o<hemical DecomposUim 

477. ITie extreme beauty and value of elecs^ 
tro**diemical decompositions have given to thsA, 
power whi<^ the voltaic pile possesses of caui^ 
ing their occurr^ce an interest surpassing thit 
of any otiier of its properties; for the powsr 
not only intxmatdy connected with the 
tinuance, if not with the productiioct, of 
dtoeisical phenomena, but it has furnhM'w 
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vfith the most beautiful demonstrations of the 
nature of many compound bodies: has in the 
hands of Becquerel been employed in. com*^ 
pounding substances; has given us several new 
combinations, and sustains us with the hope 
that when thoroughly understood it will pro- 
duce many more. 

478. What may be considered as the general 
facts of electro-chemical decomposition are 
agreed to by neaiiy all who have written on 
the subject. They consist in the separation of 
the decomposable substance acted upon into 
its proximate or sometimes ultimate principles, 
whenever both poles of the pile are in contact 
with that substance in a proper condition: in 
the evolution of these principles at distant 
points, i.e., at the poles of the pile, where they 
aie either finally set free or enter into union 
with the substance of the poles ; and in the con- 
stant determination of the evolved elements or 
principles to particular poles according to cer- 
tain well-ascertained laws. 

479. But the views of men of science vary 
much as to the nature of the action by which 
these effects are produced; and as it is certain 
that we shall be better able to apply the power 
when we really understand the manner in which 
it operates, this difference of opinion is a strong 
inducement to further inquiry. I have been led 
to hope that the following investigations might 
be considered, not as an increase of that which 
is doubtful, but a real addition to this branch 
of knowledge. 

480. It will be needful that I briefly state the 
views of electro-chemical decomposition already 
put forth, that their present contradictory and 
unsatisfactory state may be seen before I give 
that which seems to me more accurately to 
agree with facts; and I have ventured to dis- 
cuss them freely, trusting that I should give no 
offence to their high-minded authors; for I felt 
convinced that if I were right, they would be 
pleased that their views should serve as step- 
ping-stones for the advance of science; and 
that if I were wrong, they would excuse the 
zeal which misled me, since it was exerted for 
the service of that great cause whose prosper- 
ity and progress they have desired. 

481. Grotthuss, in the year 1805, wrote ex- 
pressly on the decomposition of liquids by vol- 
taic electricity.^ He considers the pile as an 
electric magnet, i.e., as an attractive and repul- 
sive ageht; the poles having oftrodt&e and repeh 
Ung lowers. The pole from whence resinous 
d^Btricity issues attracts hydrogen and repels 

4 AmtOea da Chimie, 1806. Vol. LVHL p. 64. 


oxygen, whilst that from which vitreous deo- 
tricity proceeds attracts oxygen and repels hy- 
drogen; so that each of the elements of a par- 
ticle of water, for instance, is subject to an at- 
tractive and a repulsive force, acting in con- 
trary directions, the centres of action of which 
are reciprocally opposed. The action of each 
force in rdation to a molecule of water situated 
in the course of the electric current is in the in- 
verse ratio of the square of the distance at 
which it is exerted, thus giving (it is stated) 
for such a molecule a constant forceJ^ He ex- 
plains the appearance of the elements at a dis- 
tance froippach other by referring to a succes- 
sion of decompositions and recompositions oc- 
curring amongst the intervening pmticles,^ 
and he thinks it probable that those which are 
about to separate at the poles unite to ihe two 
electricities there, and in consequence become 
gases.* \ 

482. Sir Humphry Davy’s celebrated Bakcr- 
ian Lecture on some chemical agencies of elec- 
tricity was read in November 1806, and is al- 
most entirely occupied in the consideration of 
ehctro-chemical decompositions. The facts are of 
the utmost value, and, with the general points 
established, are universally known. The mode 
of action by which the effects take place is stat- 
ed very generally, so generally, indeed, that 
probably a dozen precise schemes of electro- 
chemical action might be drawn up, differing 
essentially from each other, yet all agreeing 
with the statement there given. 

483. When Sir Humphry Davy uses more 

particular expressions, he seems to refer the de- 
composing effects to the attractions of the 
poles. This is the case in the ‘‘general expres- 
sion of facts” given at pp. 28 and 29 of the 
Philosophical Transactions for 1807, also at p. 
30. Again at p. 160 of the Elements of Chemical 
Philosophy j he speaks of the great attracting 
powers of the surfaces of the poles. He men- 
tions the probability of a succession of decom- 
positions and recompositions throughout the 
fluid, agreeing in that respect with Grott- 
huss and supposes that the attractive and re- 
pellent agencies may be communicated from 
the metallic surfaces throughout the whole of 
the menstruum^*, being communicated from one 
partide to another particle of the same and 

diminishing in strength from the place of the 
poles to the middle point, which is necessarily 

• Ibid., pp. 60. 67: also Vol. LXIII. p. 20. 

» Ibid., Vol LVIII. p. 68; Vol. LXIII. p. 20. 

4 Ibid., Vol. LXIII. p. 34. 

• Philoao^^ioal Tramactiona, 1807^ pp. 20, 80. 

• p. V Ihid,9 p* 
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neutral.^Inrefer6nce to this diminution of power 
at increased distances from i^e poies, he states 
that in a circuit of ten inches of water, solution 
of sulphate of potassa placed four inches from 
the positive pole, did not decompose; whereas 
when only two inches from that pole, it did ren- 
der up its elements.* 

484. When in 1826 Sir Humphry Davy wrote 
again on this subject, he stated that he found 
nothing to alter in the fundamental theory 
laid down in the original communication,* and 
uses the terms attraction and repulsion appar- 
ently in the same sense as before.* 

485. Messrs. Riffault and Chompr6 experi- 
mented on this subject in 1807. They came to 
the conclusion that the voltaic current caused 
decompositions throughout its whole course in 
the humid conductor, not merely as prelimi- 
nary to the recompositions spoken of by Grott- 
huss and Davy, but producing final separation 
of the elements in the course of the current, and 
elsewhere than at the poles. They considered 
the negative current as collecting and carrying 
the acids, &c., to the positive pole, and the pos- 
itive current as doing the same duty with the 
bases, and collecting them at the negative pole. 
They likewise consider the currents as more 
powerful the nearer they are to their respective 
poles, and state that the positive current is su- 
perior in power to the negative current.* 

486. M. Biot is very cautious in expressing 
an opinion as to the cause of the separation of 
the elements of a compound body.® But as far 
as the effects can be understood, he refers them 
to the opposite electrical states of the portions 
of the decomposing substance in the neigh- 
bourhood of the two poles. The fluid is most 
positive at the positive pole; that state gradu- 
ally diminishes to the middle distance, where 
the fluid IS neutral or not electrical; but from 
thence to the negative pole it becomes more 
and more negative.* When a particle of salt is 
decomposed at the negative pole, the acid par- 
ticle is considered as acquiring a negative elec- 
trical state from the pole, stronger than that of 
the surrounding undecomposed particles, and is 
therefore repelled fromamongst th^, and from 
out of that portion of the liquid towards the 
positive pole, towards which also it is drawn 
by the attraction of the pole itself and the par- 
ticles of positive undecomposed fluid around it.* 


487. M. Biot does not appear to admit tiie 
successive decompositions and recompotitions 
spoken of by Grotthuss, Davy, &c., &c.; but 
seems to consider the substance whilst in trans- 
it as combined with, or rather attached to, the 
electricity for the time,® and though it com- 
municates this electricity to the surrounding 
undecomposed matter with which it is in con- 
tact, yet it retains during the transit a little su- 
periority with respect to that kind which it first 
received from the pole, and is, by virtue of that 
difference, carried forward through the fluid to 
the opposite pole.*® 

488. This theory implies that decomposition 
takes place at both poles upon distinct portions 
of fluid, and not at all in the intervening parts. 
The latter serve merely as imperfect conduc- 
tors, which, assuming an electric state, urge 
particles electrified more highly at the pote 
through them in opposite directions, by virtue 
of a series of ordinary electrical attractions and 
repulsions.** 

489. M. A. de la Rive investigated this sub- 
ject particularly, and published a paper on it 
in 1825.** He thinks those who have referred 
the phenomena to the attractive powers of the 
poles, rather express the general fact than give 
any explication of it. He considers the results 
as due to an actual combination of the ele- 
ments, or rather of half of them, with the elec- 
tncities passing from the poles in consequence 
of a kind of play of affinities between the mat- 
ter and electricity.*® The current from the pos- 
itive pole combining with the hydrogen, or the 
bases it finds there, leaves the oxygen and acids 
at liberty, but carries the substances it is unit- 
ed with across to the negative pole, where, be- 
cause of the peculiar character of the metal as 
a conductor,** it is separated from them, enter- 
ing the metal and leaving the hydrogen or 
bases upon its surface. In the same manner the 
electricity from the negative pole sets the hy- 
drogen and bases which it finds there, free, but 
combines with the oxygen and acids, carries 
them across to the positive pole, and there de- 
posits them.** In this respect M. de la Rive’s 
hypothesis accords in part with that of MM. 
Riffault and Chompr4 (485). 

460. M. de la Rive considers the portions of 
matter which are decomposed to be those 
tiguous to boiti poles.*® He does not admit witili 


> Ibid., p. 42. 
• Ibid., p. 42. 


• Ibid., 1826, p. 383. 
4jr6<d.,pp.*9, 407,416. 


• Atma& de Chintie, 1807, m LXIIIt P- Ae. 
•Pn^ SitmeeUaire d$ 8-* Mition, 
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u Ibid., pp. 638, 642. 
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othehi the 8U«)oe8siv6 decompositioxis and re- 
eompositionB in the whole eourse of the dieo- 
trieitythroughthehumidcotiductor,^but thinks 
the middle parts are in themselves unaltered, 
4>r at least serve only to conduct the two con- 
trcury currents of electricity and matter which 
set off from the opposite poles.^ The decompo- 
sition, therefore, of a particle of water, or a 
particle of salt, may take place at either pole, 
and when once effected, it is final for the time, 
no recombination taking place, except the mo- 
mentary union of the transferred particle with 
the electricity be so considered. 

491. The latest communication that I am 
aware of on the subject is by M. Hachette: its 
date is October 1832.^ It is incidental to the de- 
scription of the decomposition of water by the 
magneto-electric currents (346). One of the re- 
4Hiilts of the experiment is, that is not neces- 
sary, as has been supposed, that for the chem- 
ical decomposition of water, the action of the 
two electricities, positive and negative, should 
be simultaneous.” 

492. It is more than probable that many 
other views of electro-chemical decomposition 
may have been published, and perhaps amongst 
them some which, differing from those above, 
might, even in my own opinion, were I ac- 
quainted with them, obviate the necessity for 
the publication of my views. If such be the case, 
1 have to regret my ignorance of them, and 
apologize to the authors. 

493. That electro-chemical decomposition 
does not depend upon any direct attraction 
and repulsion of the polei (meaning thereby 
the metallic terminations either of the voltaic 
battery, or ordinary electrical machine arrange- 
ments [312]), upon the elements in contact 
witk or near to them, appeared very evident 
from the experiments m^e in air (462, ^5, 
dec.), when the substances evolved did not col- 
lect about any poles, but, in obedience to the 
direction of the current, were evolved, and I 
would say ejected, at the extremities of the de- 
composingBubstance. But notwithstanding the 
extieme dissimilarity in the character of air 
and metals, and fhe almost total difference ex- 
isting between them as to their mode of con- 
ducting electricity, and becoming charged with 
it, it might perhaps still be contended, although 
quite hypothetically, that the bounding por- 
tions of air were now the j^aces or places of 
attraction, as the metahhad be^ supposed to 


be before. In illuBtratioa of this and other 
points, 1 endeavoured to devise an arrange* 
mentby uriiich Icould deconiposea body against 
a surface of water, as well as £^ainst air or meb* 
ai, and succeeded in doing so unexceptionably 
in the following manner. As the experiment for 
very natural reasons requires many precau- 
tions, to be successful, and will be referred to 
hereafter in illustration of the views I shall 
venture to give, I must describe it minutely. 

494. A gli^ basin (PL V, Fig, d), four inches 
in diameter and four inches deep, had a divi- 
sion of mica a, fixed across the upper ppt so as 
to descendtJne inch and a half below tpe edge, 
and be perfectly water-tight at thelsides: a 
plate of platina 6, three inches wide, Was put 
into the basin on one side of the division a, and 
retained there by a glass block below, Ito that 
any gas produced by it in a future stage^ f the 
experiment should not ascend beyond the mi- 
ca, and cause currents in the liquid on that 
side. A strong solution of sulphate of magnesia 
was carefully poured without splashing into 
the basin, until it rose a little above the lower 
edge of the mica division a, great care being 
talmn that the glass or mica on the unoccupied 
or c side of the division in the figure, should not 
be moistened by agitation of the solution above 
the level to which it rose. A thin piece of clean 
cork, well-wetted in distilled water, was then 
carefully and lightly placed on the solution at 
the c side, and distilled water poured gently on 
to it until a stratum the eighth of an inch in 
thickness appeared over the sulphate of mag- 
nesia; all was then left for a few minutes, that 
any solution adhering to the cork might sink 
away from it, or be removed by the water on 
whi^ it now floated; and then more distilled 
water was added in a similar manner, until it 
reached nearly to the top of the glass. In this 
way solution of the sulphate occupied the low- 
er part of the glass, and also the upper on the 
right-hand side of the mica; but on the left- 
hand side of the divirion a stratum of water 
from c to d, one inch and a half in depth, re->. 
posed upon it, the two presenting, when looked 
through horizontally, a comparatively definite 
plane of contact. A second platina pole s, was 
arranged so as to be just under the surface of 
the water, in a position nearly horizontal, a 
little indination being given to it, that ga8 
evolved during decomposition might escape: 
the part ipiniersed was three iuches and a half 
long by 01 ^ ixieh wide, and about seven-eighths 
of an inch of water intervene t^weenit a^ 
the solution of sqlpbate of mag&6ria> . 
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495« Tbe iattw poh e ms mow jcoimected 
with tbe negative end of a voltaic lottery, of 
forty pairs of {dates four inches square, wUlst 
the former pole b was conneeted with the posi- 
tive end. There was action and gas evolv^ at 
both poles; but from the intervention of the 
pure wat^, the deeompositicm was very feeble 
compared to what the battery would have ef- 
fect^ in a uniform solution. After a little while 
Qess than a minute), magnesia also appeared 
at the negative side: it did not make its appear- 
ance at the negative metaUic poh, but in the war 
ter, at the plane where the solution and the war 
ter met; and on looking at it horizontally, it 
could be there perceived lying in the water up- 
on the solution, not rising more than the fourth 
of an inch above the latter, whilst the water 
between it and the negative pole was perfectly 
clear. On continuing the action, the bubbles of 
hydrogen rising upwards from the negative 
pole impressed a circulatory movement on the 
stratum of water, upwards in the middle, and 
downwards at the side, which gradually gave 
an ascending form to the cloud of magnesia in 
the part just under the pole, having an appear- 
ance as if it were there attracted to it: but this 
was altogether an effect of the currents, and 
did not occur until long after the phenomena 
looked for were satisfactorily asceiiained. 

496. After a little while the voltaic communi- 
cation was broken, and the platina poles re- 
mold with as little agitation as possible from 
the water and solution, for the purpose of ex- 
amining the liquid adhering to them. The pole 
6, when touched by turmeric paper, gave no 
traces of alkali, nor could anything but pure 
water be found upon it. The pole 6, though 
drawn through a much greater depth and quan- 
tity of fluid, was found so acid as to give abun- 
dant evidence to litmus paper, the tongue, and 
other tests. Hence there hiul been no interfer- 
ence of alkaline salts in any way, undergoing 
first decomposition, and then causing the sep- 
aration of the magnefida at a distance from the 
pole by mere chemical ajgencies. This experi- 
ment was repeated again and again, and id- 
ways successfully; 

497. As, tiierefore, the substances evolved in 
cases of electro-chemical decomposition may 
be made to appear af^iinst air (465, 469)rr’ 
whieh^ aceording to cmnmmi language, is not a 
ccmductor, nor is. decon^posed, or a^unst w^ 
ter <496), whichis aecmductor, and can bade- 
comppa^^-rfusi well as afpeunst tlm metal <p<d^^ 

are ^^llentcdndnotoza, but undeeom- 
p08al4e;4iim but Kttierea^ taooa- 


rider the {dmnommia generally, as due to the 
a^eriion or . attractive powers of the latter, 
when used in the ordinary way, since similar at- 
tractions can hardly be imagined in the former 
instances^ 

498. It may be said that the surfaces of ak 
or of water in these cases become the poles, 
and exert attractive powers; but what proof is 
there of that, except the fact that the matters 
evolved collect there, which is the point to 
be explained, and cannot be justly quoted as its 
own explanation? Or it may be said that any 
section of the humid conductor, as that in the 
present case, where the solution and the water 
meet, may be considered as representing the 
pole. But such does not appear to me to the 
view of those who have written on the subject, 
certainly not of some of them, and is inconsist- 
ent with the supposed laws which they have 
assumed, as governing the diminution of pow- 
er at increas^ distances from the poles. 

499. Grotthuss, for instance, describes the 
poles as centres of attractive and repulrive 
forces (481), these forces varying inversely aa 
the squares of the distances, and says, there- 
fore, that a particle placed anywhere between 
the poles will be acted upon by a constant 
force. But the compound force, resulting from 
such a combination as he supposes, would be 
anything but a conri^ant force; it would evi- 
dently be a force greatest at the poles, and di- 
minishing to the middle distance. Grotthuss is 
right, however, in the f act ^ according to my ex- 
periments (502, 505), that the particles are act- 
ed upon by equal force everywhere in the cir- 
cuit, when the conditions of the experiment are 
the simplest possible; but the fact is ^ainat 
his theory, and is also, I think, against all the- 
ories that place the decomposing effect in the 
attractive power of the poles. 

500. Sir Humphry Davy, who also speaks of 
the diminution of power with increase of dis- 
tance from the poles^ (483), supposes, that 
when both poles are acting on substances to 
decompose them, still the power of decomposi- 
tion dimirmhee to tbe middle distance. In this 
statement of fact he is opposed to Grotthiiss, 
and quotes an experiment in which sulphate df 
{totassa, placed at different distances from tto 
poles in a humid conductor of constant tengih^ 
decomposed when near the pole, but not/wbisa 
at a distimee. Sudh a consequence would mef- 
essariiy result theoretically from conridsriz^ 
tbe pc^ asoentritopf attraction and repmsiQii; 
but 1 liiave n^t found the stotoxfiriit b^e ont 
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by other experiments (505); and in the one 
quoted by hhn the ^eet was doubtless doe to 
some of the many interfering causes of varia- 
tion which attend such investigations. 

501. A glass vessel had a platina plate fixed . 
perpendicularly across it, so as to divide it into 
two cells : a head of mica was fixed over it, so as 
to collect the gas it might evolve during exper- 
iments; then each cell, and the space beneath 
the mica, was filled with dilute sulphuric acid. 
Two poles were provided, consisting each of a 
platina wire terminated by a plate of the same 
metal; each was fixed into a tube passing 
through its upper end by an air-tight joint, 
that it might be moveable, and yet that the 
gas evolved at it might be collected. The tubes 
were filled with the acid, and one immersed in 
each cell. Each platina pole was equal in sur- 
iace to one side of the dividing plate in the 
middle glass vessel, and the whole might be 
considered as an arrangement between the poles 
of the battery of a humid decomposable con- 
ductor divided in the middle by the interposed 
platina diaphragm. It was easy, when required, 
to draw one of the poles further up the tube, 
and then the platina diaphragm was no longer 
in the middle of the humid conductor. But 
whether it were thus arranged at the middle, 
or towards one side, it always evolved a quan- 
tity of oxygen and hydrogen equal to that 
evolved by both the extreme plates.^ 

502. If the wires of a galvanometer be term- 
inated by plates, and these be immersed in di- 
lute acid, contained in a regularly formed rec- 
tangular glass trough, connected at each end 
with a voltaic battery iJy poles equal to the 
section of the fluid, a part of the electricity will 
pass through the instrument and cause a cer- 
tain deflection. And if the plates are always re- 
tained at the same distance from each other and 
from the sides of the trough, are always paral- 
lel to each other, and uniformly placed relative 
to the fluid, then, whether they are immersed 
near the middle of the decomposing solution, 
or at one end, still the instrument will indicate 
the same deflection, and consequently the same 
^ectfic influence. 

503. It is very evident, that when the width 
of the decomposing conductor varies, as is al- 
ways the case wh^ mere wires or plates, as 
poles, are dipped into or are surrounded by so- 
lution, no constant expression can be given as 

t There are certain precautions, in this and such 
^experta&ente, which can only be understood and 
goatded against by a knowledge of the phenomena 
is he described in the first part of the Sixth Series of 
llisee JSeitfgfcass. 


to the action upon a single particle placed in 
the course of the current, nor any conclusion of 
use, relative to the supposed attractive or re- 
pulsive force of the poles, be drawn. The force 
will vary as the distance from the pole varies; 
as the particle is directly between the poles, or 
more or less on one side ; and even as it is near- 
er to or farther from the sides of the containing 
vessels, or as the shape of the vessel itself var- 
ies; and, in fact, by making variations in the 
form of the arrangement, the force upon any 
single particle may be made to increase, or di- 
minish, or remain constant, whilst the distance 
between the particle and the pole shall remain 
the same ; or the force may be made to pcrease, 
or diminish, or remain constant, either as the 
distance increases or as it diminishes.! 

504. From numerous experiments, ll am led 
to believe the following general expression to 
be correct; but I purpose examining ik much 
further, and would therefore wish not' to be 
considered at present as pledged to its accura- 
cy. The sum of chemical decomposition is con- 
slant for any section taken across a decompos- 
ing conductor, uniform in its nature, at what- 
ever distance the poles may be from each other 
or from the section; or however that section 
may intersect the currents, whether directly 
across them, or so oblique as to reach almost 
from pole to pole, or whether it be plane, or 
curved, or irregular in the utmost degree; pro- 
vided the current of electricity be retsiined 
constant in quantity (377), and that the sec- 
tion passes through every part of the current 
through the decomposing conductor. 

505. 1 have reason to believe that the state- 
ment might be made still more general, and ex- 
pressed thus: That for a constant quantity of 
electricUy^ whenever the decomposing conductor 
may he, whether water, saline solutions, adds, 
fused bodies, &c,, the amount of ekctro-ciiemical 
action is also a constarU quantity, i.e., would al- 
ways be equivalent to a standard chemical effect 
founded upon ordinary chemical affinity, I have 
this investigation in hand, with several others, 
and shall be prepared to give it in the next ser- 
ies but one of these Researches, 

506. Many other arguments might be ad- 
duced against the hypotheses of the attraction 
of the poles being the cause of electro-chemical 
decomposition; but 1 would rather pass on to 
the view 1 have thought more consistent with 
facts, with this angle remark; that if decom- 
position by the voltaic battery depended upon 
the attractioh of the poles, or the parts almt 
them, bemg strongo^ than the midiual attrae** 



Jtm 1838 ELEOrRlCfnY 88? 


tion of the partields separated, it would follow 
thattheweakOste24»;<rica^attraetionwas6trong- 
er than, if not the strongest, yet very strong 
diemcd attraction, namely, such as exists be- 
tween oxygen and hydrogen, potassium and 
oxygen, chlorine and sodium, acid and alkali, 
&c., a consequence which, although perhaps 
not impossible, seems in the present state of 
the subject very unlikely. 

507. The view which M. de la Rive has taken 
(489), and also MM. Riffault and Chompr4 
(485), of the manner in which electro-chemical 
decomposition is effected, is very different to 
that already considered, and is not affected by 
either the arguments or facts urged against the 
latter. Considering it as stated by the former 
philosopher, it appears to me to be incompe- 
tent to account for the experiments of decom- 
position against surfaces of air (462, 469) and 
water (495), which I have described; for if the 
physical differences between metals and hu- 
mid conductors, which M. de la Rive supposes 
to account for the transmission of the com- 
pound of matter and electricity in the latter, 
and the transmission of the electricity only 
with the rejection of the matter in the former, 
be allowed for a moment, still the analogy of 
air to metal is, electrically considered, so small, 
that instead of the former replacing the latter 
(462), an effect the very reverse might have 
been expected. Or if even that were allowed, 
the experiment with water (496), at once sets 
the matter at rest, the decomposing pole being 
now of a substance which is admitted as com- 
petent to transmit the assumed compound of 
electricity and matter. 

508. With regard to the views of MM. Rif- 
fault and Chompr4 (485), the occurrence of de- 
composition alone in the course of the current 
is so contrary to the well-known effects ob- 
tained in the forms of experiment adopted up 
to this time, that it must be proved before the 
hypothesis depending on it need be considered. 

509. The consideration of the various the- 
ories of electro-chemical decomposition, whilst 
it has made me diffident, has also given me con- 
fidence to add another to the number; for it is 
because the one I have to propose appears, after 
the most attentive consideration, to explain 
and agree with the immense collection of facts 
belonging to this branch of science, and to re- 
main uncontradicted by, or unopposed to, any 
of them, that I have been encouraged to giveit. 

519. Electro-chemical decomposition is well 
known to ctepend essentially up(m the current 
of electricity. I have shoum that in certain 


cases (375) tiie decomposition is proportionate 
to the quantity of electricity passing, whatever 
may be its intensity or its source, and that the 
same is probably true for all cases (377) even 
when the utmost generality is taken on the one 
hand, and great precision of expression on the 
other (505). 

51 1. In speaking of the current, I find myself 
obliged to be still more particular than on a 
former occasion (283), in consequence of the 
variety of views taken by philosophers, all 
agreeing in the effect of the current itself. Some 
philosophers, with Franklin, assume but one 
electric fluid; and such must agree together in 
the general uniformity and character of the 
electric current. Others assume two electric 
fluids ; and here singular differences have arisen. 

512. MM. Riffault and Chompr4, forinstance, 
consider the positive and negative currents each 
as causing decomposition, and state that the 
positive current is more powerful than the neg- 
ative current,* the nitrate of soda being, under 
similar circumstances, decomposed by the for- 
mer, but not by the latter. 

613. M. Hachette states® that ^*it is not nec- 
essary, as has been believed, that the action of 
the two electricities, positive and negative, 
should be simultaneous for the decomposition 
of water.^^ The passage implying, if I have 
caught the meaning aright, that one electricity 
can be obtained, and can be applied in effect- 
ing decompositions, independent of the other. 

514. The view of M. de la Rive to a certain 
extent agrees with that of M. Hachette, for he 
considers that the two electricities decompose 
separate portions of water (490).* In one pas- 
sage he speaks of the two electricities as two 
influences, wishing perhaps to avoid offering a 
decided opinion upon the independent exist- 
ence of electric fluids; but as these influences 
are considered as combining with the elements 
set free as by a species of chemical affinity, and 
for the time entirely masking their character, 
great vagueness of idea is thus introduced, in- 
asmuch as such a species of combination can 
only be conceived to take place between things 
having independent existences. The two ele- 
mentary electric currents, moving in opposite* 
directions, from pole to pole, constitute the 
ordinary wUaic current. 

516. M. Grotthuss is inclined to believe that 
the elements of water, when about to separette 
at the poles, combine with the electriciti^ and 

> Annale$ d$ CUmU, 1807, Vol. LXIH, p. 34. 

• iWi., 1832, Vol. LI, p. 73. 

»/Wd.. 1826, Vol. XXVIII, pp. 197, 201. 
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80 become geses. M. de la Rive’e view is the 
exact averse of this: whilst passmg through 
the fluid, they are, according to him, com^ 
pounds with the electricities; when evolved at 
the poles, they are de-electrified. 

616. 1 have sought amongst the various ex- 
periments quoted in support of these views, or 
connected with electro-chemical decomposi- 
tions or electric currents, for any which might 
be considered as sustaining the theory of two 
electricities rather than that of one, but have 
not been able to perceive a single fact which 
could be brought forward for such a purpose: 
or, admitting the hypothesis of two electric- 
ities, much less have I been able to perceive the 
slightest grounds for believing that one elec- 
tricity in a current can be more powerful than 
the other, or that it can be present without the 
other, or riiatonecanbe variedor in the slightest 
degree affected, without a corresponding vari- 
ation in the other If, upon the supposition of 
two electricities, a current of one can be ob- 
tained without the other, or the current of one 
be exalted or diminished more than the other, 
we might surely expect some variation either 
of the chemical or magnetical effects, or of both ; 
but no such variations have been observed. If 
a current be so directed that it may act chem- 
ically in one part of its course, and magnetical- 
ly in another, the two actions are always found 
to take place together. A current has not, to 
my knowledge, l^en produced which could act 
chemically andnotmagnetically, nor any which 
can act on the magnet, and not atihe same time 
chemically.* 

517. Judging from facts ordyt there is not as 
yet the sli^test reason for considering the in- 
fluence which is present in what we call the 
electric current,— whether in metals or fused 
bodies or humid conductors, or even in air, 
flame, and rarefied elastic media, — as a com- 
pound or complicated influence. It has never 
been resolved into simpler or elementary in- 
fluences, and may perhaps best be conceived 
(rf as an axisof power homing contrary foroest 
acUy equal in amounlf in contrary directions. 

618. Passmg to the consideration of electro- 
chemical decomposition, it appears to me that 
tilie effect is produced by an interned corpuscular 
oefion, exerted according to the direction of the 

t Bee now in relation to this subject, 1627^1645. — 
XMe. 1838. 

* Tjhermo-eleetrio currents are of course no excep- 
tion, because when they fail to act bhemioaliy they 
dbo fill to be currents. 


dectric cnrtseflt^'and tiiat it Is due to a force 
. either super-adM io, or gwing direction to the 
ordinary chemical affinity of the bodies present. 
The body under decomposition may be eonrid- 
ered as a mass of acting particles, all those 
which are included in the course of the diectrio 
current contributing to the final effect; and it 
is because the ordinary chemical affinity is re- 
lieved, weakened, or partly neutralized by the 
influence of the electric current in one direc- 
tion parallel to the course of the latter, and 
strengthened or added to in the opposite direc- 
tion, that the combining particles have a ten- 
dency to^poBS in opposite courses, j 

519. In this view the effect is considered as 
essentially dependent upon the mvlual xdiemical 
affinity of the particles of opposite kinds. Par- 
ticles a a, PI. V, Fig. 7, could not be transferred 
or travel from one pole N towards the other P, 
unless they found particles of the opposi^ kind 
b b ready to pass in the contrary direction: for 
it is by virtue of their increased affinity for 
those particles, combined with their diminished 
affinity for such as are behind them in their 
course, that they are urged forward: and when 
any one particle a, PI. V, Fig, 8, arrives at the 
pole, it is excluded or set free, because the par- 
ticle b of the opposite kind, with which it was 
the moment before in combination, has, under 
the superinducing influence of the current, a 
greater attraction for the particle a', which is 
before it in its course, than for the particle a, 
towards which its affinity has been weakened. 

520. As far as regards any single compound 
particle, the case may be considered as analo- 
gous to one of ordinary decomposition, for, in 
Fig. 8, a may be conceived to be expelled from 
the compound a b by the superior attraction of 
a' for 6, that superior attraction belonging to it 
in consequence of the relative position of a' b 
and a to the direction of the axis of electric 
power (517) superinduced by the cuiraat. But 
as all the compound particles in the course of 
the current, except those actually in contact 
with the poles, act conjointly, and consist of 
elemaitary particles, wUch, whilst they are in 
one direction expelling, are in the other being 
expelled, the case becomes more complicated, 
but not more difficult of oomprehenmonu 

521. It is not here assumed that the acting 
particles must be in a ri^t line between the 
poles. The lines of action which may be sup- 
posed to repres^t the electric currents passmg 
through a deopmposing liquid, have in many 
experiments ve«y irreg^iiiar forra; and 'even in 
the sunplest ts8se of two wires or poukts ini- 
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m^tsed as poles m a drop or larger magle poi^ 
tion of fluids l^ese lines must diverge rapidly 
from the poles; and the direction in whic^ the 
chemical affinity between particles is most pow- 
erfully modified (619, 620) will vary with the 
direction of these lines, according constantly 
with them. But even in reference to these lines 
or currents, it is not supposed that the parti- 
cles which mutiudly affect each other must of 
necessity be parallel to them, but only that 
they shall accord generally with their direc- 
tion. Two particles, placed in a line perpendic- 
ular to the electric current passing in any par- 
ticular place, are not supposed to have their 
ordinary chemical relations towards each other 
affected ; but as the line joining them is inclined 
one way to the current their mutual affinity is 
increased ; as it is inclined in the other direction 
it is dimii^hed; and the effect is a maximum, 
when that line is parallel to the current.^ 

622. That the actions, of whatever kind they 
may be, take place frequently in oblique direc- 
tions is evident from the circumstance of those 
particles being included which in numerous 
cases are not in a line between the poles. Thus, 
when wires are used as poles in a glass of solu- 
tion, the decompositions and recompositions 
occur to the right or left of the direct line be- 
tween the poles, and indeed in every part to 
which the currents extend, as is proved by 
many experiments, and must therefore often 
occur between particles obliquely placed as re- 
spects the current itself; and when a metallic 
vessel containing the solution is made one pole, 
whilst a mere point or wire is used for the other, 
the decompositions and recompositions must 
frequently be still more oblique to the course 
of the currents. 

623. The theory which I have ventured to 
put forth (almost) requires an admission, that 
in a compound body capable of electro-chem- 
ical decomposition the elementary particles 
have a mutual relation to, and influence upon 
each other, extending beyond those with which 
they are immediately combined. Thus in wa- 
ter, a particle of hydrogen in combination with 
oxygen is considered as not altogether indif- 
ferent to other particles of oxygen, although 
they are combined with other particles of hy- 
drogen; but to have an affinily or attraction 
towarcte them, which, though it does not at idl 
approach in force, under ordinary circum- 
stances, to that by whichitiscombm^withits 
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own pa^le, cm, un^ tibe electric hiBxm&c, 
exertiMl in a definite direction, be made evm to 
surpass it. This g^eral rdation of particles 
already in combination to other particles wi^ 
which they are not combined, is sufficientiy 
distinct in numerous results of a purely chem-* 
ical character; especially in those where partial 
decompositions only t^e place, and in Beis 
thollet’s experiments on the effects of quantity 
upon afiinity: and it probably has a direct re- 
lation to, and connexion with, attraction of 
aggregation, both in solids and fluids. It is a 
remarkable circumstance, that in gases and 
vapours, where the attraction of aggregation 
ceases, there likewise the decomposing powers 
of electricity apparently cease, and there also 
the chemical action of quantity is no longer 
evident. It seems not unlikely that the inatfil- 
ity to suffer decomposition in these cases may 
be dependent upon the absence of that mutual 
attractive relation of the particles .which is ihc 
cause of aggregation. 

624. 1 hope I have now distinctly stated, al- 
though in general terms, the view I entertain 
of the cause of electro-chemical decomposition, 
08 far as that cause can ai present he traced and 
understood. I conceive the effects to arise from 
forces which are intemalf relative to the mat- 
ter under decomposition — and not external, as 
they might be considered, if directly dep^d- 
ent upon the poles. 1 suppose that the 
are due to a modification, by the electric cur- 
rent, of the chemical affinity of the particles 
through or by which that current is passing, 
giving them the power of acting more forcibly 
in one direction than in another, and conso- 
quently making them travel by a series of suc- 
cessive decompositions and recompositions in 
opposite directions, and finally causing thtir 
expulsion or exclusion at the boundaries of the 
body under decomposition, in the direction of 
the current, and that in larger or smaller quan- 
tities, according as the current is more or less 
powerful (377). I think, therefore, it would be 
more philosophical, and more directly expres- 
sive of the facts, to speak of such a body in 
lation to the current passing through it, rather 
than to the poles, as they are usually called, iii 
contact with it; and say that whilst xmdm: ^ 
composition, oxygen, chlorine, iodine, ac|dS| 
&C., are rendered at its negative extremityi^Dtd' 
combustibles, metals, al^es, bases, at 
its potitive extremity (467). I do not belbve 
that a substance can be transfmed in tiie 
trie cuneat bayond the point where it ceases 
to find particles with whidbi it can ocnalshie; 
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and I may refer to the esq^rimmits made in air 
(465) and in water (495), already quoted, for 
facts illustrating these views in the first in- 
stance; to which 1 will now add others. 

' 525. In order to show the dependence of the 
decomposition and transfer of elements upon 
the chemical afiinity of the substances present, 
experiments were msde upon sulphuric acid in 
the following manner. Dilute sulphuric acid was 
prepared: its specific gravity was 1021.2. A so- 
lution of sulphate of soda was also prepared, of 
such strength that a measure of it contained ex- 
actly as much sulphuric acid as an equal meas- 
ure of the diluted acid just referred to. A solu- 
tion of pure soda, and another of pure ammonia, 
were likewise prepared, of such strengths that a 
measureof either should be exactly neutralized 
by a measure of the prepared sulphuric acid. 

. 526. Four glass cups were then arranged, as 
in PL V, Fig, 9; seventeen measures of the free 
sulphuric acid (525) were put into each of the 
vessels a and 5, and seventeen measures of the 
solution of sulphate of soda into each of the 
vessels A and B. Asbestos, which had been well- 
washed in acid, acted upon by the voltaic pile, 
well-washed in water, and dried by pressure, 
was used to connect a with h and A with B, the 
portions being as equal as they could be made 
in quantity, and cut as short as was consistent 
with their performing the part of effectual 
communications, b and A were connected by 
two platina plates or poles soldered to the ex- 
tremities of one wire, and the cups a and B 
were by similar platina plates connected with 
a voltaic battery of forty pairs of plates four 
inches square, that in a btnng connected with 
the negative, and that in B with the positive 
pole. The battery, which was not powerfully 
charged, was retained in communication above 
half an hour. In this manner it was certain that 
the same electric current had passed through 
a b and A B, and that in each in^ance the same 
quantity and strength of acid had been sub- 
letted to its action, but in one case merely dis- 
solved in water, and in the other dissolved and 
also combined with an alkali. 

527. On breaking the connexion with the bat- 
tery, the portions of asbestos were lifted out, 
and the drops hanging at the ends allowed to 
fall each into its respective vessel. The acids in 
a and b were then first compared, for which 
purpose two evaporating dishes were balanced, 
and the acid from a put into one, and that from 
5 into the other; but as one was a little heavier 
than the other, a small drop was transferred 
lieii.Ihe heavier 4a the lighter, and the two 
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rendered equal in wdght. Beingneutralized by 
the addition of the soda solution (525), that 
from a, or the negative vessel, required 15 parts 
of the soda solution, and that from 5, or the 
positive vessel, required 16.3 parts. That the 
sum of these is not 34 parts is principally due 
to the acid removed with the asbestos; but 
taking the mean of 15.65 parts, it would ap- 
pear that a twenty-fourth part of the acid orig- 
inally in the vessel a had passed, through the 
influence of the electric current, from a into 6. 

528. In comparing the difference of acid in A 
and B, the necessary equality of weight was 
considere4 ^ of no consequence, because the 
solution was at first neutral, and would not, 
therefore, affect the test liquids, andmll the 
evolved acid would be in B, and the free alkali 
in A. The solution in A required 3.2 mmsures 
of the prepared acid (525) to neutralize it, and 
the solution in B required also 3.2 measures of 
the soda solution (525) to neutralize it. As the 
asbestos must have removed a little acid and 
alkali from the glasses, these quantities are by 
so much too small; and therefore it would ap- 
pear that about a tenth of the acid originally 
in the vessel A had been transferred into B 
during the continuance of the electric action. 

529. In another similar experiment, whilst a 
thirty-fifth part of the acid passed from o to 5 
in the free acid vessels, between a tenth and an 
eleventh passed from A to B in the combined 
acid vessels. Other experiments of the same 
kind gave similar results. 

530. The variation of electro-chemical de- 
composition, the transfer of elements and their 
accumulation at the poles, according as the 
substance submitted to action consists of par- 
ticles opposed more or less in their chemical af- 
finity, together with the consequent influence 
of the latter circumstances, are sufficiently ob- 
vious in these cases, where sulphuric acid is 
acted upon in the same quantity by the same 
electric current, but in one case opposed to the 
comparatively weak afl&nity of water for it, 
and in the other to the stronger one of soda* In 
the latter case the quantity transferred is from 
two and a half to three times what it is in the 
former; and it appears therefore very evident 
that the transfer is greatly dependent upon the 
mutual action of the particles of the decompos- 
ing bodies.^ 

531. In some of the experiments the add 
from the vessels a and b was neutralized by am- 
monia, then evaporated to dryness, heated to 
rediiess, and the residue examined for sul|)hates* 

t See ^ note to 675.— >l>ee. 1838. 
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In these oases more sulphate was always Ob’- 
tamed from a than from h; showing that it had 
been impossible to exclude saline bases (derived 
from the asbestos, the glass, or perhaps impu- 
rities originally in the acid), and that they had 
helped in transferring the acid into b. But the 
quantity was small, and the acid was principal- 
ly transferred by relation to the water present. 

532. 1 endeavoured to arrange certain exper- 
iments by which saline solutions should be de- 
composed against surfaces of water and at first 
worked with the electric machine upon a piece 
of bibulous paper, or asbestos moistened in the 
solution, and in contact at its two extremities 
with pointed pieces of paper moistened in pure 
water, which served to carry the electric cur- 
rent to and from the solution in the middle 
piece. But 1 found numerous interfering diffi- 
culties. Thus, the water and solutions in the 
pieces of paper could not be prevented from 
mingling at the point where they touched. 
Again, sufficient acid could be derived from the 
paper connected with the discharging train, or it 
may be even from the air itself, under the influ- 
ence of electric action, to neutralize the alkali 
developed at the positive extremity of the de- 
composing solution, and so not merely prevent 
its appearance, but actually transfer it on to the 
metal termination : and, in fact, when the paper 
points were not allowed to touch there, and the 
machine was worked until alkali was evolved at 
the delivering or positive end of the turmeric 
paper, containing the sulphate of soda solution, 
it was merely necessary to place the opposite re- 
ceiving point of the paper connected with the 
discharging train, which had been moistened 
by distilled water, upon the brown turmeric 
point and press them together, when the al- 
kaline effect immediately disappeared. 

633. The experiment with sulphate of mag- 
nesia already described (495) is a case in point, 
however, and shows most clearly that the sul- 
phuric acid and magnesia contributed to each 
other’s transfer and final evolution, exactly as 
the same acid and soda affected each other m 
the results just given (527, &c.); and that so 
soon as the magnesia advanced beyond the 
reach of the acid, and found no other substance 
with which it could combme, it appeared in its 
proper character, and was no loni^r able to 
continue its progress towards the negative pole. 

634. The theory I have ventured to put forth 
appears to me to explain all the pnnninent 
features of el^ctro-chem&cal decompositipn in 
a satisfactory manner^ 


535. In the first place, it explains why, in aU 
ordinary cases, the evolved substances appear 
mty at th» poles; for the poles are the limiting 
surfaces of the decomposing substance, and 
except at them, every particle finds other par- 
ticles having a contrary tendency with which 
it can combine. 

536. ThenitexplainBwhy,in numerous cases, 
the elements or evolved substances are not re- 
tained by the poles; and this is no small diffi- 
culty in those theories which refer the decom- 
posing effect directly to the attractive power 
of the poles. If, in accordance with the usual 
theory, a piece of platina be supposed to have 
sufficient power to attract a particle of hydro- 
gen from the particle of oxygen with which it 
was the instant before combined, there seems 
no sufficient reason, nor any fact, except those 
to be explained, which show why it should not, 
according to analogy with all ordinary attrac- 
tive forces, as those of gravitation, magnetism, 
cohesion, chemical affinity, &c., retain that pais 
tide which it had just before taken from a dis- 
tance and from previous combination. Yet it 
does not do so, but allows it to escape freely. 
Nor does this depend upon its assuming the 
gaseous state, for acids and alkalies, &c., are 
left equally at liberty to diffuse themselves 
through the fluid surrounding the pole, and 
show no particular tendency to combine with 
or adhere to the latter. And though there are 
plenty of cases where combination with the 
pole does take place, they do not at all explain 
the instances of non-combination, and do not 
therefore in their particular action reveal the 
general principle of decomposition. 

537. But in the theory that 1 have just given, 
the effect appears to be a natural consequence 
of the action: the evolved substances are eo;- 
peUed from the decomposing mass (518, 519), 
not drawn out by an aUraction which ceases to 
act on one particle without any assignable rea- 
son, while it continues to act on another of the 
same kind: and whether the poles be metal, 
water, or air, still the substances are evolved, 
and are sometimes set free, whilst at others 
they unite to the matter of the poles, accord- 
ing to the chemical nature of the latter^ 
their chemical relation to those particles which 
are leaving the substance under operation. 

538. The theory accounts for the transfer 
dements in a manner which seems to me at 
present to leave nothing unexplained; ami it 
was, indeed, the phenomena of kancifer in the 
numerous cases of decomposition of bodies 
rendered fluid by heat (3^, 432), whieh, m 
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oonjui^tfon with the experim^ts in nir, led to 
iteeonstruetion. Such cases as the fonner where 
bkiary compounds of easy decomposability are 
acted upon, are perhaps the best to illustrate 
the tJieory. 

539. Chloride of lead, for instance, fused in 
a bent tube (400), and decomposed by platiha 
wires, evolves lead, passing to what is usually 
called the negative pole, and chlorine, which 
being evolved at the positive pole, is in part set 
free, and in part combines with the platina. 
The chloride of platina formed, being soluble 
in the chloride of lead, is subject to decompo- 
sition, and the platina itself is gradually trans- 
ferred across the decomposing matter, and 
found with the lead at the negative pole. 

540. Iodide of lead evolves abundance of lead 
at the negative pole, and abundance of iodine 
at the positive pole. 

541. Chloride of silver furnishes a beautiful 
instance, especially when decomposed by silver 
wire poles. Upon fusing a portion of it on a 
piece of glass, and bringing the poles into con- 
tact with it, there is abundance of silver evolved 
at the negative pole, and an equal abundance 
absorbed at the positive pole, for no chlorine is 
set free: and by careful management, the neg- 
ative wire nmy be withdrawn from the fused 
globule as the silver is reduced there, the latter 
serving as the continuation of the pole, until a 
wire or thread of revived silver, five or six 
inches in length, is produced; at the same time 
the silver at the positive pole is as rapidly dis- 
solved by the chlorine, which seizes upon it, so 
that the wire has to continually advanced 
as it is melted away. The Whole experiment in- 
cludes the action of only two elements, silver 
BXid chlorine, and illustrates in a beautiful man- 
ner their progress in opposite directions, par- 
allel to the electric current, which is for the 
time giving a imiform general direction to their 
mutual af^ties (524). 

542. According to my theory, an element or 
a aubstance not decomposable under the cir- 
cumstances of the experiment, (as for instance, 
a dilute acid or alkali), should not be trans- 
ferred, or pass from pole to pole, unless it be in 
chemical relation to some other element or 
substance tending to pass in the opposite di- 
rection, for the ^ect is considered as essential- 
ly due to the mutual relation of such particles. 
But the theories attributing the determinaticm 
|]l tire elements to the attractions and rq[>ul- 
mm d the poles require no such condition, 

tiiere is no reason appar^ why the ai- 
tmntida of the positive pole, and tibe repulsbn 


of the n^ative pole, upon a particle of free 
acid, placed in water between them, should not 
(with equal currents of electricity) be as strong 
as if that particle were previously combined 
with alkali; but, on the contrary, as they have 
not a powerful chemical affinity to overcome, 
there is every reason to suppose they would be 
stronger, and would sooner bring the acid to 
rest at the positive pole.^ Yet such is not the 
case, as has been shown by the experiments on 
free and combined acid (526, 528). 

543. Neither does M. de la Rive’s theory, as 
I understand it, require that the particles should 
be in combjination : it does not even/ admit, 
where there are two sets of particles eatable of 
combining with and passing by each other, 
that they do combine, but supposes that they 
travel as separate compounds of matter and 
electricity. Yet in fact the free substan^ cartr 
not travel, the combined one can. \ 

544. It is very difficult to find cases amongst 
solutions or fluids which shall illustrate this 
point, because of the difficulty of finding two 
fluids which shall conduct, shall not mingle, 
and in which an element evolved from one shall 
not find a combinable element in the other. Sch 
luiions of acids or alkalies will not answer, be- 
cause they exist by virtue of an attraction; and 
increasing the solubility of a body in one direc- 
tion, and diminishing it in the opposite, is just 
as good a reason for transfer as modifying the 
affinity between the acids and alkalies them- 
selves.^ Nevertheless the case of sulphate of 
magnesia is in point (494, 495), and shows that 
one element or principle only has no power 
of transference or of passing towards either 
pole. 

645. Many of the metals, however, in their 
solid state, offer very fair instances of the kind 
required. Thus, if a plate of platina be used as 
the positive pole in a solution of sulphuric acid, 
oxygen will pass towards it, and so will acid; 
but these are not substances having such chem- 
ical relation to tho platina as, even under the 
favourable condition superinduced by the cur- 
rent (518, 524), to combine with it; the platina 
therefore remains where it was'first plac^^ and 
has no tendency to pass towards the negative 
pole. But if a i^te of iron, zinc or copper, be 
substituted for the platina, then the oxygen 
and acid can combine with these, and tiie metal 
immediately begins to travel (as an oxide) to 
tile opposite poie^ and is finally deposited there. 

1 Even 1^ Huxnphnr Davy ooi^dsMI the 
tion of the pole am being oonuaujnieated from one 
particle to another of the aame kind (483). 

> See the note to 675.— i)M. 1838. 
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Or if| retaining the platina pole, . a fused chlo- 
ride, as of lead, zinc, silver, &c., be substituted 
ioi ibt sulphuric acid, then, as the platina finds 
an element it can combine with, it enters into 
union, acts as other elements do in cases of vol- 
taic decomposition, is rapidly transferred across 
the melted matter, and expelled at the nega- 
tive pole. 

546. J can see but little reason in the theories 
referring the electro-chemical decomposition to 
the attractions and repulsions of the poles, and 
I can perceive none in M. de la Rivers theory, 
why the metal of the positive pole should not 
be transferred across the intervening conduc- 
tor, and deposited at the negative pole, even 
when it cannot act chemically upon the ele- 
ment of the fluid surrounding it. It cannot be 
referred to the attraction of cohesion prevent- 
ing such an effect; for if the pole be made of 
the lightest spongy platina, the effect is the 
same. Or if gold precipitated by sulphate of 
iron be diffused through the solution, still ac- 
cumulation of it at the negative pole will not 
take place; and yet in it the attraction of cohe- 
sion is almost perfectly overcome, the particles 
are so small as to remain for hours in suspen- 
sion, and are perfectly free to move by the 
slightest impulse towards either pole; and ^ in 
relation by chemical affinity to any substance 
present, are powerfully determined to the neg- 
ative pole.^ 

547. In support of these arguments, it may 
be observed, that as yet no determination of a 
substance to a pole, or tendency to obey the 
electric current, has been observed (that I am 
aware of) in cases of mere mixture; i.e., a sub- 
stance diffused through a fluid, but having no 
sensible chemical affinity with it, or with sub- 
stances that may be evolved from it during the 
action, does not in any case seem to be affected 
by the electric current. Pulverised charcoal was 
diffused though dilute sulphuric acid, and sub- 
jected with the solution to the action of a vol- 
taic battery, terminated by platina poles; but 
not the slightest tendency of the charcoal to 

1 In making this experiment, oare must be taken 
that no subetanoe be present that ean aot ehemioally 
on the gold. Although I used the metal very carefully 
washed, and diffused through dilute sulphuric acid, 
in m first instance I obtained gold at the nega- 
tive pple^ and the effect was repeated when the plat- 
ina poles were changed. But on examining the clear 
liquor in the cell, mter subsidence of the metallic 
gotd, 1 found a iitUe of, that metal in solution, and a 
Uttle chlorine was also present. I therefore well 
WShhed the gold whic^ had thus been subfeeted to 
vplti^c aoUon, diffui»d it through other pure dilute 
sulphuric acid, and then found, that on subjecting it 
to aefiou of the pile, not the sUghtcet tendency 
to the negafive pole could be perceiveii. , , 


the negative pole could be observed. Sublimed 
sulphur was diffused through similar acid, and 
submitted to the same action, a silver plato be- 
ing used as the negative pole; but the sulphur 
had no tendency to pass to that pole, the silver 
was not tarnished, nor did any sulphuxettcd 
hydrogen appear. The case of magnesia and 
water (495, 533), with those of comminuted 
metals in certain solutions (546), are also of 
this kind; and, in fact, substances which have 
the instant before been powerfully determined 
towards the pole, as magnesia from sulphate of 
magnesia, become entirely indiffereM to it the 
moment they assume their independent state, 
and pass away, diffusing themselves throu^ 
the surrounding fluid. 

548. There are, it is true, many instances of 
insoluble bodies being acted upon, as glass, sul- 
phate of baryta, marble, slate, basalt, &c., but 
they form no exception ; for the substances they 
give up are in direct and strohg relation as to 
chemical affinity with those which they find in 
the surrounding solution, so that these decom- 
positions enter into the class of ordinary ^ects. 

549. It may be expressed as a general conse- 
quence, that the more directly bodies are op- 
posed to each other in chemical affinity, the 
more ready is their separation from each other 
in cases of electro-chemical decomposition^ i.e., 
provided other circumstances, as insolubility, 
deficient conducting power, proportions, &e., 
do not interfere. This is well known to be the 
case with water and saline solutions; and I have 
found it to be equally true with dry chlorides, 
iodides, salts, &c., rendered subject to electro- 
chemical decomposition by fusion (402). So 
that in applying the voltaic battery for the pur- 
pose of decomposing bodies not yet resolved 
into forms of matter simpler than their own, it 
must be remembered, that success may depend 
not upon the weakness, or failure upon, the 
strength, of the affinity by which the elements 
sought for are held together, but contrariwise; 
and then modes of application may be devised, 
by, which, in aeeociation with ordinary chem- 
ical powers, and the assistance of fusion (^4^ 
417), we may be able to penetrate mueli 
ther than at present into the constitutioie^ 
our chmioal elements. 

550^ Some of the most beautiful and 
ing cases of electro-chemical decompositionand 
tranter which Sir Humphry Davy deScrib# in 
his c^bmted paper, > were those in 
were passed through alkalies, and or 

y Phiimthiedl .JTrmocliaast, l^t P. I. , 
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earths through adds;^ and the way in which 
substances having the most powerful attrac- 
tions for each other were thus prevented from 
combining, or, as it is said, had their natural 
affinity destroyed or suspended throughout the 
whole of the circuit, excited the utmost aston- 
ishment. But if I be right in the view I have 
taken of the effects, it will appear, that that 
which made the wonder^ is in fact the essential 
condition of transfer and decomposition, and 
that the more alkali there is in the course of an 
acid, the more will the transfer of that acid be 
facilitated from pole to pole; and perhaps a 
better illustration of the difference between 
the theory I have ventured, and those previ- 
ously existing, cannot be offered than the views 
they respectively give of such facts as these. 

551. The instances in which sulphuric acid 
could not be passed through barjrta, or baryta 
through sulphuric acid,^ because of the precip- 
itation of sulphate of baryta, enter witW the 
pale of the law already described (380, 412), by 
which liquidity is so generally required for con- 
duction and decomposition. In assuming the 
solid state of sulphate of baryta, these bodies 
became virtually non-conductors to electricity 
of so low a tension as that of the voltaic ba^ 
tery, and the power of the latter over them was 
almost infinitely diminished. 

562. The theory I have advanced accords in 
a most satisfactory manner with the fact of an 
element or substance finding its place of rest, 
or rather of evolution, sometimes at one pole 
and sometimes at the other. Sulphur illustrates 
this effect very well* When sulphuric acid is 
decomposed by the pile, sulphur is evolved at 
the negative pole; but when sulphuret of silver 
is decomposed in a similar way (436), then the 
sulphur appears at the positive pole; and if a 
hot platina pole be used so as to vaporize the 
sulphur evolved in the latter case, then the re- 
latioh of that pole to the sulphur is exactly the 
same as the relation of the same pole to oxygen 
Upon its Immersion in water. In both cases the 
dement evolved is liberated at the pole, but 
not retained by it; but by virtue of its elastic, 
tmeombinable, and imnuscible condition passes 
away into the surrotmding medium. The sul- 
phur is evidently determined in these opposite 
directions by its opposite chemical relations to 
oxygen and silver; and it is to such relations 

. 24, * p. 25, dbo. 

« At 683rand 757 of Series VlY w3l be found oorreo- 
mm of ihe statement here ihade reraeoting sulphur 
eml fl^huric acid. At pmsent there is no well-asoer^ 
tdnea met whioh proves mat the same body can go di- 
PSCfiy toedfterof thetwopoIe 0 atplea 8 ure.-^Z)ee. 1838. 


generally that I have referred alldectro-chem- 
ical phenomena. Where they do not exist, no 
electro-chemical action can take place. Where 
they are strongest, it is most powerful; where 
they are reversed, the direction of transfer of 
the substance is reversed with them. 

553. Water may be considered as one of those 
substances which can be made to pass to either 
pole. When the poles are immersed in dilute 
sulphuric acid (527), acid passes towards the 
positive pole, and water towards the negative 
pole; but when they are immersed in dilute al- 
kali, the alkali passes towards the negative 
pole, and water towards the positive pj)le. 

5M. Nitrogen is another substance which is 
considered as determinable to either pole; but 
in consequence of the numerous comTOunds 
which it forms, some of which pass to one pole, 
and some to the other, I have not ailwaysyound 
it easy to determine the true circumstances of 
its appearance. A pure strong solution of am- 
monia is so bad a conductor of electricity that 
it is scarcely more decomposable than pure wa- 
ter; but if sulphate of ammonia be dissolved in 
it, then decomposition takes place very well; 
nitrogen almost pure, and in some cases quite, 
is evolved at the positive pole, and hydrogen 
at the negative pole. 

565. On the other hand, if a strong solution 
of nitrate of ammonia be decomposed, oxygen 
appears at the positive pole, and hydrogen, 
with sometimes nitrogen, at the negative pole. 
If fused nitrate of ammonia be employed, hy- 
drogen appears at the negative pole, mingl^ 
with a little nitrogen. Strong nitric acid yields 
plenty of oxygen at the positive pole, but no 
gas (only nitrous acid) at the negative pole. 
W eak nitric acid yields the oxygen and hydrogen 
of the water present, the acid apparently re- 
maining unchanged. Strong nitric acid with ni- 
trate of ammonia dissolved in it, yields a gas at 
the negative pole, of which the greater part is hy- 
drogen, but apparently a little nitrogen is pre- 
sent. I believe, that in some of these cases a little 
nitrogen appeared at the negative pole. I sus- 
pect, however, that inall these, and in all former 
cases, the appearance of the nitrogen at the pos- 
itive or negative pole is entirely a secondary ef- 
fect, and not an immediate consequence of 
decomposing power of the electric current.^ , 

556. A few observations on what are called 
the poles of the voltaic battery now seem nee- 
eesary. The poles are merely the surfaces or 

4 Refer for proof of the truth of this suppositton to 
748, 752, Ae.—i>w. 1888. 
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doors by which the electricity enters into or 
passes out of the substance suffering decompo- 
sition. They limit the extent of that substance 
in the course of the electric current, being its 
terminaiu^ in that direction: hence the ele- 
ments evolved pass so far and no farther. 

557. Metals make admirable poles, in conse- 
quence of their high conducting power, their 
immiscibility with the substances generally act- 
ed upon, their solid form, and the opportunity 
afforded of selecting such as are not chemically 
acted upon by ordinary substances. 

558. Water makes a pole of difficult applica- 
tion, except in a few cases (494), because of its 
small conducting power, its miscibility with 
most of the substances acted upon, and its gen- 
eral relation to them in respect to chemical af- 
finity. It consists of elements, which in their 
electrical and chemical relations are directly 
and powerfully opposed, yet combining to pro- 
duce a body more neutral in its character than 
any other. So that there are but few substances 
which do not come into relation, by chemical 
affinity, with water or one of its elements; and 
therefore either the water or its elements are 
transferred and assist in transferring the infin- 
ite variety of bodies which, in association with 
it, can be placed in the course of the electric 
current. Hence the reason why it so rarely hap- 
pens that the evolved substances rest at the 
first surface of the water, and why it therefore 
does not exhibit the ordinary action of a pole. 

559. Air, however, and some gases are free 
from the latter objection, and may be used as 
poles in many cases (461, &c.); but, in conse- 
quence of tlie extremely low degree of conduct- 
ing power belonging to them, they cannot be 
employed with the voltaic apparatus. This lim- 
its their use; for the voltaic apparatus is the 
only one as yet discovered which supplies suf- 
ficient quantity of electricity (371, 376) to effect 
electro-chemical decomposition with facility. 

560. When the poles are liable to the chem- 
ical action of the substances evolved, either 
simply in consequence of their natural relation 
to them, or of that relation aided by the influ- 
ence of the current (518), then they suffer cor- 
rosion, and the parts dissolved are subject to 
transference, in the same manner as the parti- 
cles of the body originally under decomposi- 
tion. An immense series of phenomena of this 
kind might be quoted in support of the view I 
have taken of the cause of electro-chemical de- 
composition, and the transfer and evolution of 
the elements. Thus platina being made the pos- 
itive wd negative poles in a solution of sul- 
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phate of soda, has no affimty or attraction for 
the oxygen, hydrogen, acid, or alkali evolved, 
and refuses to combine with or retain them. 
Zinc can combine with the oxygen and add; at 
the positive pole it does combine, and immedi- 
ately begins to travel as oxide towards the 
negative pole. Charcoal, which cannot com- 
bine with the metals, if made the negative pole 
in a metallic solution, refuses to unite to the 
bodies which are ejected from the solution up- 
on its surface; but if made the positive pole in 
a dilute solution of sulphuric acid, it is capable 
of combining with the oxygen evolved there, 
and consequently unites with it, producing both 
carbonic acid and carbonic oxide in abundance. 

561. A great advantage is frequently sup- 
plied, by the opportunity afforded amongst the 
metals of selecting a substance for the pole, 
which shall or shall not be acted upon by the 
elements to be evolved. The consequent use of 
platina is notorious. In the decomposition of 
sulphuret of silver and other sulphurets, a pos- 
itive silver pole is superior to a platina one, be- 
cause in the former case the sulphur evolved 
there combines with the silver, and the decom- 
position of the original sulphuret is rendered 
evident ; whereas in the latter case it is dissipat- 
ed, and the assurance of its separation at the 
pole not easily obtained. 

562. The effects which take place when a 
succession of conducting decomposable and un- 
decomposable substances are placed in the elec- 
tric circuit, as, for instance, of wires and solu- 
tions, or of air and solutions (465, 469), are ex- 
plained in the simplest possible manner by the 
theoretical view I have given. In consequence 
of the reaction of the constituents of each por- 
tion of decomposable matter, affected as they 
are by the supervention of the electric current 
(524), portions of the proximate or ultimate 
elements proceed in the direction of the cur- 
rent as far as they find matter of a contrary 
kind capable of effecting their transfer, and b^ 
ing equally affected by them; and where they 
cease to find such matter, they are evolved in 
their free state, i.e,, upon the surfaces of metal 
or air bounding the extent of decomposable 
matter in the direction of the cun*ent. 

563. Having thus given my theory of the 
mode in which electro-chemical decomposition 
is effected, I will refrain for the present from 
entering upon the numerous general consider- 
ations which it suggests, wishing first to sub- 
mit it to the test of publication and dbeussion. 

Boyd Inetttdion, Jme 1833^ 
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564. The conclusion at which I have arrived in 
the present communication may seem to ren- 
der the whole of it unfit to form part of a series 
of researches in electricity; since, remarkable 
as the phenomena are, the power which pro- 
duces them is not to be considered as of an 
electric origin, otherwise than as ail attraction 
of particles may have this subtile agent for 
their common cause. But as the effects investi- 
gated arose out of electrical researches, as they 
are directly connected with other effects which 
are of an electric nature, and must of necessity 
be understood and guarded against in a very 
extensive series of electro-chemical decompo- 
sitions (707), I have felt myself fully justified 
in describing them in this place. 

565. Believing that I had proved (by experi- 
ments hereafter to be described [705]), the con- 
stant and definite chemical action of a certain 
quantity of electridty, whatever its intenrity 
mi^t be, or however the circumstances of its 
transmission through either the body under de- 
composition or the more perfect conductors 
were varied, I endeavoured upon that result to 
construct a new measuring instrument, whidi 
from its use might be called, at least provision- 
ally, a VoUa-ekctrometer (739).* 

566. During the course of the experiments 
made to render the instrument efficient, I was 
occasiomdly surprised at observing a deficiency 
of the gases resulting from the decompositions 
of water, and at last an actual disappearance 
of portions which had been evolved, collected, 
and measured. The circumstances of the dis- 
appearance were these. A glass tube, about 
twelve inches in length and ^ths of an inch in 
diameter, had two platina poles fixed into its 
upper,hermetio^ysealed, extrmnity :thepoles, 
whoe they passed through the glass, were of 
wire; but tmminated below in plates, which 
were soldmred to the wires with gold <P1. VI, 
Fw. I). The tube was filled with dilute sul- 
phurie acid, and diverted in a cup of the same 


two wires, and sufficient oxygen and hydrogen 
evolved to occupy ^Iths of tte tube, or by the 
graduation, 116 parts. On separating the tube 
from the voltaic battery the volume of gas im- 
mediately began to diminish, and in about five 
hours only 13^ parts remained, and these ultil- 
mately disappeared. 

567. It was found by various experiments, 
that this effect was not due to the escape or so- 
lution of the gas, nor to recombination of the 
oxygen or hydrogen in consequence of any pe- 
culiar condition Uiey might be supposed to pos- 
sess under the circumstances; but to be occas- 
ioned by the action of one or both of the pdee 
within the tube upon the gas around them. On 
disuniting the poles from the pile after thqy 
had acted upon dilute sulphuric acid, and intro- 
ducing them into separate tubes containing 
mixed o^gen and hydrogen, it was found that 
the positm pole effected the union of the gases, 
but the negative pole apparently not (5%). It 
was ascertained also that no action of a s^isi- 
ble kind took place between the positive pc^ 
with oxygen or hydrogen alone. 

568. These experiments reduced the phenom- 
ena to the consequence of a power possessed Iqr 
the platina, after it had been the positive pole 
of a voltaic pile, of causing the combination of 
oxygen and hydrogen at common, or even at 
low, temperatures. This effect is, as far as I am 
aware, altogether new, and was immediately 
followed out to ascertedn whether it was really 
of an electric nature, and how far it would in^ 
terfere with the detmmination of the quantities 
evolved in the cases of eleetro-chemicai decani 
position required in the fourteenth secticm (ff 
these Researches. 

569. Several platina plates were pre|)ave3 
(PI. VI, Fig. 2). They were nearly half anitieh 
wide, and two uuffies and a half longi.st^ 
were ^with of an inch, others not 

whffst some were as mu^ asfli^ef iHit 
uuffi in tiudmess. Each had a {dEta^ai 

wire, about seven inches long, ^d^red to it 1^ 
pure gold, Thmi e nmnbti' od 


fluid; a vdttaie:bsttery was oomrected with the 
< Or Vdtainster.— Ase. 1S68. 
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prepared: they were about nine or ten inches 
in length, ^tl^ of an inch in internal diameter, 
were sealed hermetically at one extremity, and 
were graduated. Into these tubes was put a 
mixture of two volumes of hydrogen and one 
of oxygen, at the water pneumatic trough, and 
when one of the plates described had been con- 
nected with the positive or negative pole of the 
voltaic battery for a given time, or had been 
otherwise prepared, it was introduced through 
the water into the gas within the tube; the 
whole set aside in a test-glass (PI. VI, Fig. S), 
and left for a longer or shorter period, that the 
action might be observed. 

570. The following result may be given as an 
illustration of the phenomenon to be investi- 
gated. Diluted sulphuric acid, of the specific 
gravity 1.336, was put into a glass jar, in which 
Was placed also a large platina plate, connect- 
ed with the negative end of a voltaic battery of 
forty pairs of four-inch plates, with double cop- 
pers, and moderately charged. One of the plates 
above described (669) was then connected with 
the positive extremity, and immersed in the 
same jar of acid for five minutes, after which it 
was separated from the battery, washed in dis- 
tilled water, and introduced through the water 
of the pneumatic trough into a tube containing 
the mixture of oxygen and hydrogen (669) . The 
volume of gases immediately began to lessen, 
the diminution proceeding more and more rap- 
idly until about J^ths of the mixture had dis- 
appeared. The upper end of the tube became 
quite warm, the plate itself so hot that the wa- 
ter boiled as it rose over jt; and in less than a 
minute a cubical inch and a half of the gases 
were gone, having been combined by the pow- 
er of the platinlEi, and converted into water. 

671. TMs extraordinary infiuence acquired 
by the platina at the positive pole of the pile, is 
exerted far more readily and effectively on oxy- 
gen and hydrogen than on any other mixture 
of gases that I have tried. One volume of ni- 
trous gas was mixed with a volume of hydro- 
gen, and introduced into a tube with a plate 
which had been made positive in the dilute sul- 
phuric acid for four minutes (670). There was 
no sensible action in an hour: being left for 
tiurty-six hours, there was a diminution of about 
one^ightb of the whole volume. Action had 
tel&en place, Imt it had been very feeble. 

672. A mixture of two volumes of nitrous ox- 
i^e with one volume of hydrogen was put with 
a plate similarly prepared into a tube (669, 
^0), This also showed no action immediately; 
Mt ill thktyHux hours nearly a fourth of the 
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whole had disappeared, i.e., about half of a cu- 
bical inch. By comparison with another tube 
containing the same mixture without a plate, 
it appeared that a part of the diminution was 
due to solution, and the other part to the pow- 
er of the platina; but the action had been very 
slow and feeble, 

673. A mixture of one volume olefiant gas^ 
and three volumes oxygen was not affected by 
such a platina plate, even though left together 
for several days (640, 641). 

674. A mixture of two volumes carbonic ox- 

ide and one volume oxygen was also unaffected 
by the prepared platina plate in several days 
(646, &c.). \ 

675. A mixture of equal volumes oAchlorine 
and hydrogen was used in several exp^iments, 
with plates prepared in a similar manner (570). 
Diminution of bulk soon took place; biit when 
after thirty-six hours the experiments wWe ex- 
amined, it was found that nearly all the chlorine 
had disappeared, having been absorbed, princi- 
pally by the water, and that the original volume 
of hydrogen remained unchanged. No combina- 
tion of the gases, therefore, had here taken place. 

676. Reverting to the action of the prepared 
plates on mixtures of oxygen and hydrogen 
(670), I found that the power, though gradu- 
ally diminishing in all cases, could still be re- 
tained for a period, varying in its length with 
circumstances. When tubes containing plates 
(569) were supplied with fresh portions of mixed 
oxygen and hydrogen as the previous por- 
tions were condensed, the action was found to 
continue for above thirty hours, and in some 
cases slow combination could be observed even 
after eighty hours: but the continuance of the 
action greatly depended upon the purity of the 
gases used (638). 

677. Some plates (669) were made positive 
for four minutes in dilute sulphuric acid of spe- 
cific gravity 1.336: they were rinsed in distilled 
water, after which two were put into a small 
bottle and closed up, whilst others were left ex- 
posed to the air. The plates preserved in the 
limited portion of air were found to retain their 
power after eight days, but those exposed to 
the atmosphere had lost their force almost en- 
tirely in twelve hours, and in some situations, 
where currents existed, in a much shorter time. 

678. Plates were made positive for five min- 
utes in sulphuric acid, specific gravity 1.336. 
One of these was retained in similar acid for 
eight minutes after separation from the bat- 
tery: it then acted on mixed oxygen and hydro- 

I OUfiont gas: now known as 
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gen with apparently undiminished vigour. Oth- 
ers were left m similar acid for forty hours, and 
some even for eight days, after the electriza- 
tion, and then acted as well in combining oxy- 
gen and hydrogen gas as those which were used 
immediatdy after electrization. 

579. The effect of a solution of caustic potas- 
sa in preserving the platina plates was tried in a 
similar manner. After being retained in such a 
solution for forty hours, they acted exceedingly 
well on oxygen and hydrogen, and one caused 
such rapid condensation of the gases, that the 
plate became much heated, and I expected 
the temperature would have risen to ignition. 

580. .When similarly prepared plates (569) 
had been put into distilled water for forty hours, 
and then introduced into mixed oxygen and 
hydrogen, they were found to act but very 
slowly and feebly as compared with those which 
had been preserved in acid or alkali. When, 
however, the quantity of water was but small, 
the power was very little impaired after three 
or four days. As the water had been retained in 
a wooden vessel, portions of it were redistilled 
in glass, and this was found to preserve pre- 
pared plates for a great length of time. Pre- 
pared plates were put into tubes with this wa- 
ter and closed up: some of them, taken out at 
the end of twenty-four days, were found very 
active on mixed oxygen and hydrogen; others, 
which were left in the water for fifty-three days, 
were still found to cause the combination of the 
gases. The tubes had been closed only by corks. 

581. The act of combination always seemed 
to diminish, or apparently exhaust, the power 
of the platina plate. It is true, that in most, if 
not all instances, the combination of the gases, 
at first insensible, gradually increased in rapid- 
ity, and sometimes reached to explosion; but 
when the latter did not happen, the rapidity of 
combination diminished; and although fresh 
portions of gas were introduced into the tubes, 
the combination went on more and more slow- 
ly, and at last ceased altogether. The first ef- 
fect of an increase in the rapidity of combination 
depended inpartupon thewaterflowingoff from 
the platina plate, and allowing a better contact 
with the gas, and in part upon the heat evolved 
during the progress of the combination (630). 
But notwittotanding the effect of these causes, 
diminution, and at last cessation of the power, 
always occurred. It must not, however, be un- 
noticed, that the purer the gases subjected to 
the action of the plate, the longer was its com- 
bining power retained. With the mixture 
evdved at the poles of the voltaic pile, in pure 


dilute sidphuric acid, it continued longest; and 
with oxygen and hydrogen, of perfect ptirity^ 
it probably would not be diminished at all. ^ 

582. Different modes of treatment applied to 
the platina plate, after it had ceased to be the 
positive pole of the pile, affected its power very 
curiously. A plate which had been a positive pole 
in diluted sulphuric acid of specific gravity 1 .336 
for four or five minutes, if rinsed in water and 
put into mixed oxygen and hydrogen, would act 
very well, and condense perhaps one cubic inch 
and a half of gas in six or seven minutes; but if 
that same plate, instead of being merely rinsed, 
had been left in distilled water for twelve or fif- 
teen minutes, or more, it would rarely fail, when 
put into the Oxygen and hydrogen, of becom- 
ing, in the course of a minute or two, ignited, 
and would generally explode the gases. Occa- 
sionally the time occupied in bringing on the 
action extended to eight or nine minutes, and 
sometimes even to forty minutes, and yet ig- 
nition and explosion would result. This effect 
is due to the removal of a portion of acid 
which otherwise adheres firmly to the plate.^ 

583. Occasionally the platina plates (569), 
after being made the positive pole of the bat- 
tery, were washed, wiped with filtering-paper 
or a cloth, and washed and wiped again. Being 
then introduced into mixed oxygen and hydro- 
gen, they acted apparently as if they had been 
unaffected by the treatment. Sometimes the 
tubes containing the gas were opened in the air 
for an instant, and the plates put in dry; but 
no sensible difference in action was perceived, 
except that it commenced sooner. 

5^. The power of heat in altering the action 
of the prepared platina plates was also tried 
(595). Plates which had been rendered positive 
in dilute sulphuric acid for four minutes were 
well-washed in water, and heated to redness in 
the fiame of a spirit-lamp: after this they acted 
very well on mixed oxygen and hydrogen. Oth- 
ers, which had been heated more powerfully by 
the blowpipe, acted afterwards on the gases, 
though not so powerfully as the former.Hence 
it appears that heat does not take away the 
power acquired by the platina at the potitiye 
pole of the pile: the occasional diminution of 
force seemed always referable to other causes 
than the mere heat. If, for instance, the plate; 
had not been well-washed from the add, dr & 
the flame used was carbonaceous, orvmtiiai^ 
of an alcohol lamp trimmed with spirit 
taming a little acid, or having a wick on wUdi 

1 In proof th^ this is the oasst rder w 103S, 1>«4 
1888. ^ ^ 
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9alti or other extraneous matter, had been 
placed, then the power of the plate was quick- 
ly and greatly diminished (634, 636). 

685. This remarkable property was conferred 
upon platina when it was made the positive 
pole in sulphuric acid of specific gravity 1.336, 
or when it was considerably we^ei, or when 
stronger, even up to the strength of oil of vit- 
liol. Strong and dilute nitric acid, dilute acetic 
acid, solutions of tartaric, citric, and oxalic 
adds, were used with equal success. When mu- 
riatic acid was used, the plates acquired the 
power of condensing the oxygen and hydrogen, 
but in a much inferior degree. 

586. Plates which were made positive in so- 
lution of caustic potassa did not show any sen- 
sible action upon the mixed oxygen and hydro- 
gen. Other plates made positive in solutions of 
carbonates of potassa and soda exhibited the 
action, but only in a feeble degree. 

587. W^hen a neutral solution of sulphate of 
soda, or of nitre, or of chlorate of potassa, or of 
phosphate of potassa, or acetate of potassa, or 
suipl^te of copper, was used, the plates. Ten- 
ded positive in them for four minutes, and 
then washed in water, acted very readily and 
powerfully on the mixed oxygen and hydrogen. 

688. It became a very important point, in 
reference to the cause of this action of the plat- 
ina, to determine whether the positive pole ordy 
could confer it (567), or whether, notwith- 
standing the numerous contrary cases, the ne^- 
aiwe pole might not have the power when such 
circumstances as could interfere with or pre- 
vent the action were avoided. Three plates 
were therefore rendered negative, for four min- 
utes in diluted sulphuric acid of specific grav- 
ity 1.336, washed in distilled water, and put 
into mixed oxygen and hydrogen. AU of them 
acted, though not so strongly as they would 
have done if they had been rendered positive. 
Each combined about a cubical inch and a 
quarter of the gases in twenty-five minutes. On 
every rt^tition of the expmment the same 
result was obtained; and when the plates w^e 
retamed in distilled water for ten or twelve 
miputes, before being introduced into the gas 
(582), the action was very much quickened. 

589. But when there was any metallic or 
other substimce present in the acid, which could 
he precipitated cm the negative plate, then that 
plate ceased to act upon the mixed oxygen and 
hydn^^en. 

M These experipients led to the expecta- 
wm that the power of ^usii^ oxygen and hy- 
to combine, wBidi cotild Toe conferr^ 


upon any piece of platina by making it the pos- 
itive pole of a voltaic pile, was not essentially 
dependent upon the action of the pile, or upon 
any structure or arrangement of parts it mi^t 
receive whilst in association with it, but be- 
longed to the platina at all times, and was al- 
ways effective when the surface was perfectly 
dean. And though, when made the positive pole 
of the pile in acids, the circumstances might 
well be considered as those which would cleanse 
the surface of the platina in the most effectual 
manner, it did not seem impossible that ordi- 
nary operations should produce the earn© re- 
sult, although in a less eminent degreb. 

691. Accordingly, a platina plate (569) was 
cleaned by being rubbed with a cork\ a little 
water, and some coal-fire ashes upoma glass 
plate: being washed, it was put into mked ox- 
ygen and hydrogen, and was found to\act at 
first slowly, and then more rapidly. In an hour, 
a cubical inch and a half had disappeared. 

692. Other plates were cleaned with ordinary 
sand-paper and water; others with chalk and 
water; others with emery and water; others, 
again, with black oxide of manganese and war 
ter; and others with a piece of charcoal and 
water. All of these acted in tubes of oxygen 
and hydrogen, causing combination of the gas- 
es. The action was by no means so powerful as 
that produced by plates having been in com- 
munication with the battery; but from one to 
two cubical inches of the gases disappeared, in 
periods extending from twenty-five to eighty 
or ninety minutes. 

693. Upon cleaning the plates with a cork, 
ground emery, and dilute sulphuric acid, th^ 
were found to act still better. In order to sim- 
plify the conditions, the cork was dismissed, 
and a piece of platina foil used instead ; still the 
effect took place. Then the acid was dismissed, 
and a solution of potassa used, but the effect 
occurred as before. 

694. These results are abundantly suffident 
to show that tine mere mechanical cleansing of 
the surface of the platina is sufficient to enable 
it to exert its combining power over oxygen 
and hydrogen at common temperatures. 

696. 1 now tried the effect of heat in confei^- 
ring this property upon platina (684). PlateB 
which had no action on the mixture of oxygen 
and hydrogen were heated by the flame of n 
freshly trimmed^ spirit-lamp, urged by a mouth 
blowpipe, and when cold were put into tubes of 
the mixed gases ; they acted slowly at first, but 
after two or tinree hours oondezu^ nearly all 
thegaaes. 
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896. A plate of platina, which wae about oue 
inch wide and two and three-quarters in length, 
and which had not been used in any of the pre- 
ceding experiments, was curved a little so as to 
enter a tube, and left in a mixture of oxygen 
and hydrogen for thirteen hours : not the slight- 
est action or combination of the gases occurred. 
It was withdrawn at the pneumatic trough 
from the gas through the water, heated red-hot 
by the spirit-lamp and blowpipe, and then re- 
turned when cold into the same portion of gas. 
In the course of a few minutes diminution of 
the gases could be observed, and in forty-five 
minutes about one cubical inch and a quarter 
had disappeared. In many other experiments 
piatina plates when heated were found to ac- 
quire the power of combining oxygen and hy- 
drogen. 

597. But it happened not unfrequently that 
plates, after being heated, showed no power of 
combining oxygen and hydrogen gases, though 
left undisturbed in them for two hours. Some- 
times also it would happen that a plate which, 
having been heated to dull redness, acted fee- 
bly, upon being heated to whiteness ceased to 
act; and at other times a plate which, having 
been slightly heated, did not act, was rendered 
active by a more powerful ignition. 

598. Though thus uncertain in its action, and 
though often diminishing the power given to 
the plates at the positive pole of the pile (584), 
still it is evident that heat can render piatina 
active, which before was inert (595). The cause 
of its occasional failure appears to be due to 
the surface of the metal becoming soiled, either 
from something previously adhering to it, which 
is made to adhere more closely by the action of 
the heat, or from matter communicated from 
the flame of the lamp, or from the air itself. It 
often happens that a polished plate of piatina, 
when heated by the spirit-lamp and a blow- 
pipe, becomes dulled and clouded on its surface 
by something eiiber foimed or deposited there; 
and this, and much less than this, is sufficient 
to {H'event it from exhibiting the curious power 
now imder consideration (634, 636). Platoa al- 
so has been said to combine with carbon; and 
it is not at all unlikely that in processes of heat- 
ing, where carbon or its compounds are pres- 
ent, a film of such a compound may be thus 
formed, and thus prevait the exhibition of the 
prop^es belonging to pure piatina*^ 

» When heat does confer the property it is only by 
the ^tmetion or dissipation ol organic or <wer 
matter which had previously soiled the plate <632, 


599. The action of allidieB and ackk in giv- 
ing piatina this property was now experiment- 
ally examined. Piatina plates (569) having no 
action on mixed oxygen and hydrogen, bting 
boiled in a solution of caustic potassa, washed, 
and then put into the gases, were found occa^ 
sionally to act pretty well, but at other times 
to fail. In the latter case I concluded that the 
impurity upon the surface of the piatina was of 
a nature not to be removed by the mere solvent 
action of the alkali, for when the plates were 
rubbed with a little emery, and the same solu- 
tion of alkali (592), they became active. 

600. The action of acids was far more con- 
stant and satisfactory. A piatina plate was 
boiled in dilute nitric acid: being washed and 
put into mixed oxygen and hydrogen gases, it 
acted well. Other plates were boiled in strong 
nitric acid for periods extending from half a 
minute to four minutes, and then being washed 
in distilled water, were found to act very well, 
condensing one cubic inch and a half of gas in 
the space of eight or nine minutes, and render- 
ing the tube warm (570). 

601. Strong sulphuric acid was very effectual 
in rendering the piatina active. A plate (569) 
was heated in it for a minute, then washed and 
put into the mixed oxygen and hydrogen, upon 
which it acted as well as if it had been made the 
positive pole of a voltaic pile (570). 

602. Plates which, after being heated or elec- 
trized in alkali, or after other treatment, were 
found inert, immediately received power by 
being dipped for a minute or two, or even only 
for an instant, into hot oil of vitriol, and then 
into water. 

603. When the plate was dipped into the oil 
of vitriol, taken out, and then heated so as to 
drive off the acid it did not act, in consequence 
of the impurity left by the acid upon ite sur- 
face. 

604. Vegetable acids, as acetic and tartaric, 

sometimes rendered inert piatina active, at 
other times not. This, I believe, depended up- 
on the character of the matter previously sofl- 
ing the plates, and which may easily be sup?- 
pc^ to be sometimes of such a nature ae to 
be removed by these acids, and at other tithes 
not. Weak sulphuric acid showed the same 
ference, but strong sulphuric acid (601) 
failed in its action. ^ v 

605. The most favourable treatm^t,€e^s^ 

that of making the plate a positive pdbin strbag 
add, was as follows. The plate was q 

spirit-bixpp flame, and when 

a piece of paUmafusa (caustic wMtih 
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melting, eovered the metal with a ooat of very 
strong alkali, and this was retained fused upon 
the surface for a second or two:^ it was then 
put into water for four or five minutes to wash 
off the alkali, shaken, and immersed for about 
a minute in hot strong oil of vitriol; from this 
it was removed into distilled water, where it 
was allowed to remain ten or fifteen minutes to 
remove the last traces of acid (582). Being then 
put into a mixture of oxygen and hydrogen, 
combination immediately began, and proceed- 
ed rapidly; the tube became warm, the platina 
became red-hot, and the residue of the gases 
was inflamed. This effect could be repeated at 
pleasure, and thus the maximum phenomenon 
could be produced without the aid of the vol- 
taic battery. 

606. When a solution of tartaric or acetic 
acid was substituted, in this mode of prepara- 
tion, for the sulphuric acid, still the plate was 
found to acquire the same power, and would 
oftoi produce explosion in the mixed gases ; but 
the strong sulphuric acid was most certain and 
powerful. 

607. If borax, or a mixture of the carbonates 
of potash and soda, be fused on the surface of a 
platina plate, and that plate be well-washed in 
water, it will be found to have acquired the 
power of combining oxygen and hydrogen, but 
only in a moderate degree: but if, after the fu- 
sion and washing, it be dipped in the hot sul- 
phuric acid (601), it will become very active. 

608. Other metals than platina were then 
experimented with. Gold and palladium ex- 
hibited the power either when made the positive 
pole of the voltaic battery' (570), or when acted 
on by hot oil of vitriol (601), ^en palladium 
is us^, the action of the battery or acid should 
be moderated, as that metal is soon acted upon 
under such circumstances. Silver and copper 
could not be made to show any effect at com- 
mon temperatures. 


609. There can remain no doubt that the 
property of inducing combination, which can 
thus be conf^red upon masses of platina and 
other metals by connecting them with the poles 
of the battery, or by cleansing processes either 
of a mechanied or chemical nature, is the same 
BB that which was discovered by Dobereiner,^ 
in 1823, to belong in so eminent a degree to 
iBpmigy platina, and which was afterwards so 
experim^ted upon and illustrated by 
r need not be raised so much as to malce 

m alkali iamish the ptotinat although if that effect 
JoimtakeplBeeitdoesnotinreveQttheultii^ 

XXI¥, p. 98. 


MM. Dulong and Thenard,’ in 1823. The lat” 
ter phUosophers even quote experiments in 
which a very fine platina wire, which had been 
coiled up and digested in nitric, sulphuric, or 
muriatic acid, became ignited when put into a 
jet of hydrogen gas.^ This effect I can now pro- 
duce at pleasure with either wires or plates by 
the processes described (570, 601, 605) ; and by 
using a smaller plate cut so that it s!^ll rest 
against the glass by a few points, and yet al- 
low the water to flow off (PL VI, Fig, 4)> the 
loss of heat is less, the metal is assimilated some- 
what to the spongy state, and the probability 
of failure ^liuust entirely removed, j 

610. M. Dobereiner refers the effect entirely 
to an electric action. He considers the platina 
and hydrogen as forming a voltaic eluent of 
the ordinary kind, in urhich the hydrogen, be- 
ing very highly positive, represents the zinc of 
the usual arrangement, and like it, th^efore, 
attracts oxygen and combines with it.® 

611. In the two excellent experimental pa- 
pers by MM. Dulong and Thenard,® those phi- 
losophers show that elevation of temperature 
favours the action, but does not alter its char- 
acter; Sir Humphry Davy's incandescent plat- 
ina wire being the same phenomenon with Do- 
bereiner's spongy platina. They show that aU 
metals have this power in a greater or smaller 
degree, and that it is even possessed by such 
bodies as charcoal, pumice, porcelain, glass, 
rock crystal, <fec., when their temperatures are 
raised; and that another of Davy's effects, in 
which oxygen and hydrogen had combined 
slowly together at a heat below ignition, was 
really dependent upon the property of the heat- 
ed glass, which it has in common with the bod- 
ies named above. They state that liquids do 
not show this effect, at least that mercury, at 
or below the boiling point, has not the power; 
that it is not due to porosity; that the same 
body varies very much in its action, according 
to its state; and that many other gaseous mix- 
tures besides oxygen and hydrogen are affect- 
ed, and made to act chemically, when the tem- 
perature is raised. They think it probable that 
spongy platina acquires its power from contact 
with the acid evolved during its reduction, or 
from the heat itself to which it is then sub- 
mitted. 

612. MM. Dulong and Thenardexpress them- 
selves with great caution on the theory of this. 


» lUd,, Vol. XXIII. p. 440; Vol. XXIV, p. 380. 
« Ibid,, Vol. XXIV. p. 383, 

■ Ibid,, Vol. XXIV. t>p. 94, 95. Also BibmiikqBd 
VnUerMe, Vol. X3^ p. 64. 

• Ibid,, Vol. XXin. p. 440; VtA. XXIV, p. 880. 
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action ; but, refening to the decomposing pow-* 
er of metaJs on ammonia when heated to tem- 
peratures not sufficient alone to aSect the al- 
kali, they remark that those metals which in 
this case are most efficacious, are the least so 
in causing the combination of oxygen and hy- 
drogen; whilst platina, gold, &c., which have 
least power of decomposing ammonia, have 
most power of combining the elements of wa- 
ter: from which they are led to believe, that 
amongst gases, some tend to unite under the 
influence of metals, whilst others tend to sep- 
arate, and that this property varies in opposite 
directions with the different metals. At the 
close of their second paper they observe, that 
the action is of a kind that cannot be connected 
with any known theory; and though it is very 
remarkable that the effects are transient, like 
those of most electrical actions, yet they state 
that the greater number of the results observed 
by them are inexplicable, by supposing them 
to be of a purely electric origin. 

613. Dr. Fusinieri has also written on this 
subject, and given a theory which he considers 
as sufficient to account for the phenomena.^ He 
expresses the immediate cause thus: ‘The plat- 
ina determines upon its surface a continual 
renovation of concrete laminm of the combust- 
ible substance of the gases or vapours, which 
flowing over it are burnt, pass away, and are 
renewed : this combustion at the surface raises 
and sustains the temperature of the metal.” 
The combustible substance, thus reduced into 
imperceptible laminae, of which the concrete 
parts are in contact with the oxygen, is pre- 
sumed to be in a state combinable with the 
oxygen at a much lower temperature than when 
it is in the gaseous state, and more in analogy 
with what is called the nascent condition. That 
combustible gases should lose their elastic state, 
and become concrete, assuming the form of ex- 
ceedingly attenuated but solid strata, is con- 
sidered as proved by facts, some of which are 
quoted in the Giomale di Fima for 1824;* and 
though the theory requires that they should 
assume this state at high temperatures, and 
though the similar films of aqueous and other 
matter are dissipated by the action of heat, 
still the facts are considered as justifying the 
conclusion against all opposition of reasoning. 

614. The power or force which makes com- 
bustible gas or vapour abandon its elastic state 
in contact with a solid, that it may cover the 
latter i^dth a thin stratum of its own proper 

^iSfiormU m Fistea, 4bc., 1825, Vol. VIII, p. 259. 

*pp. 138,871. 


substance, is contidered as being neither 
traction nor affinity. It is able also to extend 
liquids and solids in concrete laminse over the 
surface of the acting solid body, and conmste 
in a repwteton, which is developed from the 
parts of the solid body by the simple fact of 
attenuation, and is highest when the attenua- 
tion is most complete. The force has a progres- 
sive development, and acts most powerfully, 
or at first, in the direction in which the dimen- 
sions of the attenuated mass decrease, and then 
in the direction of the angles or comers which 
from any cause may exist on the surface. This 
force not only causes spontaneous diffusion of 
gases and other substances over the surface, 
but is considered as very elementary in its na- 
ture, and competent to account for all the phe- 
nomena of capillarity, chemical affinity, attrac- 
tion of aggregation, rarefaction, ebullition, vol- 
atilization, explosion, and other thermometric 
effects, as well as inflammation,' detonation, 
&c., &c. It is considered as a form of heat to 
which the term native caloric is given, and is 
still further viewed as the principle of the two 
electricities and the two magnetisms. 

616. 1 have been the more anxious to give a 
correct abstract of Dr. Fusinieri^s view, both 
because 1 cannot form a distinct idea of the 
power to which he refers the phenomena, and 
because of my imperfect knowledge of the lan^* 
guage in which the memoir is wiitten. I would 
therefore beg to refer those who pursue the 
subject to the memoir itself. 

616. Not feeling, however, that the problem 
has yet been solved, I venture to give the view 
which seems to me sufficient, upon known prifh 
dplee, to account for the effect. 

617. It may be observed of this action, that, 
with regard to platina, it cannot be due to any 
peculiar, temporary condition, either of an elec- 
tric or of any other nature: the acti^ty of 
plates rendered either positive or negative by 
the pole, or cleaned with such different sub- 
stances as acids, alkalies, or water; charcoal, 
emery, ashes, or glass; or merely heated, is suf- 
ficient to negative such an opinion. Neithw 
does it depend upon the spongy and porous, or 
upon the compact and bumitiied, or upon the 
massive or the attenuated state of the mMt, 
for in any of these states it may be rendered^ 
fective, or its action may be taken away. The 
only essential condition appears to be a perfect^ 
ly dean and metaUic swface^ for whenever theft 
is present the pdatina acts, whatever its fonn 
and condition In other respects may be; and 
thougjh vmiations in the latt^ poihts Veiy 
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mpeh afiee^ tbe middity, and therefor^ tbe tHb- 
Ode appeamces and seeondary dfeots, of 
action, i&e ignition of ike metal and the in- 
flammation of the gases, they, even in their 
most favourable state, cannot produce any ef- 
fect unless the condition of a clean, pure, me- 
tallic surface be also fulfilled. 

618. The effect is evidently produced by most, 
if not all, solid bodies, weakly perhaps by many 
of them, but rising to a high degree in platina. 
Dulong and Thenard have very philosophically 
extended our knowledge of the property to its 
possession by all the metals, and by earths, 
gilass, stones, &c. (611); and every idea of its 
being a known and recognised electric action is 
in this way removed. 

619. All the phenomena connected with this 
subject press upon my mind the conviction 
that the effects in question are entirely inci- 
dental and of a secondary nature ; that they are 
dependent upon the natural conditions of gas- 
6CW1S elasticity, combined with the exertion of 
that attractive force possessed by many bod- 
ies, especially those which are solid, in an emi- 
nent degree, and probably belonging to all; by 
which they are drawn into association more or 
less close, without at the same time undergoing 
chemical combination, though often assuming 
the condition of adhesion; and which occasion- 
ally leads, under very favourable circumstances, 
as in the present instance, to the combination 
of bodies simultaneously subjected to this at- 
traction. I am prepared myself to admit (and 
probably many others are of the same opinion), 
both with respect to the a,ttraction of aggrega- 
tion and of chemical affinity, that the sphere 
of action of particles extends beyond those other 
particles with which they are immediately and 
evidently in union (523), and in many cases 
produces effects rising into considerable im- 
portitnoe: and I think that this kind of attrac- 
tion is a determining cause of Doberemer’s ef- 
fect, aaul of the many others of a similar nature. 

6%. Bodies which become wetted by fluids 
with which they do not combine chemically, or 
in which they do not dissolve, are simple and 
wdl-known instances of this kind of attraction. 

|621. Ail those cases of bodies which being in- 
cpltible in water and not combining with it are 
hygrometric, and ccmdense its vapour around 
or upon their surface, are stronger instances of 
the same power, and approach a little nearer to 
ti&eeais^und^inveetigation. If pulverized clay, 
l^ptpx^e or peroude of iron, oxide of manga- 
or even metals, as spongy platina 
QjS'jpceel^ted silver, be put into an atixmflh 


phete contmniiig vapour of water they soon 
become moist by virtue of an attraotimi which 
is able to condense the vapour upon, aithouid^ 
not to combine it with, the substances; and if, 
as is well known, these bodies so damped be 
put into a dry atmosphere, as, for instance, 
one confined over sulphuric acid, or if they be 
heated, then they yield up this water again al- 
most entirely, it not being in direct or perma- 
nent combination.^ 

622. Still better instances of the power I re- 
fer to, because they are more analogous to the 
cases to be explained, are furnished by the at- 
traction existing between glass and aw, so well 
known to barometer and thermometer makers, 
for here the adhesion or attraction is exerted 
between a solid and gases, bodies havmg very 
different physical conditions, having no power 
of combination with each other, and mch re- 
taining, during the time of action, its physical 
state unchanged.* When mercury is poured in- 
to a barometer tube, a film of air will remain 
between the metal and glass for months, or, as 
far as is known, for years, for it has never been 
displaced except by the action of means espe- 
cially fitted for the purpose. These consist in 
boiling the mercury, or in other words, of form- 
ing an abundance of vapour, which coming in 
contact with every part of the glass and every 
portion of surface of the mercury, gradually 
mingles with, dilutes, and carries off the air at- 
tracted by, and adhering to, those surfaces, re- 
placing it by other vapour, subject to an equal 
or perhaps greater attraction, but which when 
cooled condenses into the same liquid as that 
with which the tube is filled. 

623. Extraneous bodies, which, acting as nu- 
clei in crystallizing or depositing solutions, cause 
deposition of substances on them, when it does 
not occur elsewhere in the liquid, seem to pro- 
duce their effects by a power of the same Idnd, 
i.e., a power of attraction extending to neigh- 
bouring particles, and causing them to become 
attached to the nuclei, although it is not stremg 
enough to make them combine chemically with 
their substance. 

624. It would appear from many cases of nu- 
clei in solutions, and from the effects of bodies 

1 1 met ftt Edinburgh with a case, remarkable as to 
its extent, of hygrometric action, assisted a little per- 
haps by very night solvent power. Some turf had 
been weU<<lried by long exposure in a covered place 
to the atmosphere, but being then submitted to the 
ai^on of a li^drostatic press, it yielded, by the mssHs 
influence of the preeeuf^ 64 per cent of water. 

.4 Fusinien and Btilimi consider tiie air as'foHQEung • 
solid ooni^i^ filmi^these Oio/moleMFimoa^ 



put uilo atiDMSplim ebatainmg the vapoun 
of worter/or camphor, or iodine, &Cw, w thb 
attrieetioh wm in |»^ elective, f»rtalcm^ in 
its eharactein both of the attraction of aggre- 
gatmn and chemical affinity: nor ia this incon- 
Eostoit with, but agreeable to, the idea enter** 
tained that it is the power of particles acting, 
not upon others wiih which they can imme- 
diately and intimately combine, but upon such 
as are dther more distantly situated with re- 
spect to them, or which, from previous condi- 
tion, physical constitution, or feeble relation are 
unable to enter into decided imion with them* 

625. Then, of all bodies, the gases are those 
which might be expected to show some mutual 
action wldlstyoin^ under the attractive influ- 
ence of the platina or other solid acting sub- 
stance. Liquids, such as water, alcohol, &g«, 
are in so dense and comparatively incompres- 
sible a state, as to favour no expectation that 
their particles should approach much closer to 
each other by the attraction of the body to 
which they adhere, and yet that attraction 
must (according to its effects) place their par- 
ticles as near to those of the solid wetted tody 
as they are to each other, and in many cases it 
is evident that the former attraction is the 
stronger. But gases and vapours are todies 
competent to suffer very great changes in the 
relative distances of their particles by external 
agencies ; and where they are in immediate con- 
tact with the platina, the apinoximation of 
the particles to those of the metal may be very 
great. In the case of the hygrometric todies re- 
ferred to (621), it is sufficient to reduce the vsr 
pour to the fluid state, frequently from atmos- 
pheres so rare that without this influence it 
would be needful to compress them by mechan- 
ical force into a bulk not more than Hoth or 
even ^ioth of their original volume before the 
vapours would become liquids. 

626. Another most important consideration 
in rdLation to this action of todies, and which, 
as far as I am aware, has not hitherto been not* 
iced, is the condition of elasticity imcter which 
the gases are placed against the acting surface. 
We have but very imperfect notions of the real 
and intimafe conditmns of the particles of a 
tody existhkg in the solid, the liquid, and the 
gaseous state; but when we speak of the gas- 
eous state as bwg due to the mutual n^ul- 
tmm of tto partides or of theh atmospheres, 
alihbtigh we may m in imagining each parti- 

niMdeos to an atinospbere oi 
hMr m other agen^ we are 

the 


Nbw . tliks mutufd rda^ faHa attogdiw oh 
the £ide of the gaseous partidbs nlie^ to ^ 
platina, and we might be led to expect ApriM 
a deficiency of elastic force there to at least Mi 
half; for if, as Dalton has shown, tiie abstfi 
force of the imrtides of one gas cannot act 
against the elastic force of the particles of an-^* 
other, the two being asSracua to each other, so 
is it far less likely Ihat the particles (tf theidai- 
ina can exert any influence on those of the gSs 
against it, sudi as would be exerted by gaseous 
particles of its own kind. ' i ^ 

627. But the diminution of power to one-half 
on the side of the gaseous body towards tibe 
metal is only a slight result of what seems tome 
to flow as a necessary consequence of the known 
constitution of gases. An atmosphere of one 
ps or vapom, however dense or compress^ 
is in effect as a vacuum to anoth^: thus, if a 
little water were put into a vessel oontamingi 
dry gas, as air, of the pressure dt one hundred 
atmospheres, as much vapour of the water 
would rise as if it were in a perfect vacuum. 
Here the particles of watery vapour appear to 
have no difficulty in approachkig witii^ any 
distance of the particles of air, beinginfluOnced 
solely by relation to particles of their own kind; 
and if it be so with respect to a body having 
the same elastic powers as itself, how much 
more surely must it be so with particles, like 
those of the platina, or other limiting bo(^ 
which at the same time that they have 
these elastic powers, are also unlike it in 
ture! Hence it would seem to result that the 
particles of hydrogen or any other gas or vat 
pour which are next to the platina, &e., must 
be in such contact with it as if tb^ were in the 
Uquid state, and therefore dmost infinitdy 
closer to it than they are to each others evM 
though the metal be suiposed to exmi imat* 
tractive influence over them. 

626. A third and very important consider^ 
tionin favour of the mutual action of gaMiu#> 
der these circumstances is Hbm perfect misoa* 
bUity. If fluid bodies capable of combining hH 
gether are also capaUe of mixture, ^kiey do 
bine when are mingled, not waitiiqi; 
any ctimr determining drcunmtance ; but iitM 
mat gases as oxygen and hydrogM ^ 
geiber, thou|^ they are dements 
powerful affinity as to umte 
thousand different cireUmstaimes, de^net 
oombine by mere mixture. Still it in «ivi(knt 
that, tom their perfect assotiiatiji^ timing 
dee hi the most favemx^ 
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for oombmiltbii apon the mpetreiMon of my 
determxiing cauise) such dither as tiie negative 
action of the platina in suppressmg or annihi- 
hting^ as it were, their elasticity on its side; or 
tibe positive action of the metal in condensing 
them against its surface by an attractive force; 
or the influence of both together. 

62d. Although there are not many distinct 
oases of combination under the influence of 
forces external to the combining particles, yet 
there are sufficient to remove any difficulty 
which might arise on that ground. Sir James 
Ball found carbonic acid and lime to remain 
combined under pressure at temperatures at 
which they would not have remained combined 
if the pressure had been removed; and 1 have 
had occasion to observe a case of direct com- 
bination in chlorine,^ which being compressed 
at common temperatures will combine with 
water, and form a definite crystalline hydrate, 
incapable either of being formed or of existing 
if that pressure be removed. 

030. The course of events when platina acts 
upon, and combines oxygen and hydrogen, may 
be stated, according to these principles, as fol- 
lows. From the influence of the circumstances 
mentioned (619, &c.), i.e., the deficiency of 
elasUc power and the attraction of the metal 
for the gases, the latter, when they are in as- 
sociation with the former, are so far condensed 
as to be brought within the action of their mu- 
tual affinities at the existing temperature; the 
deficiency of elastic power, not merely subject- 
ing them more closely to the attractive influ- 
^ce of the metal, but also bringing them into 
a more favourable state for union, by abstract- 
ing a part of that power (upon which depends 
tibieir elasticity) which elsewhere in the mass 
of gases is opposing their combination. The 
eonsequ^ce of their combination is the pro- 
duction of the vapour of water and an eleva- 
tion of temp^ature. But as the attraction of 
the platina for the water formed is not greater 
than for the gases, if so great (for the metal is 
eearoely hygromekic), &e vapour is qmckly 
diffused throu^ the remaining gases: fresh 
portions of the latter, therefore, come into jux- 
taposithm with the metal, combine, and the 
fmk vapour fmmed is aia/o diffused, allowing 
new portioms of gas to be acted upon. In this 
way die pro^ advances, but is accelerated 
by tto Elution of heat, which is known by ex- 
perfoo^ to facilitate combination in pro- 
pQirtti^ to its intensity » and the temperature is 
exalted until ignition results. 
STbsiwosefonc, 1323, p. 161. 


631. Ihe disnpatbn of the Vapour produced 
at the surface of the platina, and the contact of 
fresh oxy^n and hydrogen with the metal, 
form no difficulty in this explication. The plat- 
ina is not considered as causing the combination 
of any particles with itself, but only associat- 
ing them closely around it: and the compressed 
particles are as free to move from the platina, 
being replaced by other particles, as a portion 
of dense air upon the surface of the globe, or at 
the bottom of a deep mine, is free to move by 
the slightest impulse, into the upper and rarer 
parts of the atmosphere. 

632. It eUn hardly be necessary to /give any 
reasons why platina does not show this effect 
under ordinary circumstances. It is ihen not 
sufficiently clean (617), and the gaseslare pre- 
vented from touching it, and suffering ^hat de- 
gree of effect which is needful to coihmence 
their combination at common tempeWures 
and which they can only experience at its sur- 
face. In fact, the very power which causes the 
combination of oxygen and hydrogen is com- 
petent, under the usual casual exposure of plat- 
ina, to condense extraneous matters upon its 
surface, which, soiling it, take away for the 
time its power of combining oxygen and hy- 
drogen, by preventing their contact with it 
(698). 

633. Clean platina, by which I mean such as 
has been made the positive pole of a pile (570), 
or has been treated with acid (605), and has 
then been put into distilled water for twelve or 
fifteen minutes, has a pecvliar friction when 
one piece is rubbed against another. It wets 
freely with pure water, even after it has been 
shaken and dried by the heat of a spirit-lamp; 
and if made the pole of a voltaic pile in a dilute 
acid, it evolves minute bubbles from every part 
of its surface. But platina in its common state 
wants that peculiar friction: it will not wet 
freely with water as the clean platina does ; and 
when made the positive pole of a pile, it for a 
time gives off toge bubbles, which seem to 
cling or adhere to the metal, and are evolved at 
distinct and s^arate points of the surface. 
These appearances and effects, as well as its 
want of power on oicygen and hydrogen, are 
the consequences, and the indicationB, of a 
soiled surface. 

634. 1 found also that platina plates which 
had be^ cleaned perfectly soon b^ame soiled 
by mere exposure to the air; for after twenty- 
four hours they no longer moistened freely with 
water, but the fluid ran up into portions, lesv-* 
ixig part of thesurfaoe haie* whilst other 



Nm. 1888 ELEGTRICITY 887 


which had beea retained in wator for the same 
time, when they were dried (580) did mdsten, 
and gave the other indications of a clean sur- 
face. 

635. Nor was this the case with platina or 
metals only, but also with earthy bodies. Rock 
crystal and obsidian would not wet freely upon 
the surface, but being moistened with strong 
oil of vitriol, then washed, and left in distilled 
water to remove all the acid, they did freely 
become moistened, whether they were previ- 
ously dry or whether they were left wet; but 
being dried and left exposed to the air for twen- 
ty-four hours, their surface became so soiled 
that water would not then adhere freely to it, 
but ran up into partial portions. Wiping with 
a cloth (even the cleanest) was still worse than 
exposure to air; the surface either of the min- 
erals or metals immediately became as if it 
were slightly greasy. The floating upon water 
of small particles of metals under ordinary cir- 
cumstances is a consequence of this kind of 
soiled surface. The extreme difficulty of clean- 
ing the surface of mercury when it has once 
been soiled or greased, is due to the same cause. 

636. The same reasons explain why the pow- 
er of the platina plates in some circumstances 
soon disappear, and especially upon use: MM. 
Dulong and Thenard have observed the same 
effect with the spongy metal,^ as indeed have 
all those who have used Dobereiner’s instan- 
taneous light machines. If left in the air, if put 
into ordinary distilled water, if made to act up- 
on ordinary oxygen and hydrogen, they can 
still find in all these cases that minute portion 
of impurity which, when once in contact with 
the surface of the platina, is retained there, and 
is sufficient to prevent its full action upon oxy- 
gen and hydrogen at common temperatures: a 
slight elevation of temperature is again suffi- 
cient to compensate this effect, and cause com- 
bination. 

637. No state of asolid body can be conceived 
more favourable for the production of the ef- 
fect than that which is possessed by platina ob- 
tained from the ammonio-muriate by heat. Its 
surface is most extensive and pure, yet very 
accessible to the gases brought In contact with 
it: if placed m impurity, the interior, as The- 
nard and Dulong have observed, is preserved 
clean by the exterimr; and as regards tempera- 
ture, it is so bad a conductor of heat, because 
of its divided condition, that almost aU which 
is evolved by the combination of the por- 
tions of gas is retained within the mass, exatb- 

I Ckimie, Vdl. XXtV. p. B86. 


ing the tendency of the sucoeeding poitiim^ 
combine. Vi 

; ' f 

638. 1 have now to notice some very extra- 
ordinary interferences with this phenomenal, 
dependent, not upon the nature or conditionof 
the metal or other acting solid, but upon the 
presence of certain substances mingled with 
the gases acted upon; and as I shall have oc- 
casion to speak frequently of a mixture of oxy- 
gen and hydrogen, I wish it always to be und^ 
stood that I mean a mixture composed of one 
volume of oxygen to two volumes of hydrogen, 
being the proportions that form water. Unless 
otherwise expressed, the hydrogen was always 
that obtained by the action of dilute sulphuric 
acid on pure zinc, and the oxygen that obtained 
by the action of heat from the chlorate of po- 
tassa. 

639. Mixtures of oxygen and hydrogen witti 
atr, containing one-fourth, one-half, and ev^ 
two-thirds of the latter, being introduced with 
prepared platina plates (570, 605) into tubes, 
were acted upon almost as well as if no air were 
present : the retardation was far less than might 
have been expected from the mere dilution and 
consequent obstruction to the contact of the 
gases with the plates. In two hours and a half 
nearly all the oxygen and hydrogen introduced 
as mixture was gone. 

640. But when similar experiments weremade 
with olefiant gas (the platina plates having been 
made tbe positive poles of a voltaic pile [570] 
in acid), very different results occurred. A mix- 
ture was made of 29.2 volumes hydrogen and 
14.6 volumes oxygen, being the proportions 
for water; and to this was added another mix^ 
ture of 3 volumes oxygen and one volume ole- 
fiant gas, so that the olefiant gas formed but 
Jisth part of the whole; yet in this mixture the 
platina plate would not act in forty-five hours. 
The failure was not for want of any power in 
the plate, for when after that time it was taken 
out of this mixture and put into one of oxygen 
and hydrogen, it imm^iately acted, and In 
seven minutes caused explosion of the gas. This 
result was obtained several times, and wfa^ 
larger proportions of olefiant gas wm 

the action seemed still more hopdess. 

641. A mixture of forty-nine volutnes 

gen and hydrogen (638) with one volunae bf 
olefiant gas had a well-prepared phtSnA plate 
introduced. The diminution of gas 
ly serunble at the end of two^ dminf 
which it was watched; btxt ob ba^niins^tioii 
twmty-fcmr hours aft(Erward% tbbd wift 




the 

H had bem yetj mu<^ retarded^ had 
oecun^ id lafit, and risen to a ma^dmum. 

. t642. With a znixtu)re of tunety^nine Volutnes 

oxygen and hydrogen (638). with one of olo- 
fiaid gn^, a feeble action was evident at the end 
minutes; it w^t on accelerating (630) 
iantil the ^ghty-fifth minute, and then became 
so intense that the gas exploded* Here also the 
ivj^arding ^ect of the olefiant gas was very 
Watifully illustrated. 

:643. Plates prepared by alkali and add (605) 
luoduced effects corresponding to those just 
described. 

644. It is perfectly clear from these experi* 
ments, that olefiant gaa^ even in small <iuanti- 
4ies, has a very remarkable influence in pre- 
venting the combination of oxygen and hydro- 
'^gen under these circumstances, and yet with- 
:^t at all injuring or affecting the power of the 
platina. 

: 645. Another striking illustration of similar 
interference may be shown in carbonic oxide; 
especially if contrasted with carbomc acid. A 
mixi^ of one volume oxygen and hydrogen 
<6^3 with four volumes of carbonic acid was 
affeded at once by a platina plate prepared 
with acid, dec. (605), and m one hour and a 
quarter newrly all the oxygen and hydrogen 
was gone. Mixtures containing less carbonic 
acid were still more readily affected. 

646. But when carbonic oxide was substi- 
tuted for the carbonic acid, not the slightest ef- 
fect of combination was produced; and whm 
the carbonic oxide was only one-eighth of the 
whole volume, no action occurred in forty and 
fifty hours. IFat the plates had not lost their 
power; for bring taken out and put into pure 
. aaad hy^gwi, they acted well and at 

^HSce. 

; 647. Two volumes of carbcmic oxide and one 
j0| oxygen were mingled with nine volumes 


whM tiiey made fbui>fifti3e0{1^ 
ume of gas acted upon. Nor was the retonk^ 
tbn so great in any case as nnght have been 
expected from the mere dilution of Ihe oxygen 
and hydrogen, and the consequent mechanical 
obstruction to its contact with the platina; The 
order in which carbonic acid' and these sub* 
stances seemed to stand was as follows, the &st 
interfering least with the action; oxide, 

hydrogen^ carbonic acid^ nitro^n, oxygen: but it 
is possible the plates were not equally well pre^ 
pared in all the cases, and that other circum- 
stances abb were unequal; consequ^tly more 
numerous experiments would be required to 
establish the order accurately. 

649. As to cases of feAaTdrMon^ the jlbwem of 
olefiant gas and carbonic oxide have been al- 
ready described. Mixtures of oxy^n and hydro- 
gen, containing from )i«th, to )ioth of smphuiv 
ett^ hydrogen or phosphuretted hydrogen, 
seemed to show a little action at first, but were 
not further affected by the prepar^ plates, 
though in contact with them for seventy hours. 
When the plates were removed they had lost all 
power over pure oxygen and hydrogen, and the 
interference of these gases was therefore of a 
different nature from that of the two former, 
having permanently affected the plate. 

650. A small piece of cork was dipped in sul- 
phuret of carbon and passed up throu^ water 
into a tube containing oxygen and hydrogen 
(638), so as to diffuse a portion of its vapour 
through the gases. A plate being introduced 
iq>peared at ^t to act a little, but after sixty* 
one hours the diminution was very small. Up- 
on putting the same plate into a pure mixture 
of oxygen and hydrogen, it acted at once and 
powerfully, having apparently suffered no dim- 
inution of its force. 

651. A little vapour of ether being mixed 
with the oxygen and hydrogen retarded the ac^ 


>C,qX 3 ^eia and hydrogea (638). Thb mixture 
affected bj a plate which had been 
ipailq |K)ritive in addf it remained in it 
ptm hours. But wlm to the same volumes of 
nxide and oxygen were added tMrty- 
v^umes oi oxygen and hydrogen, the 
riMflbonieiudde bei^ ^en mly Hath part of the 
slowly at fimt, and at 
Steendpflorfy-^itroiiris^^ 

were extoided to 
and vapo|ii% the^general resuljb 
may begivenias fc^bw. Oxygen, hy^ 
nitrogen, and nitrous oxide, when us^ 
mixture of <»grgen aDdhydrc^;eB| 


tion of the plate, but did not prevent it alto- 
gether. A little pfthe vapour of the condensed 
oil-gas liquori retmded the action still more, 
but not nearly So murii as an equal vriume of 
olefiant gas woildd have done. In both these 
cases it was ^thei^sgmai oxygen and hydrogen 
which combined together^ ether and <tbe 
oil^gas .vapour jmainmg unaffected, and in 
both cases the i^tesretiiiiied the powor of act? 
i]^ on fresh oxyg^ and hydr^^ 

6^. jSpongy plab^.was;lto used in piaes 
of the plates^ and jets of hsrdjrogen nringled 
the gases agahiet iAJss 
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exaxilly bl 

altKotigli preB^ted occasionaB^ in & tmtt im« 
posiDg form. Thus, mixtures of one of 
diefiant gas or carbonic oxide with three of hy- 
drogen could not heat the spongy platrna when 
the expmments were commenced at common 
temperatures; but a mixture of equal volumes 
of nitrogen and hydrogen acted very well, caus* 
ing ignition. With carbonic acid the results 
were still more striking. A mixture of three vol- 
umes of tiiat gas with one of hydrogen caused 
ignition of the platina, yet that mixture wcHild 
not continue to bum from the jet when at^ 
tempts were made to light it by a taper. A mix- 
ture even of seven volumes of carbonic acid and 
one of hydrogen will thus cause the ignition of 
cold spongy platina, and yet, as if to supply a 
contrast, than which none Can be greater, U 
cannot hum at a taper y but causes the extinc^ 
tion of the latter. On the other hand, the mix- 
tures of carbonic oxide or olefiant gas, which 
can do nothing with the platina, arc inflamed 
by the taper, burning well. 

663. Hydrogen mingled with the vapour of 
ether or oil-gas liquor causes the ignition of the 
spongy platina. The mixture ^ith oil-gas bums 
with a flame far brighter than that of the mix- 
ture of hydrogen and olefiant gas already ren 
ferred to, so that it would appear tlmt the re- 
tarding suction of the hydrocarbons is not at all 
in proportion merely to the quantity of carbon 
present. 

654. In connexion with these interferences, I 
must state, that hydrogen itself, prepared from 
steam passed over igni^ iron, was found when 
mingled with oxygen to resist the action of 
platina. It had stood over water seven days, 
and had lost all fetid smell; but a jet of it would 
not cause the ignition of spongy platina, com- 
mencing at common temperatures; nor would 
it combine with oxygen in a tube eittiw under 
the influence of a prepared plate or of s^ngy 
platina. A mixture of one volume of this gas 
with three of puie hydrogen, and the due pro- 
portion of oxygen, was not affected by plates 
after fifty hours. I am inclined to refer the ef- 
fect to carbonic oxide present in the gas, but 
have not had time to verify the suspicion. Tbe 
power of the plates was not destroyed (640, 
646). 

666. Such are the general facts of these re- 
markable interferences. Whether the effect pro- 
duced by such small quantities of certain ^uses 
depends upon any cUrect action which they 
maj^ exeH upon paitidles of oxygenand hy- 
ihxkgen^ by which the latter are rendered less 


inolined to ocmfaone, ov whether it depends up* 
on their nmdiifymg the action of the ^te tem*** 
porarily (for they produce no real cha^ on 
it), by investing it through the agency of a 
stronger attraction than t^t of the hydrogen, 
or otherwise, remains to be decided by more 
extended experiments. 

656. The theory of action which I have sdven 
for the original phenomena appears to me quite 
sufficient to account for all the effects by ref- 
erence to known properties, and dispenses with 
the assumption of any new power of matter. I 
have pursued this subject at some length, as 
one of great consequence, because I am con- 
vinced that the superficial actions of matter, 
whether between two bodies, or of one piece of 
the same body, and the actions of particles not 
directly or strongly in combination, are becom- 
ing dafiy more and more important to our the*- 
ories of chemical as well as mechanical philos* 
ophy.^ In all ordinary cases of combustion it is 
evident that an action of the kind considered, 
occurring upon the surface of the carbon in the 
fire, and also in the bright part of a flame, must 
have great influence over the combinations 
there taking place. 

657. The condition of elasticity upon the ex- 
terior of the gaseous or vaporous mass already 
referred to (626, 627), must be connected di- 
rectly with the action of solid bodies, as nu- 
clei, on vapours, causing condensation upon 
them in preference to any condensation in the 
vapours themselves; and in the well-known et* 
feet of nuclei on solutions a similar condition 
may have existence (623), for an analogy in 
condition exists between the parts of a body in 
solution, and those of a body in the vaporous 
or gaseous state. This thought leads us to tbS 
consideration of what are the respective con- 
ditions at the surfaces of contact of two por*- 
tions of the same substance at the same tem- 
perature, one in the solid or liquid, and the 
other in the vaporous state; as, for instance, 

^ As a curious illustration of the influence of 
ohanioal forces over oheznical affinity, I will quote 
the refusal of certain substances to effioresce when 
their surfaces are perfect, which yield immediately 
upon the surface being broken. If crystals of o»bon- 
ate of soda, or phosphate of soda, or sulphate of soda* 
having no part of their surfaces broken, b^r q ea rv ed 
from external violence, they will not emoMM. 1 
have thus retained crystals of carbonate of soda 
fect^ transparent and unchanged from SMrtembar 
1827 to January 1833; and crystals of ayiphats ot 
soda from May 1832 to the present time, wvmtm 
1883. U any part of the surface were seratohed or 
broken, tlm e&resoence began at that part and 
covered the whole. The oryst^ were mer^ plaeed 
in evaporating basins and oovered with paper. 
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stteam snd water^ It would se^ that tite par- 
tides of vapour next to the particles of liquid 
are in a different relation to the latter to what 
they would be with respect to any other liquid 
or solid substance; as, for instance, mercury or 
platina, if they were made to replace the water, 
i*e., if the view of independent action which I 
have taken (626, 627) as a consequence of Dal- 
ton% principles, be correct. It would also seem 
that the mutud relation of similar particles, 
and the indiff erenc 3 of dissimilar particles which 
Dalton has established as a matter of fact 
amongst gases and vapours, extends to a cer- 
tain degree amongst solids and fluids, that is, 
when they are in relation by contact with va- 
pours, either of their own substance or of other 
bodies. But though I view these points as of 
great importance with respect to l^e relations 
'"existing between different substances and their 
physical constitution in the solid, liquid, or 
gaseous state, I have not sufficiently consid- 
ered them to venture any strong opinions or 
statements here.^ 

668. There are numerous well-known cases, 
in which substances, such as oxygen and hy- 
drog^, act readily in their nascent state, and 
produce chemical changes which they are not 
able to effect if once they have assumed the 
gaseous condition. Such instances are very com- 
mon at the poles of the voltaic pile, and are, I 
think, easily accounted for, if it be considered 
that at the moment of separation of any such 
particle it is entirely surrounded by other par- 
ticles of a differefU Idnd with which it is in close 
Contact, and has not yet assumed those rela- 
tions and conditions which it has in its fully 
developed state, and which it can only assume 
by association with other particles of its own 
khid. For, at the moment, its elasticity is ab- 
sent, and it is in the same relation to particles 
with which it is in contact, and for which it has 
an affinity, as the particles of oxygen and hy- 

X In Tdferenoe to this paragraph and also 626, see a 
oorreetion by Dr. C. Henry, in his valuable paper on 
this curious subject. PhUoaoj^ical Maganne, 1835, 
Vpl. VI. p. 366.— Dec. 1838. 


drogen are to eadi other on tke surface of clean 
platina (626, 627). 

659. The singular effects of retardation pro- 
duced by very small quantities of some gases, 
and not by large quantities of others (640, 646, 
652), if dependent upon any relation of the ad- 
ded gas to the surface of the solid, will then 
probably be found immediately connected with 
the curious phenomena which are presented by 
different gases when passing through narrow 
tubes at low pressures, which I observed many 
years ago;‘ and this action of surfaces must, I 
think, influence the highly interesting,phenom- 
ena of th'bffiffusion of gases, at least in the form 
in which it has been experimented upcm by Mr. 
Graham in 1829 and 1831,^ and alsd by Dr. 
Mitchell of Philadelphia^ in 1830. It se^ns very 
probable that if such a substance as\spongy 
platina were used, another law for the dmusion 
of gases under the circumstances would come 
out than that obtained by the use of plaster of 
Paris. 

660. 1 intended to have followed this section 
by one on the secondary piles of Ritter, and 
the peculiar properties of the poles of the pile, or 
of metals through which electricity has passed, 
which have been observed by Ritter, Van 
Marum, Yelin, De la Rive, Marianini, Berze- 
lius, and others. It appears to me that all these 
phenomena bear a satisfactory explanation on 
known principles, connected with the investi- 
gation just terminated, and do not require the 
assumption of any new state or new property. 
But as the experiments advanced, especially 
those of Marianini, require very careful repe- 
tition and examination, the necessity of pursu- 
ing the subject of electro-chemical decomposi- 
tion obliges me for a time to defer the researches 
to which I have just referred. 

Royal InstUvlion, November 30, 1833 

* Quarterly Journal of Seienee, 1819, Vol. VII, p. 
106. 

• Quarterly Journal of Science^ Vol. XXVIII, p. 74, 
and Edinburgh TraneadiorM, 1831. 

« Journal of the Royal Institution for 1831. p. 101. 
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Prdtmtnary 

661 .The theory which 1 bdieve to be a true ex- 
presKon of the facts of electro-chemical decom- 
position, and which I have therefore detailed 
in a former series of these Resear^ies, is so much 
at variance with those previouriy advanced, 
that I find the greatest difficulty in stating re- 
sults, as I think, correctly, whilst limited to 
the use of terms which are current with a cer- 
tain accepted meaning. Of this kiud is the term 
pole, with its prefixes of positive and negative, 
and the attached ideas of attraction and repul- 
sion. The general phraseology is that the pori- 
tive pole aUraets oxygen, acids, &c., or more 
cautiously, that it determines their evolution 
upon its surface; and that the negative pole 
acts in an equal manner upon hydrogen, com- 
bustibles, metals, and bases. According to my 
view, the determining force is not at the poles, 
but within the body under decomposition; and 
the oyxgen and acids are rendered at the neg- 
atm extremity of that body, whilst hydrogen, 
metals, Ac., are evolved at tlte positive extrrau- 
ity f518, 624). 

662. To avoid, therefore, confusion and cir- 
cumlocution, mid for the sake of greater preci- 
sion of expression than I can otherwise obtain, 
I have d^beratdy considered fhe subject with 
two friends, and wifh their assistance and con- 
currence in framing them, I purpose hencefor- 
ward using certain other terms, 'vriiioh I will 
now define. The poles, as they are usually 
cidlad, are only the doors or ways by which the 
electric current passes into and out of the de- 
comporing body (566); and they 6f couim, 
wbmi in contact with tlmt body, are the limits 
of its extent in tiie <fireetion of &e current. The 

* Reftr to the note efter 1047, SetiM VUL— Dse. 
1888. 


term has been generally applied to the metal 
surfaces in contact with the decompoang sub- 
stance; but whether philosophers generally 
would also apply it to the surfaces of air 
(465, 471) and water (493), against which I 
have effected electro-chemical decomposition, 
is subject to doubt. In place of the torn 
pole, I propose using that of elecirode,* and I 
mean thereby that substance, or rathm 
surface, whether of air, water, metid, or any 
other body, which bounds the extent of the 
decomposing matter in the direction of tlm 
electric current. . ' 

663. The surfaces at which, according to 
common phraseology, the electric current M- 
ters and leaves a decomposing body, are most 
important places of action, and require to be 
distinguished apart from the poles, with vdiiob 
they are mostly, and the electrodes, with whi(di 
they are always, in contact. Wishing for a nat- 
ural standard of electric direction to which I 
might refer these, expressive of their diffmence 
and at tire same time free from all theory, I 
have tiiotq^t it might be found in the eartih. If 
the magnetism of ^e earth be due to eleotrie 
currents passing round it, Ibe latter must be in 
a constant direction, which, according to pres- 
ent usage of q}eech, would be from east to wMt, 
or, whi^ will strer^hen this help to the mem- 
ory, that in which the sun appears to move. If 
m any case of electio-decomposition we eosfr 
aider the decomposing body as placed so that 
the eurrmit passing through it sludl be in tiM' 
same direction, and parallel to that euppoMid 
to oust in the eartir, the surfai^ at^tflfiob 

the electricity is passing into and ont.ntf tim 
substimce' would have an invuialde 
and exhil^t oonstantiy the same rda(^ 
•pMtrpev, sad itii ‘a way.' ^ iv 


861 
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&is notion wa {nupose calling 
tintt towasi^ tiie east the mode,^ end that to*' 
vmcds the west the cathode, ^ and whatever 
ehaa^i^ niay take place in our yiewa of the na- 
tiM^e of deotricity and dectrical'action, a# th^y 
vamt aiffect the natural ^ndard referr^ to» in 
&e same direction, and to an equal amount 
with any decomposing substances to. which 
these terms may at any time be applied, there 
seems no reason to expect that they will lead 
to confusion, or tend in any v^y to mipport 
false views. The anode is therefore that surface 
at which the electric current, according to ofir 
present expression, enters: it is the negaiioe ex- 
tiemity of the decomposing body; is where ox- 
ygen, chlorine, acids, &c., are evolved; and is 
against or opposite the positive electrode. The 
^a&ode is that surface at which the curr^ 
lesves the decomposing body, and is its posir 
Im^ctremity; the combustible bodies, metals, 
alkalies, and bases, are evolved there, and it is 
ih contact with the negative electrode. 

, i 664. 1 ihall have occasion in these Reeearchee, 
abo, to class bodies together according to cer- 


iarms are much lck> tignifieani for ^ use to, 
which I should have to put them; fen* thou|^ 
the meanings are perhaps ri^t, are only 
hypothetical, and may be wrong; and then, 
through a very imperceptible, but still very 
dangerous, because continual, influence, they 
do g^t injury to science, by contracting and 
hmiting the habitual views of those engaged in 
pursuing it. I propose to distinguish such bod- 
ies by calling those anions^ ^hich go to the on- 
ode of the decomposing body; and those pass- 
ing to the cathode^ caiione,'^ and when I have 
occasion to speak of these together, 1, shall call 
them ioae!Thus the chloride of lead is an eleo- 
trolyte, and when electrolyzed evolves the two 
ionSf chlorine and lead, the foxmer neing an 
anion, and the latter a cation* \ 

666. These terms being once well-Hdefined, 
will, I hope, in thdr use enable me to avoid 
much periphrasis and ambiguity of expression. 
I do not mean to press them into service more 
frequently than will be required, for I am fully 
aware that names are one thing and science 
another. 


lain relations derived from their electrical ac- 
tions (822) ; and wishing to express those rela- 
tions witiiout at the same time involving the 
exprlBskm of any hypothetical views, I intend 
unng the lollowing names and terms. Many 
bodies are decomposed directly by the eLectric 
current, their elements being set free; these I 
popose to call electrolytes^ Water, therefore, is 
aa deotrolyte. The bodies which, like nitric or 
md^urio adds, are decomposed in a secondary 
manner (752, 757), are nqt included imder this 
teim. Tlien for eledrMsftmtcady decomposed, 1 
sjbaH often use the term electrolyzed, derived in 
^ same way, and imply^ that tiie body 
of is separated into its compmlents un- 
dW the influence of dectiicity: it is analogous 
its aenae and sound to analyse, winch is de- 
3 ^ 2 BWd in a similar manner. The term electrol^ 
atad iriU be understood at once: muriatic acid 
kitii(M3tidytical, boradc acid is not. 

; Ffualiy, X reqiure a term to express 

bcd&Bs which cap pass to the dectrodes, or, as 
iiicy..aire usuafly c^ied, the poles. Substances 
arc foequmtly spoken of as bdng electro^neyor 
tieCt according as they go un- 

der tiie supposed influence of a direct attrao- 
the positive or negative pole. But these 

*upwiu‘ds* att<^ Mi *a wsyf the way iMdbi 

*dowaw;ards*| b;Way*; tha; way 

«||m the sun seta., 

and XCui, adbs. K; Itlectrolyta, W, 


667. It will be well understood that I am giv- 
ing no opinion respecting the nature of the elec- 
tric current now, b^rond what I have done on 
former occasions (283, 517) ; and that though X 
speak of the current ns proceeding from the 
parts which are positive to those which are neg- 
ative (663), it is merely in accordance with the 
conventional, though in some degree tacit, 
agreement entered into by scientific men, that 
they may have a constant, certain, and definite 
means of referring to the direction of the forces 
of that current.* 

f iv. On Same General Conditions Electro- 
chemical Decomposition 

669. From the period when electro-chemical 
decomposition was first effected to the present 
time, it has been a remark, that those elements 
which, in the ordin^ phenomena of chemical 
afilnity^ were the most directly opposed to each 
otiier, and combined with the greatest attrac- 
tive force, were those which were the 
readily evohred at the opposite extremities pf 

deoompMing bodies (549), 

670, If <this result was evidmt when water 
was supposed to be essential to, and was pme- 

which goes up*’ (Neuter, pturtt^pje.),. . 

• Kori^ *tbat 'which goes down.* 

«6iaoe this p^MW was read, I have changed some' 
oftheiieims wemfiratprbiKU^ thaS I aaii^ 
employ only such as were at the same time simple in 
ththr nature, clrer i&t-tlielr mfereuee^^and h^ie lrem 
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(4712)^ it k &MP 9?n4eat;i:i<i^ thuiit h9A0 
be^fhom laid proved l^at water is mi nech 
^^usoily coiLpiem^ in the phenom^ia (474), 
and tt^ other bodies much surpass it in some 
of the .eS^ supposed to be peculiar to that 
substance. 

671^ .Water, from its constitution and the na- 
ture of its elements, and from its frequ^t pres- 
ence in cases of electrolytic action, has hitherto 
stood foremost in this respect. Though s com- 
pound formed by very powerful affinity, it 
yields up its elements under the influence of a 
very feeble electric current; and it is doubtful 
whether a case of electrolysation can occur, 
where, being present, it is not resolved into its 
first principles. 

672. The various oxides, chlorides, iodides, 
and salts, which I have shown are decompos- 
able by the electric current when in the liquid 
state, under the same general law with water 
(402), illustrate in an equally striking manner 
the activity, in such decompositions, of ele- 
ments directly and powerfully opposed to each 
other by their chemical relations. 

673. On the other hand, bodies dependent on 
weak affinities very rarely give way. Take, for 
instance, glasses: many of those formed of sil- 
ica, lime, alkali, and oxide of lead, may be con- 
sidered as little more than solutions of sub- 
stances one in another.^ If bottle-glass be fused, 
and subjected to the voltaic pile, it does not 
appear to be at all decompose (408). If flint 
glass, which contains substances more directly 
oppo^, be operated upon, it suffers some de- 
composition; and if borate of lead glass, which 
is a definite chemical compound, be experi- 
mented with, it i*eadily yields up its elements 
(408). 

674. But tibie result which is found to be so 
strildzig in the instances quoted is not at aU 
borne out by reference to othw cases where a 
similar consequence might have been expected. 
It may be said, that my own theory of electro- 
chemical decomposition would lead to the ex- 
pectatiem that aU compound bodies should give 

the influence of the electric current 
wi&# fadlii^ proportionate to the strength of 
]^:which thdr dements, either proK- 
imateoK ultimate, are eoinhined. I am not sure 
ths^ that follows m a, Ksonsequence of the the* 
o);y; but if the objection is supposed to be one 
present^ by the facte, I have no doubt it will 
^hen wn obtain a, more intimate 
of, thanar 

i/kl IM<h p* 4a. 


turn of ebeimod ai^ty and the mode 
of andectrie current over it (618, 524) ; bwdes 
which} itie just as director oppos^ to 
er themy of electro-chemical decomporidOn eii 
the or^ I have propounded; for if it be admi^ 
ted, as isrgeneratty the.case, that the more 
rectly bodW are opposed to each other in thdr 
attractive forces, ihe more powerfully do they 
combine, then the objection applies with equal 
force to any of the theories of electrolyaatioil 
which have been considered, and is mi additbn 
to those which I have taken against them.^ . 

675. Amongst powerful compounds whidi 
are not decomposed, boracic adds stand prom- 
inent (408). Then again, the iodide of sulpbmr, 
and the chlorides of sulidiur, phosphorus, and 
carbon, are not decomposable under comnuHi 
circumstances, though their elements are a 
nature which would lead to a contrary expec- 
tation. Chloride of antimony (402, 690), the 
hydro-carbons, aceticacid, ammonia, and many 
other bodies undecomposable by the voltaic 
pile, would seem to be formed by an affimty 
sufficiently strong to indicate that the elements 
were so far contrasted in their nature as to 
sanction the expectation that the pile would 
separate them, especially as in some cases of 
mere solution (530, 544), where the affinity 
must by comparison be very weak, separati<m 
takes place.^ 

676. It must not be forgotten, however, that 
much of this difficulty, and perhaps the whole^ 
may depend upon t^e absence of oonductibg 
power, which, preventing the i^ansmissbn of 
the current, prevents of course the effects dm 
to. it. AU Imown compounds being non-cemr 
ductors when solid, but conductors when U**? 
quid, are decomposed, with perhdpe the single 
exception at present known of periodide of mss- 
cury (679, 691);* and even water itself, whidht 
so easUy yields up its dements when the ouiv 
rent passes,, if. rendered quite pure, scUtedy < 
suffers chac^, because it then Imomes 4 r&ey 
bad conductor. 

677. If it shcmld hereafter be proved that the 
want of decomposition in those cases 'wbrnif 
frcHii chemical considerations, it mi^t be ssf 
strongly expected (669, 672, 674), is due tatibe ; 
absence or deficiency of conducting powd^^^ 
would also at the same rime be proved thai dife^ 
compodtion dapeads upon conduction, and dot. 
the latter^upon the former (413) ; 

* With regard to solution, I have met wHiit' 
reasons for supposing that it will probahly damppmh 
as a cause of tranaferecce, and intend, rpeutting tlw 
oottsideratiaa at a oonvenient oppomaity.' ' 

• See imw, 1340, 134i.-/>0e. 1838. 
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^bk smod tb he very iieaily decided. On the 
other hand, the conohifflon is almost irresisir 
ible that hi electrolytes the power of transmitr 
ting the dbctricity across the substance is de- 
pendent upon thdr capability of suffering de- 
composition; taking place only whilst they are 
deoc^posing, and being proportionate to the 
quantity of elements separated (821). I may 
Uot^ however, stop to discuss this point exper- 
imentcdly at present. 

678. l^en a compound contains such ele- 
ments as are known to pass towards the oppo- 
site extremities of the voltaic pile, still the pro- 
portions in which they are present appear to be 
intimately connected with capability in the 
compound of suffering or resisting decomposi- 
tion. Thus, the protochloride of tin readily con- 
ducts, and is decomposed (402), but the pex^ 
chloride neither conducts nor is decomposed 
(406) . The protiodide of tin is decomposed when 
fluid (402) ; the periodide is not (405). The pei^ 
iodide of mercury when fused is not decom- 
posed (691), even though it does conduct. I was 
unable to contrast it with the protiodide, the 
latter bring converted into mercury and perio- 
dide by heat. 

679. These important differences induced me 
to look more closely to certain binary com- 
pounds, with a view of ascertaining whether a 
law regulating the decomposability according to 
some reUUim of the proportionals or equivabmts 
of the elements, could be discovered. The proto 
compoonds only, amongst those just referred 
to, were decomposable; and on referring to the 
substances quoted to illustrate the force and 
generality of the law of conduction and decom- 
position which I discovered (402), it will be 
found that all the oxides, chlorides, and iodides 
subject to it, except the chloride of antimony 
end the periodide of mercury (to which may 
now perhaps be added corrosive sublimate), 
are also decomposable, whilst many per com- 
pounds of the same elements, not subject to 

bw, were not so (405, 406). 

. 680. ibe substances which appeared to form 
the strongest exceptions to this general result 
wim surii bodies as the sulphuric, phosphoric, 
nitric, arsenic, and other acids. 

681. On experim^ting with sulphuric arid, 
1 found ho reason to believe that it was by itr 
self a conductor of, or decomposable by, rieo- 
tridty, ritiboui^ I had previously been of that 
oph^n (552). When very strong it is a murii 
£wme conducts than if diluted. ^If then sub* 
: the action of a powerful battery, oxy- 


gen ai^rs at the anoefe, or poritive riectrode, 
although much is absorW (728), and hydro- 
gen and sulphur appear at the cathode^ or neg- 
ative electrode. Now the hydrogen has with me 
always been pure, not sulphuretted, and has 
been deficient in proportion to the sulphur pres- 
ent, so that it is evident that when decomposi- 
tion occurred water must have been decom- 
posed. I endeavoured to make the experiment 
with anhydrous sulphuric acid ; and it appeared 
to me that, when fused, such acid was not a 
conductor, nor decomposed; but I had not 
enough pf the dry acid in my possession to al- 
low me to decide the point satisfactorily. My 
belief is, that when sulphur appeari during the 
action of the pile on sulphuric acid, it is the re- 
sult of a secondary action, and that the acid 
itself is not electrolyzable (757). \ 

682. Phosphoric acid is, I believe, ^Iso in the 
same condition; but I have found it impossible 
to decide the point, because of the difficulty of 
operating on fused anhydrous phosphoric acid. 
Phosphoric acid which has once obtained wa- 
ter cannot be deprived of it by heat alone. 
When heated, the hydrated acid volatilizes. 
Upon subjecting phosphoric acid, fused upon 
the ring end of a wire (401), to the action of the 
voltaic apparatus, it conducted, and was de- 
composed; but gas, which I believe to be hy- 
drogen, was always evolved at the negative 
electrode, and the wire was not affected as 
would have happened had phosphorus been sep- 
arated. Gas was also evolved at the positive 
electrode. From all the facts, I conclude it was 
the water and not the acid which was decom- 
posed. 

683. Arsenic acid. This substance conducted, 
and was decomposed; but it contained water, 
and I was unable at the time to press the in- 
vestigation so as to ascertain whether a fusible 
anhydrous arsenic acid could be obtained. It 
forms, therefore, at present no exception to the 
general result.. 

684. Nitrous arid, obtained by distilling ni- 
trate of lead, and keeping it in contact with 
strong sulphuric acid, was found to conduct 
and decompose slowly. But on examination 
there werestrong reasons for believing that wa- 
ter was present, and that the decomposition 
and conduction depended upon it. I endeav- 
oured to prepare a perfectly anhydrous por- 
tion, but could not spare tiie time required to 
procure an unexceptionable result. 

685. Nitric acid is a substance which I 
lieve is not decomposed directly by the riectiie 
Gunwt. As I want the facts in fflustiatiim of 
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the distmctioQ existing between prixnary tsid 
secondary decomposition, I will merely refer to 
them in this place (752). 

686. That these mineral adds should confer 
facility of conduction and decomposition on 
water, is no proof that they are competent to 
favour and suffer these actions in themselves. 
Boracic acid does the same thing, though not 
decomposable. M. de la Rive has pointed out 
that chlorine has this power also; but being to 
us an elementary substance, it cannot be due 
to its capability of suffering decomposition. 

687. Chloride of mVphur does not conduct, nor 
is it decomposed. It consists of single propor- 
tionals of its elements, but is not on that ac- 
count an exception to the rule (679), which 
does not affirm that all compounds of single 
proportionals of elements are decomposable, 
but that such as are decomposable are so con- 
stituted. 

688. Protochloride of phosphorus does not con- 
duct nor become decomposed. 

689. Protochloride of carbon does not conduct 
nor suffer decomposition. In association \rith 
this substance, I submitted the hydro-chloride 
of carbon from olefiant gas and chlorine to the 
action of the electric current; but it also refused 
to conduct or yield up its elements. 

690. With regard to the exceptions (679), up- 
on closer examination some of them disappear. 
Chloride of antimony (a compound of one pro- 
portional of antimony and one and a half of 
chlorine) of recent preparation was put into a 
tube (PI. VI, Fig, 13) (789), and submitted 
when fused to the action of the current, the 
positive electrode being of plumbago. No elec- 
tricity passed, and no appearance of decompo- 
sition was visible at first; but when the posi- 
tive and negative electrodes were brought very 
near each other in the chloride, then a feeble 
action occurred and a feeble current passed* 
The effect altogether was so small (although 
quite amenable to the law before given [394]), 
and so unlike the decomposition and conduc- 
tion occurring in all the other cases, that I at- 
tribute it to the presence of a minute quantity 
of water (for which this and many other chlor- 
ides have strong attractions, producing hy- 
drated chlorides), or perhaps of a true prot^ 
ddoride consisting of single proportionals (695, 
796). 

691. P&riodide of mercury being examined in 

flie same manner, was found most distinctly to 
insulate whilst solid, but conduct when fluids 
acix>rding to tihelaw of liqmd(H»nduction (402) ; 
but was no appwance of deoompotition. 


No iodine appeared at the anode, nor hraeury 
or other sutetance at the cathode. The ease is, 
therefore, no exception to the rule, that only 
compounds of single proportionals are decom- 
posable; but it is an exception, and I think the 
only one, to the statement, that all bodi^ sub- 
ject to the law of liquido-oonduction are der 
composable. I incline, however, to believe that 
a portion of protiodide of mercury is retained 
dissolved in the periodide, and that to its slow 
decomposition the feeble conducting power is 
due. Periodide would be formed, as a second- 
ary result, at the anode; and the mercury at 
the cathode would also form, as a secondary rsh 
suit, protiodide. Both these bodies would min- 
gle with the fluid mass, and thus no final sepa- 
ration appear, notwithstanding the continued 
decomposition. 

692. When perdhloride of mercury was sub- 
jected to the voltaic current, it did not conduct 
in the solid state, but it did conduct when fluid. 
I think, also, that in the latter case it was de- 
composed; but there are many interfering 
cumstances which require examination before 
a positive conclusion can be drawn.^ 

693. When the ordinary protoxide of anti- 
mony is subjected to the voltaic current in a 
fused state, it also is decomposed, although the 
effect from other causes soon ceases (402, 801)w 
This oxide consists of one proportional of anti- 
mony and one and a half of oxygen, and is 
therefore an exception to the general law as- 
sumed. But in working with this oxide and the 
chloride, I observed facts which lead me to 
doubt whether t^e compounds usually called 
the protoxide and the protochloride do not 
often contain other compounds, consisting of 
single proportions, which are the true proto 
compounds, and which, in the case of tbe ox*^ 
ide, might give rise to the decomposition above 
described. 

694. The ordinary sulphuret of antimony is 
considered as being the compound with the 
smallest quantity of sulphur, and analogous in 
its proportions to the ordinary protoxide. Bat 
I fi^ that if it be f used with met^c antimoniy f 
a new sulphuret is formed, containing mudi 
more of the metal than the former, and sepak 
rating distinctiy, when fused, both from/^to 
pure metal on ^ one hand, and the 

gray sulphuret on the other. In somexoili^^ 
periments, the metal thus taken up by 0 ^ 

diqary sulphuret of antimony was eqi^ 
tiie proportion of that previously in the sn!^ 

a With il«ard to perofaloride and 
emy, see now 1340, 1341.— Bac. 1838. ... 




ieotasM ' 

Wbeab this new sulphuiiBt was di^ 
lir nsnm^ acid, althou^ a littiie antimony 
atipatwM, yet it appear^ to me that a lane 
paotochloride, consisting of ringU proportion* 
als, was formal and from that by alkalies, 
a true protoxide, consisting also of single pro- 
Ixartionals, was obtainable. But 1 could not stop 
to asrcertain this matter strictly by analysis. 

6d6. 1 believe, however, that there is such an 
oxide; that it is often present in variable pro- 
portions in what is commonly called protoxide, 
tlnwwmg uncertainty upon the results of its 
analysis, and causing the electrol 3 rtic decom- 
position above deseribed.^ 

607. Upon the whole, it appears probable 
•^^that all those binary compounds of elementary 
bodies which are capable of being electrolysed 
fluid, but not whilst sohd, according to 
the law of liquido-eonduction (394), consist of 
angle propoilionals of their elementary pnn- 
eiples: and it may be because of their depar- 
ture from this simplicity of composition, that 
boracic acid, ammonia, perchlorides, perio- 
dides, and many other direct compounds of 
elements, are indecomposable. 

' 6^ 'V^th regard to salts and combinations 
of compound bodies, the same simple relation 
does not appear to hold good. I could not de- 
cide this by bisulphates of the alksdies, for as 
long as the second proportion of acid remained, 
water was retain^ wiHi it. The fused salts 
conducted, and were decomposed; but hydro- 
gau always appeared at the negative electrode. 

699^A bi^osphate ofsoda was pr^ared by 
heatinlg, and ultimately fusing, the ammoma- 
fihoGp^te of soda. In this case the fused bisalt 
eon^oted, and was decomposed; but a little 
gas< appealed at the negative dectrode; and 
&ough 1 believe the salt itself was dectrolyzed, 
£ am not quite satisfied that wato was en- 
iMy absents 

; TDOfiTbsn a biborate of soda was pr^ared; 
tUs, I think, is an uUobjeciionable case. 
sa3^ whmi fused, conducted, and was de- 
Odnposed, andgas appeared at bothetectrodes: 
eras when tbs boradc acid was increased to 
Ih^piopdrtioiiiAsr t^ same effect took j^ce. 
AifOL flcnoe thisclaas^c^ compound comMna- 
not setm to be subject to the same 

^ V ^^xelaticni to this aaid the three preoedink psra^ 

. .mphsp sad also 801, see Berselius s oorrectlon of 
mnsffciSre of suppoeedikaw sulphuret and oxide, 
Mao., 1838, VTVIII. 476: and for iheprob- 
spfcs Snmuiatfott of tlie effeeto obtained with the 
Iplrotcnade, lefer to 1340, 1341.--i>M. 1888. 


Mmple kw as the Icainier 
binatkms. WJsmtiierwe may find reason to cm^ 
aider them as mere solutions of the compound 
of tingle proportionals in the excess of acid, is 
a matter wltich, with some apparent excep- 
tions oocuning amongst the sulphurets, must 
be left for decision by future examination. 

702. In any investigation of those points, 
great care must be taken to exclude water; for 
if present, secondary effects are so frequently 
produced as often seemingly to indicate an 
electro-decomposition of substances, when no 
true respl^of the kind has occurred (1142, Ac.). 

703. It IS evident that all the caset in which 
decomposition does not occur, may de^nd upon 
the want of conduction (677, 413); put that 
does not at all lessen the interest exbitcd by 
seeing the great difference of effect due to a 
change, not in the nature of the elements, but 
merely in their proportions; especially in any 
attempt which may be made to elucidate and 
expound the beautiful theory put forth by Sir 
Humphry Davy,® and illustrated by BerzeUus 
and other eminent philosophers, that ordinary 
chemical affinity is a mere result of the elec- 
trical attractions of the particles of matter. 


if V. On a New Measurer of VoltoreleclricUy 
764. I have already said, when engaged in 
reducing common and voltaic electricity to one 
standard of measurement (377) , and again when 
introducing my theory of electro-chemical de- 
composition (504, 505, 510), that the chemical 
decomposing action of a current is constant for 
a constant quantity of electricity, notwithstai^- 
ing the greatest variations in its sources, in its 
intentity, in the size of the electrodes used, in 
the nature of the conductors (or non-conductors 
[307]) through which it is passed, or in otiier 
circumstances. The conclusive proofs of the 
truth of these statements shall be given almost 
immediately (783, dse.). 

705. 1 endeavou^d upon this law to construct 
an instrument which i^ould measure out the 
tiectncity passing tiiioug^ it, and which, being 
interposed in the course of l^e current used in 
any particular expcariment, should serveat prfstiuEh 
ure, eitiieras a oorn^aJtire stmdard^i 
orasapesi^iaeosurcrof thbsiibtfie > 
706. There is no substance bettor fitt^; nn^ 
der ordinary circumstances, to be the indieftt^ 
mg body in such an instrument than wator; for 
it is decomposed witii fadbly^ when rendemdk 
better eon^etdr tiie addition of atids ns 






m mxajmisA l^A^ 
otj^oed EQxleoBeetecl vitboutfliiy 
me&t' from seoond&ry Actioiii, and^ bebg. gas^ 
eoiiB) tiioy are in tiie best physical condition 
for separati(»c and measurement. Water, there*- 
fore, acidulated by sulphuric acid, is the sub- 
stance I shall gently refer to, although it 
may become expedient in peculiar cases or 
forms of experiment to use other bodies (848). 

707. The first precaution needful in the con- 
struction of the instrument was to avoid the 
recombination of tiixe evolved gases, an dBEect 
wMch the positive electrode has been found so 
capable of producing (571). For this purpose 
various forms of decomposing apparatus were 
used. The first consisted of straight tubes, each 
containing a plate and wire of platina soldered 
together by gold, and fixed hermetically in the 
gl^ at the closed extremity of the tube (PI. 
VI, Fig. S). The tubes were about eight inch^ 
long, 0.7 ol an inch in diameter, and graduated. 
The platina plates were about an inch long, as 
wide as the tubes would permit, and adjusted 
as near to the mouths of the tubes as was con- 
sistent with the safe collection of the gases 
evolved. In certain cases, where it was required 
to evolve the elements upon as small a surface 
as possible, the metallic extremity, instead of 
being a plate, consisted of the wire bent into 
the form of a ring (PL VI, Fig. 6). When these 
tubes were used as measurers, they were filled 
with the dilute sulphuric acid, inverted in a 
basin of the same liquid (PL VI, Fig. 7), and 
placed in an inclined position , with their mouths 
near to each other, that as little decomposing 
matter ^ould intervene as possible; and also, 
in such a direction that ^e platina plates 
should be in vertical planes (720). 

j708. Another form of apparatus is that de- 
lineated (PL VI, Fig. 8). The tube is bent in 
tile middle; one end is closed; in that end is 
Med a wire and plate, a, proceeding so f«ur 
^wniTardfi, that, when in the position figured, 
be as near to the angle as possiUe, con- 
sistently with the odlection, at the clos^ ex- 
tif^ity 6f the tube, ail the gas evolved 
agtimit it. The plane of this plate is also per- 
pendicular (720). The other metaQic terminal 
tibn, 6, is inkoduced at the time decomposi- 
tion is to be eff eeted, b(^ brou^ as hear the 
angle as poahbie^ without causing any gas to 
pass from it towards the closed end of the in- 
The gas evoivedagimigt it kallowed 
toNBioape; • ■ 

thiid Isim hf a ecmtah^ 

hath inline tid)er the 


of ^ hbetaieity, aiid 

consequent decomposition, is far mote*^i:a#l 
than in the sepiuate ttdbea. Theresultii^^is 
the mm of the portions evolved at the twh 
electFCKle8,>ahd the instrument is better ada^i^ 
than eitb^ of the former as a measurer oflti^ 
quantity of voltaic electricity transmitted Ih 
ordinary cases. It consists of a straight tihe 
(PL VI, Fig. 9)f closed at the upper extremity^ 
and graduated, throu^di the sides of ;wlu^ 
para platixm wires (b^g fused into the glms), 
which are connect^ with two plates withkil 
The tube is fitted by grinding into one mouth 
of a double-necked bottle. If the latter ho ona* 
half or two-thirds full of the dilute sulphtme 
acid (706), it will, upon inclination the 
whole, fiow into the tube and fill it. When 
an electric current is passed through the in- 
strument, the gases evolved against the plaW 
collect in the upper portion of the tube, and 
are not subject to the recombining power 
the platina. 

710. Another form of the instrument is given 
at PL VI, 

711. A fifth form is delineated (PL VI, Fig* 
11). This I have found exceedingly useful in 
experiments continued in Buccesrion for days 
together, and where large quantities of indicat- 
ing gas were to be collected. It is fixed on a 
weighted foot, and has the form of a small^w- 
tort contsining the two electrodes: the neck is 
narrow, and saffidently long to deliver gas is- 
suing from it into a jar plac^ in a smali pneu- 
matic trough. The electrode chamber, sealed 
hermetically at the part held in the stand, is 
five inches in length, and 0.6 of an indi in 

eter ; the neck ateut nine inches in length, and 
0.4 of an inch in diameter intema&y^ The %- 
ure will fully indicate the cemstrudion. 

712. It can baldly be requimte to rwnaik^ 

that ia the arrangement of any of tiiese i&mA 
of apparatus, th^, and the wires conneoti^ 
them with the substance, which is collateiaily 
subjected to the action of the same eledmb 
current^ shonid be so far insidated as to ensin^ 
a certainty ^t ail the dectridty which gmum 
throu^ the one shall' also be transuu^ltk^ 
throu^ the other. ^ ' 

713. Next, to tibe pneautiim of (x^ecl&igaB 
gaaws, if mitigled, out of contact with thofibiA* 
inuai, was the necessity of testing thehorei'ig 

.ieOnlytie action, up<m water’ai hee^ 
tmder-aH lratleiti<iB of craditioa; 
eonidct^ Of its o^itainty, 
tainedhki»wleiilte<rfthoBei ntofe t ia | g 4toBn* 
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etcmbea wfaioh would require to be pradioaUy 
guarded against. 

714. The first point investigated was the in^ 
fluence <»: indifference of extensive variations 
in the size of the electrodes, for whidx purpose 
instruments like those last described (700, 710, 
711} were used. One of tiiese had plates 0.7 of 
an inch wide, and nearly four inches long; an- 
other had plates only 0.5 of an inch wide, and 
0.8 of an inch long; a third had wires 0.02 of an 
inch in diameter, and three inches long; and a 
fourth, similar wires only half an inch in length. 
¥et when these were filled with dilute sulphur- 
ic acid, and, being placed in succession, had one 
common current of electricity passed through 
them, very nearly the same quantity of gas was 
evolv^ in all. The difference was sometimes 

4n favour of one and sometimes on the side of 
another; but the general result was that the 
largest quantity of gases was evolved at the 
smallest electrodes, namely, those consisting 
merely of platina wires. 

715. Experiments of a similar kind were made 
with the single-plate, straight tubes (707), and 
also with the curved tubes (708), with similar 
consequences; and when these, with the for- 
mer tubes, were arranged together in various 
ways, the result, as to &e equality of action of 
large and small metallic surfaces when deliver- 
ing and receiving the same current of electric- 
ity, was constantly the same. As an illustra- 
tion, the following numbers are given. An in- 
strument with two wires evolved 74.3 volumes 
of mixed gases; another with plates 73.25 vol- 
umes; whilst the sum of the oxygen and hydro- 
gem in two separate tubes amounted to 73.65 
volumes. In another experiment the volumes 
w^ 55.3, 55.3, and 54.4. 

716. But it was observed in these experi- 
inents, that in single-plate tubes (707) more 
hydrogen was evolved at the negative electrode 
than was proportionate to the oxygen at the 
positive electrode; and, generally, also, more 
than was proportionate to the oxygen and hy- 
drogen in a double-plate tube. Upon more mi- 
nutdy examining these effects, I was led to re- 
fer them, and also the differences between wires 
and plat^ (714), to the solubility of the gases 
evolved, eepedally at the positive elective. 

., :717* WIm the positive and negative etec- 
tiocto ere equal in surface, the bubbles which 
|ise frotn tkm in dilute sulihuric acid are al- 
ways differeut in character. Tl^ose from the 
pqi^ve plate arO exeeedin^y small, and sep- 
from every part of the surface 
jfifiemrtel, m ccmsequeim 


tineas (633); whilst in the liquid they give it a 
hazy appearance, from their number and mi- 
nuteness; are easily carried down by currents, 
and therefore not only present far greater sur- 
face of contact with the liquid than larger bub- 
bles would do, but are retained a much longer 
time in mixture with it. But the bubbles at the 
negative surface, though they constitute twice 
the volume of the gas at the positive electiode, 
are nevertheless very inferior in number. They 
do not rise so universally from every part of 
the surface, but seem to be evolved at different 
points; and though so much larger, they appear 
to cling to the metal, separating with difficulty 
from it, and when separated, instantiy rising 
to the top of the liquid. If, therefore! oxygen 
and hydrogen had equal solubility in, pr pow- 
ers of combining with, water under siimlar cir- 
cumstances, still under the present conditions 
the oxygen would be far the most liable' to so- 
lution; but when to these is added its well- 
known power of forming a compound with wa- 
ter, it is no longer surprising that such a com- 
pound should be produced in small quantities 
at the positive electrode ; and indeed the bleach- 
ing power which some philosophers have ob- 
served in a solution at this electrode, when 
chlorine and similar bodies have been cariefully 
excluded, is probably due to the formation 
there, in this manner, of oxy-water. 

718. That more gas was collected from the 
wires than from the plates, I attribute to the 
circumstance, that as equal quantities were 
evolved in equal times, the bubbles at the wires 
having been more rapidly produced, in relation 
to any part of the surface, must have been much 
larger; have been therefore in contact with the 
fluid by a much smaller surface, and for a much 
shorter time than those at the plates; hence less 
solution and a greater amount collected. 

719. There was also another effect produce^ 
especially by the use of large electrodes, whi. m 
was both a consequence and a proof of the ^ 
lution of part of the gas evolved there. Tne 
collected gas, when examined, was found to 
contain small portions of nitrogen. This I at- 
tribute to the presence of air dissolved in the 
acid used for decomposition. It is a well-known 
fact, that when bubbles of a gas but slightly 
soluble in wato or solutions pass through them, 
the portion of this gas which is dissolved dis- 
place a portion of tirnt previoutiy in union 
with the tiquid: and so, in the decompositions 
under consideration, as the oxygen dissolves, 
it displaces a part of the air, or at least of the 
nitrogen, previously united to the Jsdd; and 
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this eff ject takes pboe mod with 

lai^e plates, because the gas evolved at them 
is in the moirt favourable condition for sdution. 

720. With the intention of avoiding this sol- 
ubility of the gases as much as possible, 1 ar- 
ranged the decomposing plates in a vertical 
pointion (707, 708), that the bubbles might 
quickly escape upwards, and that the down- 
ward currente in the fluid should not meet as- 
cending currents of gas. This precaution I found 
to assist greatly in producing constant results, 
and especially in experiments to be hereafter 
referred to, in which other liquids than dilute 
sulphuric acid, as for instance solution of pot- 
ash, were used. 

721. The irregularities in the indications of 
the measurer proposed, arising from the solu- 
bility just referred to, are but small, and may 
be very nearly corrected by comparing the re- 
sults of two or three experiments. They may 
also be almost entirely avoided by selecting 
that solution which is found to favour them in 
the least degree (728) ; and still further by col- 
lecting the hydrogen only, and using that as 
the indicating gas; for being much less soluble 
than oxygen, being evolved with twice the ra- 
pidity and in larger bubbles (717), it can be 
collected more perfectly and in greater purity. 

722. From the foregoing and many other ex- 
periments, it results that variation in the size of 
the electrode causes no variation in the chemical 
action of a given quantUy of electricity upon water, 

723. The next point in regard to which the 
principle of constant electro-chemical action 
was tested, was variation of intensity. In the 
first place, the preceding experiments were re- 
peat^, using batteries of an equal number of 
plates, strongly and weakly charged; but the re- 
sults were alike. They were then r^)eated, us- 
ing batteries sometimes containing forty, and 
at other times only five pairs of plates ; but the 
results were still the same. Variations therefore 
in the intensity, caused by difference in the 
strength of eh^ge, or in the number of alter- 
nations usedt produced no difference as to ^ 
equal acHon of large and smaU etectrodes, 

724. Still these results did not prove that 
variation in the intensity of the current was 
not accompanied by a corresponding variation 
in the eleotro-dimical effects, since the actions 
at aU the smtao&s mi^t have increased or di- 
minished, together. The deficiency in the evi- 
dence is, however,; eompletdiy supplied by the 
foim^ experiments on differm^sed dec- 
tiodes; fer with variationin thasise of these, , a 


variatiim ip thedntenslty nmst have oocuned. 
The intensity oi an deotric current traversing 
eonduetOFS alike in their nature, quality^ mi 
length, is probably as the quantity of dectrio- 
ity passing through a given sectional area per- 
pendicular to the current, divided by the tkne 
060, note); and therefore when plates 
were contrasted with wires separate by an 
equal length of the same decomposing conduc- 
tor (714), whibt one current of electricity pass- 
ed through both arrangements, that deetridiy 
must have been in a very different state, as to 
tension, between the plates and between the 
wires; yet the chemical results were the same. 

725. The difference in intensity, qnder the 
circumstances described, may be easily shown 
practically, by arranging two decomposing ap- 
paratus as in PI. VI, Fig. IS where the same 
fluid is subjected to the decompodng power of 
the same current of electiicity, passing in the 
vessd A between large piatina plates, and in 
the vessel B between small wires. If a third de- 
composing apparatus, such as that delineated 
PL VI, Fig, It (711), be connected with the 
wires at a h, PI. VI, Fig. 12, it will serve suflSr 
ciently well, by the degree of decomposition 
occurring in it, to indicate the relative state 
of the two plat^ as to intensity; and if it then 
be applied in the same way, as a test of the 
state of the wires at a' V, it will, by the in- 
crease of decomposition within, show how 
much greater the intensity is there than at 
the former points. The connexions of P and N 
with the voltaic battery are of course to be 
continued during the whole time. 

726. A third form of experiment, in which dif- 
fer^ce of intensity was obtained, for the pu]> 
pose of testing the principle of equal chemical 
action, was to arrange three volta-dectrom- 
eters, so that after eleoteiG current had 
pass^ through one, it should divide into two 
parts, each of wMch should traverse one of the 
remaining instruments,, and should then re- 
unite. The sum of the decomposition in the two 
latter vessels was always equal to the decom- 
position in the former vessel. But the isdenml^ 
of the divided current could not be the eaxmm 
that it had in its original state; and ttereSoce 
variaHon of irdensity has no influence on the 
suits if the quantity of dedtricity remain tke edm? 
The experiment, in fact, resolves 

into an increase in the sine of the denttem 
(725). 

727. The Mrdpiml, in lespec^ te 
ptindple of eqiud eleetixHdxei^d^ aolfaniina 
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In oitdstixi rendei^ the mter ia 
loQttdu^ilxitijSiilphuric acidixad b^ added it 
-QtOSOi and^it did not se^ unlikely that tibiie 
aubateoioe^ with many others, might render the 
iwat^ more subject to decomposition, the elec- 
reixkm^ the same in quantity. But 
web did not prove to be the case. Diluted sul- 
phuric acid, of different strengths, was intros 
'duced into different decomposing apparatus, 
and submitted simultaneously to the action of 
the same electric current (714). Slight differ- 
ences occurred, as before, sometimes in one di- 
rection, sometimes in another; but the final re- 
sult was, that exactly the same quantity of water 
mta decomposed in aU the sohdions by the same 
fuarMy of eketrieity^ though the sulphuric acid 
wsome was seventy-fold what it was in others. 
/Xhe strengths used were of specific gravity 
1;495, and downwards. 

' 728. When an acid having a specific gravity 
of about 1.336 was employ^, the results were 
most uniform, and the oxygen and hydrogen 
<716) most constantly in the right proportion 
46 each other. Such an acid gave more gas than 
one much weak^ acted upon by the same cur- 
rent, apparendy because it had less solvent 
pow^. If the add were very strong, then a re- 
markable disappearance of oxygen took place; 
thus; one made by mixing two measures of 
sitting oil of vitriol with one of water, gave for- 
ty-two volumes of hydrogen, but only twelve 
clioxygen. The hydrogen was very nearly the 
name with that evolv^ from add of the spe- 
cific gravity 1.232. 1 have not yet had time to 
Examine mihutdy the, circumstahoes attending 
dm dtsaj^earabce of the oxygen in this case, 
but imagine it is due to the formation of oxy- 
Witer,’ which Th4nard has shown is favoured 
%(d^e presence of acid. 

^ Altibough not necessary for the praeti- 
6fi3 use of^ihe instrumwt I am describing; yet 
an connected with the important point of con- 
jrtn&i*.efactro^chemical action upon water, I 
asm. imreBtigated the effects pr^uced by an 
eMsric eurrent passing through aqueous solu- 
tiasBs of acids, skits, and compounds, exceed- 
iM emit eadi other in their nature, 

foufid timm tqij^d aatomshmgly imiform 
But many of them which are connect 
ia action will be more use- 

described hen^ter (778). 

1^;! When soltttiona of caustic potassa or 
|iMK'#;nidphate of or sulphdeey 

up0n%'t{&^deetiic cuitedtr 


just as much oxygen and hydrogen 'was evol%M 
from them as bm the diluted sulphuric acid, 
with which they were compared. When a ^d- 
lution of ammonia, rendered a better conduct- 
or by sulphate of ammonia (554), or a solution 
of subcarbonate of potassa was experimented 
with, the hydroqen evolved was in the same 
quantity as that set free from the diluted sul- 
phuric acid with which they were compared. 
Hence changes in the nature of the holntidn do 
not alter the constancy of electrolytic atdkm upon 
water. 

731. I have already said, respecting large 
and small electrodes, that changelof order 
caused no change in the general eff^t (715). 
The same was the case with different elutions, 
or with different intensities; and homver the 
circumstances of an experiment' might be va- 
ried, the results came forth exceedingly\:onsi8t- 
ent, and proved that the electro-chemical ac- 
tion was still the same. 

732. 1 consider the foregoing investigation as 
sufficient to prove the very extraordinary and 
important principle with respect to watjjk, 
that when subjected to the influence of the electric 
current^ a quantity of it is decomposed exactly 
proportionate to the quantity of el^ricUy which 
has passed, notwithstanding the thousand vari- 
ations in the conditions and circumstances un- 
der which it may at the time be placed; and 
further, that when the interference of certain 
secondary effects (742, &c.), together with the 
solution or recombination of the gas and the 
evolution of air, are guarded against, the prod- 
ucts of the decomposition may be collected with 
such accuracy, as to afford a very excellent and 
valuable measurer of the electricity concerned in 
their evolution. 

733. The forms of instrument which I have 

given, PI. VI, Figs. 9, 10, 11 (709, 710, 711), 
are probaUy those which will be found most 
useful, as they mdioate the quantity of dec- 
trieity by the largest volume of gases, and cause 
the least obstruction to the passage of the cur- 
rent The fluid which by present experience 
leads me to prefer is a solution of sidphuric 
acid of specifiegravity kbout 1.336, or from that 
to 1.25; butitis vety esdentiid that there diould 
beno organic ec^twee, norany v^Ctabie acid, 
nor otiier body, whidi, by bebg tiable to the 
action of Okyged or hydrogen evolved kt 
the electrodes (773, 4bo.), ' shaii diminish thdr 
quantity, b Other ^gasea to^t^^ 

734. In mimy canes ishen the 

used as a oCmporotiss ifieli ii 4 
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producta of that action, namely, their primary 
secondary character; and, if possible, by 
some general rule or principle, to decide when 
they were of the one or the other kind. It will 
appear hereafter that great mistakes respect- 
ing electro-chemical action and its consequences 
have arisen from confounding these two classes 
of results together. 

743. When a substance under decomposition 
yields at the electrodes those bodies uncom- 
bined and unaltered which the electric current 
has separated, then they may be considered as 
primary results, even though themselves com- 
pounds. Thus the oxygen and hydrogen from 
water are primary results; and so also are the 
acid and alkali (themselves compound bodies) 
evolved from sulphate of soda. But when the 
substances separated by the current are changed 
at the electrodes before their appearance, then 
they give rise to secondary results, although in 
many cases the bodies evolved are elementary. 

744. These secondary results occur in two 
ways, being sometimes due to the mutual ac- 
tion of the evolved substance and the matter 
of the electrode, and sometimes to its action 
upon the substances contained in the body it- 
self under decomposition. Thus, when carbon 
is made the positive electrode in dilute sul- 
phuric acid, carbonic oxide and carbonic acid 
occasionally appear there instead of oxygen; 
for the latter, acting upon the matter of the 
electrode, produces these secondary results. Or 
if the positive electrode, in a solution of nitrate 
or acetate of lead, be platina, then peroxide 
of lead appears there, eoually a secondary re- 
sult with the former, but now depending upon 
an action of the oxygen on a substance in the 
solution. Again, when ammonia is decomposed 
by platina electrodes, nitrogen appears at the 

but though an elementary body, it is a 
eecondary result in this case, being derived 
from the chemical action of the oxygen electri- 
<^ly evolved there, upon the ammonia in the 
surrounding solution (554). In the same man- 
ner when aqueous solutions of metallic salts 
are decomposed by the current, the metals 
evolved at the cathode^ though dements, are 
fdwaye secondary results, and not imme^ate 
consequences of the decomposing power of 
the electric current. 

745. Many of these secondary results are ex- 
tr^ely valuable; for instance, all the interest- 
ing compounds which M. Becquerel has ob- 
tatod by feeble electric currents are of this na- 

but they are essentially chemicali and 

1 4$ chimie; 1804, Vd. LI, p. 187. 


must, in the theory of dectrolytic action, be 
carefully distinguished from those which are 
directly due to the action of theelectric currwit. 

746. The nature of the substances evolved 
will often lead to a correct judgement of their 
primary or secondary character, but is not suf- 
ficient alone to establish that point. Thus, ni- 
trogen is said to be attracted sometimes by the 
positive and sometimes by the negative elec- 
trode, according to the bodies with which it 
may be combined (554, 555), and it is on such 
occasions evidently viewed as a primary re- 
sult;* but I think I shall show, thatj, when it 
appears Yif ‘the positive electrode, orj rather at 
the anode f it is a secondary result (743). Thus, 
also. Sir Humphry Davy® and withmim the 
great body of chemical philosophers (including 
myself), have given the appearance on copper, 
lead, tin, silver, gold, &c., at the negative elec- 
trode, when their aqueous solutions were acted 
upon by the voltaic current, as proofs that the 
metals, as a class, were attracted to that sur- 
face; thus assuming the metal, in each case, to 
be a primary result. These, however, I expect 
to prove, are all secondary results; the mere 
consequence of chemical action, and no proofs 
either of the attraction or of the law announced 
respecting their places.^ 

747. But when we take to om* assistance the 
law of constant electro-chemical action already 
proved with regard to water (732), and which 
I hope to extend satisfactorily to all bodies 
(821), and consider the quantities as well as the 
nature of the substances set free, a generally 
accurate judgement of the primary or second- 
ary character of the results may be formed: 
and this important point, so essential to the 
theory of electrolyzation, since it decides what 
are the particles directly under the influence of 
the current, (distinguishing them from such as 
are not affected), and what are the results to 
be expected, may be established with such de- 
gree of certainty as to remove innumerable 
ambiguities and doubtful considerations from 
this branch of the science. 

748. Let us apply these principles to the case 
of ammonia, and the supposed determination 
of nitrogen to one or the other electrode (554, 

t Awwlts de Chimie, 1804, Vol. LI, p. 172. 

• ElemerUa of Chemical Philosophy^ pp. 144, 161. 

4 It is relnarkable that up to 1804 it was the re- 
ceived opinion that the metals were reduced by the 
nascent hydrogen. At that date the general opinion 
was reversed by Hisinger and Berzelius (Annales de 
CfUmie, 1804, VoL LI. p. 174), who stated that the 
metals were evolved directly by the electricity: in 
which opinion it appears, from that time, Davy co- 
incided {PhUosophical Transactions, 1826, p. 388.) 
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555). A pure strong solution of ammonia is as 
bad a conductor, and therefore as little liable 
to electrolyzation, as pure water; but when sul- 
phate of ammonia is dissolved m it, the whole 
becomes a conductor; nitrogen almo%t and oc- 
casionally quite pure is evolved at the anode, 
and hydrogen at the cathade) the ratio of the 
volume of the former to that of the latter vary- 
ing, but being as 1 to about 3 or 4. This result 
would seem at first to imply that the electric 
current had decomposed ammonia, and that 
the nitrogen had been determined towards the 
positive electrode. But when the electricity 
used was measured out by the volta-electrom- 
eter (707, 736), it was found that the hydrogen 
obtained was exactly in the proportion which 
would have been supplied by decomposed wa- 
ter, whilst the nitrogen had no certain or con- 
stant relation whatever. When, upon multi- 
plying experiments, it was found that, by us- 
ing a stronger or weaker solution, or a more or 
less powerful battery, the gas evolved at the 
anode was a mixture of oxygen and nitrogen, 
varying both in proportion and absolute quan- 
tity, whilst the hydrogen at the cathode re- 
mained constant, no doubt could be entertain- 
ed that the nitrogen at the arwde was a second- 
ary result, depending upon the chemical action 
of the nascent oxygen, determined to that sur- 
face by the electric current, upon the ammonia 
in solution. It was the water, therefore, which 
was electrolyzed, not the ammonia. Ihirther, 
the experiment gives no real indication of the 
tendency of the element nitrogen to either one 
electrode or the other; nor do I know of any 
experiment with nitric acid, or other compounds 
of nitrogen, which shows the tendency of this 
element, under the influence of the electric cur- 
rent, to pass in either direction along its course. 

749. As another illustration of secondary re- 
sults, the effects on a solution of acetate of po- 
tassa may be quoted. When a very strong 
solution was us^, more gas was evolved at 
the anode than at the cathode^ in the propor- 
tion of 4 to 3 nearly: that from the anode 
was a mixture of carbonic oxide and carbomc 
acid; that from the cathode pure hydrogen. 
When a much weaker solution was used, less 
gas was evolved at the cmode than at the caOvode ; 
and it now contained earburetted hydit>geii, as 
well as carbonic oxide and carbonic acid. This 
result of earburetted hydrog^ at the positive 
^eotrode has a very anomalous appearance, 
if considered as an immediate consequence of 
the decomposing power of the current. It, how- 
ever, as w^ aa the carbonic made and a!^, is 


only a eecondary resutt; for it is the water alone 
which suffers electro-decomposition, and it is 
the oxygen eliminated at the anode whidi, re- 
acting on the acetic acid, in the midst of 
which it is evolved, produces those substances 
that finally appear there. This is fully proved 
by experiments with the volta-electrometer 
(707) ; for then the hydrogen evolved from the 
acetate at the cathode is always found to be 
definite, being exactly proportionate to the 
electricity which has passed through the solu- 
tion, and, in quantity, the same as the hydro- 
gen evolved in the volta-electrometer itself. 
The appearance of the carbon in combination 
with the hydrogen at the positive electrode, 
and its non-appearance at the negative elec- 
trode, are in curious contrast with the results 
which might have been expected from the law 
usually accepted respecting the final places of 
the elements. 

750. If the salt in solution be an acetate of 
lead, then the results at both electrodes are 
secondary, and cannot be used to estimate or 
express the amount of electro-chemical action, 
except by a circuitous process (843). In place 
of oxygen or even the gases already described 
(749), peroxide of lead now appears at the pos- 
itive, and lead itself at the negative electrode. 
When other metallic solutions are used, con- 
taining, for instance, peroxides, as that of Cop- 
per, combined with this or any other decom- 
posable acid, still more complicated results will 
be obtained; which, viewed as direct results of 
the electro-chemical action, will, in their pro- 
portions, present nothing but confusion, but 
will appear perfectly harmonious and simple if 
they be considered as secondary results, and 
will accord in their proportions with the oxy- 
gen and hydrogen evolved from water by the 
action of a definite quantity of electricity. 

751. 1 have experimented upon many b^ies, 
with a view to determine whether the results 
were primary or secondary. I have been sur- 
prised to find how many of them, in ordinary 
cases, are of the latter class, and how frequent- 
ly water is the only body electrolyzed in in- 
stances where other substances have been su|>^ 
posed to give way. Some of these results I will 
give in as few words as possible. 

752. NUric aaid. When very strong, it e6n* 
ducted well, and yielded oxygen at the posittye 
electrode. No gas appeared at the negative 
electrode; but nitrous add, and ai^rc9:idy 
trie oxide, were formed ttere, which, dig^lv- 
ing, rendered the acid y^ow or red, and at last 
even effervescent, from the spimtoeoue rngior 
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of sitrie o^dde* Upon d&utmg tbe acid 
with its bulk Or more of water, gas appeared at 
the negaUvo electrode. Its quantity could be 
varied by variations, dther in the strength of 
the acid or of the voltaic current: tor that acid 
from which no gas separated at the cathode, 
with a weak voltaic battery, did evolve gas 
there with a stronger; and that battery which 
evolved no gas there with a strong acid, did 
cause its evolution with an acid more dilute. 
The gas at the anode was always oxygen; that 
at the cathode hydrogen. When the quantity of 
products was examined by the volta-electrom- 
eto* (707), the oxygen, whether from strong or 
weak acid, proved to be in the same proportion 
as from water. When the acid was diluted to 
specific gravity 1.24, or less, the hydrogen also 
proved to be the same in quantity as from wa- 
ter. Hence I conclude that the nitric acid does 
not undergo electrolyzation, but the water on- 
ly; that the oxygen at the anode is always a 
primary result, but that the products at the 
cathode are often secondary, and due to the re- 
action of the hydrogen upon the nitric acid. 

753. Nitre. A solution of this salt yields very 
variable results, according as one or other form 
of tubjB is used, or as the electrodes are large or 
small. Sometimes the whole of the hydrogen of 
the water decomposed may be obtained at the 
negative electrode; at other times, only a part 
of it, because of the ready formation of second^ 
ary results. The solution is a very excellent 
conductor of electricity. 

754. Nitrate of ammonia, in aqueous solu- 
tion, gives rise to secondly results very varied 
and uncertain in their proportions. 

755. Sulphurous add. Pure liquid sulphurous 
acid does not conduct nor suffer decomposition 
by the voltaic current,^ but, when dissolved in 
wato:, the solution acquires conducting power, 
and is decomposed, yielding oxygen at the an- 
ode, and hydi^gen and sulphur at the cathode. 

756* A i^ution containing sulphuric acid in 
addition to the sulphurous acid, was a better 
cemduetor. It gave very little gas at either 
tcode: that at the anode was oxygen, that at 
the cMade pa]^^ hydrogen. From the cathode 
hlso rose a white turbid stream, consisting of 
diffused sulphiti^whidhsoon rendered thewhde 
eehitbn milfcy. The vohiines oi gases were in 
XKT regular proportion to the quantities evolved 
, Izom. water in the voltameter. I conclude that 
dasBulphurous add was not at all affected ly 


the dectric cuitent in any of these cases, and 
that the water present was the only body e^ 
tro-chemieally decomposed; that, at the anode, 
the oxygen from the water converted the sul- 
phurous acid into sulphuric add, and, at the 
cathode, the hydrogen electrically evolved de- 
composed the sulphurous acid, combining with 
its oxygen, and setting its sulphur free. I con- 
clude that the sulphur at the negative electrode 
Was only a secondary result; and, in fact, no 
part of it was found combined with the small 
portion of hydrogen which escaped when weak 
solutions ef sulphurous acid were usM. 

757. Sulphuric add. I have already mven my 
reasons for concluding that sulphurs acid is 
not electrolyzable, i.e., not decomp^ble di- 
rectly by the electric current, but occasionally 
suffering by a secondary action at th^caikode 
from the hydrogen evolved there (681)\ln the 
year 1800, Davy considered the sulphur from 
sulphuric acid as the result of the action of the 
nascent hydrogen.^ In 1804, Hisinger and Ber- 
zelius stated that it was the direct result of the 
action of the voltaic pile,* an opinion which from 
that time Davy seems to have adopted, and 
which has since been commonly receive by 
all. The change of my own opinion requires 
that I should correct what I have already said 
of the decomposition of sulphuric acid in a 
former series of these Researches (552): I do 
not now think that the appearance of the sul- 
phur at the negative electrode is an immediate 
consequence of electrolytic action. 

758. Muriatic add. A strong solution gave 
hydrogen at the negative deotrode, and chb- 
rine only at the positive electrode;of the latter, 
a part acted on the platina and a part was dis- 
solved. A minute bubble of gas remained; it 
was not oxygen, but probably air previously 
held in solution. 

759. It was an important matter to deter- 
mine whether the chlorine was a primary re- 
sult, or only a seeemdary product, due to the 
action of the oxygen evolv^ from water at the 
anode upon the muriatic acid; i.e., vdiether the 
muriatic acid was electrolyzable, and if so, 
whether the decomposition was definite. 

760. The muriatio acid was gradually dfiui- 
ed. One part with rix of water gave only chlo- 
rine at the onode. One part with eight of watw 
gave only chlorine; with nine of water, a little 
oxygen appeared with tiie chlorine: but the oo* 
cuirenoe or non-Ojixnuxenoe of oxygen at these 



e also l>e la Rive, Biblioehhgue Univer$eUe, Vol. 
>. 205; or Quartniif journal of Sdenest Vol. 
a,p.407. 


< NithoUon's. Quartodit Joumd^ V<d. XV, pp* 280« 
281 ■ 
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slrengtihs dei^nded, m part, on the strength of 
the voltaic battery used. With fifteen parts of 
waiter, a little oxygen, with much chlorine, was 
evolved at the anode. As the solution was now 
becoming a bad conductor of electricity, sul- 
phuric acid was added to it: this caused more 
ready decomposition, but did not sensibly al- 
ter the proportion of chlorine and oxygen. 

761. The muriatic acid was now diluted with 
100 times its volume of dilute sulphuric acid. 
It still gave a large proportion of chlorine at 
the anode, mingled with oxygen; and the result 
was the same, whether a voltaic battery of 40 
pairs of plat^ or one containing only 5 pairs 
were used. With acid of this strength, the oxy- 
gen evolved at the anode was to the hydrogen 
at the cathode, in volume, as 17 is to 64; and 
therefore the chlorine would have been 30 vol- 
umes, had it not been dissolved by the fluid. 

762. Next with i-espect to the quantity of el- 
ements evolved. On using the volta-electrom- 
eter, it was found that, whether the strongest 
or the weakest muriatic acid were used, wheth- 
er chlorine alone or chlorine mingled with oxy- 
gen appeared at the anode, still the hydrogen 
evolved at the cathode was a constant quantity, 
i.e., exactly the same as the hydrogen which 
the same quantity of electricity could evolve 
from water. 

763. This constancy does not decide whether 
the muriatic acid is electrolyzed or not, al- 
though it proves that, if so, it must be in defi- 
nite proportions to the quantity of electricity 
used. Other considerations may, however, be 
allowed to decide the point. The analogy be- 
tween chlorine and oxygen, in their relations to 
hydrogen, is so strong, as to lead almost to the 
certainty that, when combined with that ele- 
ment, they would perform sinular parts in the 
process of electro-decomposition. They both 
unite with it in single proportional or equiva- 
lent quantities; and the number of proportion- 
als appearing to have an intimate and impor- 
tant relation to the decom^sability of a body 
(697), those in muriatic acid, as wril as in wa- 
ter, are the most favourable, or those perhaps 
even necesswy, to decomposition. In other bi- 
nary compounds of chlorine also, where nothing 
equivocal depending on the simultaneous pr^ 
ence of it and oxygen is involved, the chlorine 
is directly eliminated at the anode by the 
trie current. Such is the case with the chloride 
of lecul (396), which may be justly compared 
with pratoxide of lead (402), and stands in the 
samsi :^tion to it as muriatic acid to water. 
The ddbri^ potasumm aodiuim bariumt 


Ac., are in the same relation to the protoxides of 
the same metals' and present the same resets 
under the influence of the electric current (402). 

764. From all the experiments, combined 
with these considerations, I conclude that muri- 
atic acid is decomposed by the direct influence 
of the electric current, and that the quantities 
evolved are, and therdore the chemical action 
is, definite for a definite quantity of dectricity. 
For though I have not collected and measured 
the chlorine, in its separate state, at the anode 
there can exist no doubt as to its being propor- 
tional to the hydrogen at the cathode] and the 
results are therefore sufficient to establish the 
general law of constant eledro-chemical action in 
the case of muriatic acid. 

765. In the dilute acid (761), I conclude that 
a part of the water is electro-chemically de- 
composed, giving origin to the oxygen, which 
appears mingled with the chlorine at the anode. 
The oxygen may be viewed as a secondary re- 
sult; but I incline to believe that it is not so; 
for, if it were, it might be expected in largest 
proportion from the stronger acid, whereas the 
reverse is the fact. This consideration, with 
others, also leads me to conclude that muriatic 
acid is more easily decomposed by the electric 
current than water; since, even when diluted 
with eight or nine times its quantity of the lat- 
ter fluid, it alone gives way, the water remain- 
ing unaffected. 

l^b.Chlorides. On using solutions of chlorides 
in water — for instance, the chlorides of so- 
dium or calcium — ^there was evolution of chlo- 
rine only at the positive electrode, and of hy- 
drogen, with the oxide of the base, as soda or 
lime, at the negative electrode. The process of 
decomposition may be viewed as proceeding in 
two or three ways, all terminating in the same 
results. Perhaps the simplest is to consider the 
chloride as the substance electrolyzed, its chlo- 
rine being determined to and evolved at the anr 
ode, and its metal passing to the cathode, where, 
finding no more chlorine, it acts upon the wa- 
ter, producing hydrogen and an oxide as see^ 
ondary results. As the discussion would detain 
me from more important matter, and is not 
immediate consequence, I shall defer it for tiae 
present. It is, however, of great consequence Jto 
state, that, on using the volta-eleottomete, 
the hydrogen in both cases was definite; 
the resdts do not prove the de&nte d^is^ 
sition of cWorides (which shall be proved 
where, 780, 704, 814), they are not in the slight- 
est deghse opposed to such a conclusion, and 
do support tiie general bm. :v 
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767. HyModk acUL A solution of hydriodic 
aeid was affected exactly in the same manner 
as muriatic add. When strong, hydrogen was 
evolved at the negative electrode, in definite 
proportion to the quantity of electricity which 
had passed, i.e., in the same proportion as was 
evolved by the same current from water; and 
iodine without any oxygen was evolved at the 
positive electrode. But when diluted, small 
quantities of oxygen appeared with the iodine 
at tbe anode, the proportion of hydrogen at the 
cathode remaining tmdisturbed. 

768. 1 believe the decomposition of the hy- 
driodic acid in this case to be direct, for the 
reasons already given respecting muriatic acid 
(763, 764). 

769. Iodides, A solution of iodide of potas- 
sium being subjected to the voltaic current, 
iodine appeared at the positive electrode (with- 
out any oxygen), and hydrogen with free alkali 
at the negative electrode. The same observa- 
tions as to the mode of decomposition are ap- 
plicable here as were made in relation to the 
chlorides when in solution (766). 

770. Hydro-fluoric add and fluorides. Solu- 
tion of hydrofluoric acid did not appear to be 
decomposed under the influence of the electric 
current: it was the water which gave way ap- 
parently. The fused fluorides were electrolysed 
(417); but having during these actions ob- 
tain^ fluorine in the separate state, 1 think it 
better to refer to a future series of these Re- 
searches, in which I purpose giving a fuller ac- 
count of the results than would be consistent 
with propriety here.^ 

771. Hydro-cyanic add in solution conducts 
very badly. The definite proportion of hydro- 
gen (equal to that from water) was set free at 
the ca^dCf whilst at the anoefe a small quan- 
tity of oxygen was evolved and apparently a 
solution of cyanogen formed. The action alto- 
gether corresponded with that on a dilute mu- 
riatic or hydriodic acid. When the hydro-cyan- 
ic acid was made a better conductor by sul- 
phuric acid, the same results occurred. 

Cyanides, With a solution of the cyanide of 
potassium, the result was precisely the same as 
witha chloride or iodide. No oxygen was evolved 
at the poritive electrode, but a brown solution 
formed there. For the reasons given when speak- 
ing of the chlorides (766), and because a fused 
cyanide of potassium evolves cyanogen at the 

1 1 have not obtained fluonne: my expectations, 
amountlmc to oonTietion, passed away one by one 
.WIMUusutilected to rigorous examination; some very 
elaimr results wm obtak^; and to one of these 1 
SMiair at 1S88. 
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positive dectrode,^ I incline to believe that the 
cyanide in solution is dir&sdy decomposed. 

772. Ferro-cyanic add and thoferro-cyanides, 
as also sulpho-cyanic add and the stdpho-cyor 
nides, presented results corresponding with 
those just described (771). 

773. Acetic add. Glacial acetic acid, when 
fused (405), is not decomposed by, nor does it 
conduct, electricity. On adding a little water to 
it, still there were no signs of action; on adding 
more water, it acted slowly and about as pure 
water would do. Dilute sulphuric acid was 
added to it jn order to make it a better conduc- 
tor; then fee definite proportion of hydrogen 
was evolved at the cathode^ and a mixture of 
oxygen in very deficient quantity, with car- 
bonic acid, and a little carbonic oxida at the 
anade. Hence it appears that acetic acid is not 
electrolyzable, but that a portion of it^ is de- 
composed by the oxygen evolved at the anode, 
producing secondary results, varying with the 
strength of the acid, the intensity of the cur- 
rent, and other circumstances. 

774. Acetates, One of these has been referred 
to already, as affording only secondary results 
relative to the acetic acid (749). With many of 
the metallic acetates the results at both elec- 
trodes are secondary (746, 750). 

Acetate of soda fused and anhydrous is di- 
rectly decomposed, being, as I bdieve, a true 
electrolyte, and evolving soda and acetic acid 
at the cathode and anode. These however have 
no sensible duration, but are immediately re- 
solved into other substances; charcoal, sodi- 
uretted hydrogen, &c., being set free at the for- 
mer, and, as far as I could judge under the cir- 
cumstances, acetic acid mingled with carbonic 
oxide, carbonic acid, &c., at the latter. 

775. Tartaric add. Pure solution of tartaric 
acid is almost as bad a conductor as pure war 
ter. On adding sulphuric acid, it conducted 
well, the results at the positive electrode being 
primary or secondaiy in different proportions, 
according to variations in the strength of the 
acid and the power of the electric current (752). 
Alkaline tartrates gave a large proportion of 
secondary results at the positive electrode. The 
hydrogen at the negative electrode remained 
constant unless certain triple metallic salts 
were used. 

776. Solutions, of salts containing other veg- 
etable acids, as the benzoates; of sugar, gum, 

I It is a very remarkable thing to see carbon and 
nikrogen in this ease determined powerfully towards 
the positive surface of the voltaic battery: but it is 
perfectly in harmony with the theory of electro- 
chemical decomposition which J have advanced. 
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A;o.> dissolved in dilute sulphuric acid; of resin, 
albumen, &c., dissolved in alkalies, were in 
turn submitted to the electrolytic power of the 
voltaic current. In all these cases, secondary 
results to a greater or smaller extent were pro- 
duced at the positive electrode. 

777. In concluding this division of these Re- 
searcheSf it cannot but occur to the mind that 
the final result of the action of the electric cur- 
rent upon substances, placed between the elec- 
trodes, instead of being simple may be very 
complicated. There are two modes by which 
these substances may be decomposed, either 
by the direct force of the electric cun*ent, or by 
the action of bodies which that current may 
evolve. There are also two modes by which 
new compounds may be formed, i.e., by com- 
bination of the evolving substances whilst in 
their nascent state (658), directly with the mat- 
ter of the electrode; or else their combination 
with those bodies, which being contained in, or 
associated with, the body suffering decompo- 
sition, are necessarily present at the anode and 
cathode. The complexity is rendered still great- 
er by the circumstance that two or more of 
these actions may occur simultaneously, and 
also in variable proportions to each other. But 
it may in a groat measure be resolved by atten- 
tion to the principles already laid down (747). 

778. When aqueoiLS solutions of bodies are 
used, secondary results are exceedingly fre- 
quent. Even when the water is not present in 
large quantity, but is merely that of combina- 
tion, still secondary results often ensue: for in- 
stance, it is very possible that in Sir Humphry 
Davyds decomposition of the hydrates of po- 
tassa and soda, a part of the potassium pro- 
duced was the result of a secondary action. 
Hence, also, a frequent cause for the disappear- 
ance of the oxygen and hydrogen which would 
otherwise be evolved: and when hydrogen does 
not appear at the cathode in an aqmoue solutionf 
it perhaps always indicates that a secondary 
action has taken place there. No exception to 
this rule has as yet occurred to my observation. 

779. Secondary actions are not confined to 
aqueom soliiUonSf or cases where water is pres- 
ent. For instance, various chlorides acted up- 
on, when fused (402), by platina electrodes, 
have the chlorine determined electrically to 
the anode. In nmny cases, as with the chlorides 
of lead, potassium, barium, &c., the chlorine 
acts on the platina and forms a compound with 
it, which di^lves; but when protochloride of 
tin is used, the chlorine at the anode does not 
act upon the platina, but upon the chloride al- 


ready there, forming a perchloride which rises 
in vapour (790, 804). These are, therefote, in- 
stances of secondary actions of both kinds, pro- 
duced in bodies containing no water. 

780. The production of boron from fused bo- 
rax (402, 417) is also a case of secondary action; 
for boracic acid is not decomposable by elec- 
tricity (408), and it was the sodium evolved at 
the cathode which, reacting on the boracic acid 
around it, took oxygen from it and set boron 
free in the experiments formerly described. 

781. Secondary actions have already, in the 
hands of M. Becquerel, produced many inter- 
esting results in the formation of compounds; 
some of them new, others imitations of those 
occurring naturally.^ It is probable they may 
prove equally interesting in an opposite direc- 
tion, i.e., as affording cases of analytic decom- 
position. Much information regarding the com- 
position, and perhaps even the arrangement, 
of the particles of such bodies as the vegetable 
acids and alkalies, and organic compounds gen- 
erally, will probably be obtained by submit- 
ting them to the action of nascent oxygen, hy- 
drogen, chlorine, <&c., at the electrodes; and 
the action seems the more promising, because 
of the thorough command which we possess 
over attendant circumstances, such as the 
strength of the current, the size of the elec- 
trodes, the nature of the decomposing conduc- 
tor, its strength, &c., all of which may be ex- 
pected to have their corresponding influence 
upon the final result. 

782. It is to me a great satisfaction that the 
extreme variety of secondary results has pre- 
sented nothing opposed to the doctrine of a 
constant and definite electro-chemical action, 
to the particular consideration of which I shall 
now proceed. 

f vii. On the Definite Nature and Extent of 
Ekdro-chemical Decompositions 

783. In the Third Series of these Researches^ 
after proving the identity of electricities de- 
rived from different sources, and showing, by 
actual measurement, the extraordinary quan- 
tity of electricity evolved by a very feeble vol- 
taic arrangement (371, 376), I announced a 
law, derived from experiment, which seimned 
to me of the utmost importance to the sdende 
of electricity in general, and that brancfii of it 
denominated electro-chemistry inpartieular. The 
law was expressed thus: The chemioaipowerof a 
currentof eketridtyis in direct propoikion to the 
absolide quantity of ekdrieUywhiDkpajssesiSiT). 

I Annates deChinUe,Yi^XXXV4^ 
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7S4. In the Aiiilier pmgreBB of the Buccessii^ 
inveetigationsi I have had frequent occasion to 
refer to ihe same law, sometimes in circum- 
stances offering powerful corroboration of its 
truth (456, 504, 505) ; and the present series al- 
ready supplies numerous new cases in which it 
holds good (704, 722, 726, 732). It is now my 
object to consider this great principle more 
closdiy , and to develop some of the consequences 
to which it leads. That the evidence for it may 
be the more distinct and applicable, I shall 
quote cases of decomposition subject to as few 
interferences from secondary results as possi- 
ble, effected upon bodies very ample, yet very 
definite in their nature. 

785. In the first place, I consider the law as 
BO fully established with respect to the decom- 

" position of water ^ and under so many circum- 
stances which might be supposed, if an 3 rthing 
could, to exert an influence over it, that I may 
be excused entering into further detail respect- 
ing that substance, or even summing up the re- 
sults here (732). I refer, therefore, to the whole 
of the subdivision of this series of Researches 
which contains the account of the voUoreUc- 
irometer (704, &c.). 

786. In the next place, I also consider the 
law as established with respect to muriatic add 
by the experiments and reasoning already ad- 
vanced, when speaking of that substance, in 
the subdivision respecting primary and second- 
ary results (758, &c.). 

787. I consider the law as established also 
with regard to hydriodip add by the experi- 
ments and considerations already advanced in 
the preceding division of this series of Researches 
(767, 768). 

. 788. Without speaking with the same confi- 
dence, yet from the experiments described, and 
many others not described, relating to hydro- 
fluoric, hydro-cyanic, ferro-cyanic, and sulpho- 
cyanic acids (770, 771, 772), and from the close 
analogy which holds between these bodies and 
the hydiacids of chlorine, iodine, bromine, &c., 
I conrider these also as coming under subjec- 
tkm to the law, and assisting to prove its truth. 

789. In the preceding cases, except the first, 
the water is bdieved to be inactive; but to 
avoid any ambiguity arising from its presence, 
I Bought for substances from which it should 
be absent altogether; and, taking advantage of 
law of conduction already developed <380, 
I soon found abundance, amongst which 
pedwiiodde of tin was first subjected to de- 
eflBipostion in the following manner. A pace 
of pLatina wire had one extremity coiled up in- 


to a small knob, and, having been carefully 
weighed, was sealed hermetically into a piece 
of tattle-glass tube, so that the Imob should be 
at the bottom of toe tube within (PI. VI, Fig. 
13). The tube was suspended by a piece of plat- 
ina wire, so that toe heat of a spirit-lamp could 
be applied to it. Recently fused protochloride 
of tin was introduced in sufficient quantity to 
occupy, when melted, about one-half of toe 
tube; the wire of toe tube was connected with 
a volta-electrometer (711), which was itself 
connected with the negative end of a voltaic 
battery; cBnd a platina wire connectea with toe 
positive end of the same battery was dipped 
into the fused chloride in toe tube; being how- 
ever so bent, that it could not by an 3 nshake of 
the hand or apparatus touch the negative elec- 
trode at the bottom of the vessel. T% whole 
arrangement is delineated in PI. VI, I 4 . 

790. Undfer these circumstances the chloride 
of tin was decomposed: the clilorine evolved at 
the positive electrode formed bicLloride of tin 
(779), which passed away in fumes, and the tin 
evolved at the negative electrode combined 
with the platina, forming an alloy, fusible at 
the temperature to which the tube was sub- 
jected, and therefore never occasioning metal- 
lic communication through the decomposing 
chloride. When the experiment had been con- 
tinued so long as to yield a reasonable quantity 
of gas in the volta-electrometer, the battery 
connexion was broken, toe positive electrode 
removed, and the tube and remaining chloride 
allowed to cool. When cold, the tube was bro- 
ken open, toe rest of the chloride and the glass 
being easily separable from the platina wire 
and its button of alloy. The latter when washed 
was then reweighed, and the increase gave toe 
weight of the tin reduced. 

791. 1 will give the particular results of one 
experiment, in illustration of the mode adopt- 
ed in this and others, toe results of which 1 
shall have occaifion to quote. The negative 
electrode weighed at first 20 grains; after the 
experiment, it, with its button of alloy, weired 
23.2 grains. The tin evolved by toe electric cur- 
rent at toe caihode weighed therefore 3.2 grains. 
The quantity of oxygen and hydrogen collect- 
ed in toe volta-electrometer » 3.85 cubic inches. 
As 100 cubic inches of oxygen and hydrogen, 
in toe proportions to form water, may be con- 
sidered as weighing 12.92 grains, the 3.85 cubic 
intoes would weigh 0.49742 of a griun; that 
being, therefore, the wdight of water deoomr 
posed by the same electric cUr^t as ^;al)le 
to dhoompoto sudi weis^t of pzotoebloride of 
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tm BB eould jriidd 3.2 grains of me&l. NoW 
0.49742 : 8.2 ::9, the eqtiivEl^t of wato is. to 
57.9, which should therefore be the equivalent 
of tin, if the e^riment had been made with- 
out error, and if the dectro-chemical decompo- 
sition is in (kis cose also definite. In some chem- 
ical works 68 is given as the chemical equiva- 
lent of tin, in others 57.9. Both are so near to 
the result of the experiment, and the experi- 
ment itself is BO subject to slight causes of va- 
riation (as from the absorption of gas in the 
volta-electrometer [716], Ac.), that the num- 
bers leave little doubt of the applicability of 
the law of definite action in this and all similar 
cases of electro-decomposition. 

792. It is not often I have obtained an ac- 
cordance in numbers so near as that I have just 
quoted. Four experiments were made on the 
protochloride of tin, the quantities of gas evolv- 
ed in the volta-electrometer being from 2.06 to 
10.29 cubic inches. The average of the four ex- 
periments gave 68.53 as the electro-chemical 
equivalent for tin. 

793. The chloride remaining after the exper- 
iment was pure protochloride of tin; and no 
one can doubt for a moment that the equiva- 
lent of chlorine had been evolved at the anode, 
and, having formed bichloride of tin as a sec- 
ondary result, had passed away. 

794. Chkri^ of lead was experimented upon 
in a manner exactly similar, except that a change 
was made in the nature of the positive elec- 
trode; for as the chlorine evolved at the anode 
forms no perchloride of lead, but acts directly 
upon the platina, it produces, if that metal be 
used, a solution of chloride of platina in the 
chloride of lead; in consequence of which a 
portion of platina cim pass to the caJtkode^ and 
would then produce a vitiated result. I there- 
fore sought for, and found in plumbago, an- 
other substance, which could be used s^ely as 
the positive electrode in such bodies as chlo- 
rides, iodides, &c. The chlorine or iodine does 
not act upon it, but is evolved in the free state; 
and the plumbago has no reaction, under the 
circumstances, upon the fused chloride or io- 
(tide in which it is plunged. Even if a few par- 
ticles of plumbago should separate by the heat 
or the mechanic action of the evdved gas, 
they can do no harm in the chloride. 

795. The mean of three experimoats ge^ve 
the manbet of 106.85 as the equivalent for 
le^. ITie chemical eqidvalent is 108.5. The de- 
ficiet^ in my experiments I attribute to the 
Bolution of part ef the gas (716) in the volta- 
risetrometor ; but the reaults leave no doul^ on 


my mind that both the lead and the chlorine 
are, in this case, ev<dved in definite guanUlies 
by the action of a given quantity of electricity 
(814, Ac.). 

796. Chloride of antimony. It was in endeav- 
ouring to obtain the electro-chemical equivar 
lent of antimony from the chloride, that I found 
reasons for the statement I have made respect- 
ing the presence of water in it in an earlier part 
of these Researches (690, 693, Ac.). 

797. 1 endeavour^ to experiment upon the 
oxide of lead obtained by fusion and ignition of 
the nitrate in a platina crucible, but found 
great difficulty, from the high temperature re- 
quired for perfect fusion, and the powerful 
fluxing qualities of the sutetance. Green-glass 
tubes repeatedly failed. I at last fused the ox- 
ide in a small porcelain crucible, heated fully 
in a charcoal Are; and, as it was essential that 
the evolution of the lead at the cathode should 
take place beneath the surface, the negative 
electrode was guarded by a green-glass tube, 
fused around it in such a manner as to expose 
only the knob of platina at the lower end (PL 
VI, Fig, lS)f so that it could be plunged be- 
neath the surface, and thus exclude contact of 
air or oxygen with the lead reduced there. A 
platina wire was employed for the positive 
electrode, that metal not being subject to any 
action from the oxygen evolved against it. The 
arrangement is given in PL VI, Fig, 16, 

798. In an experiment of this kind the equiv- 
alent for the lead came out 93.17, which is very 
much too small. This, I believe, was becau^ of 
the small interval between the positive and 
negative electrodes in the oxide of lead; so that 
it was not unlikely that some of the froth and 
bubUes formed by the oxygen at the anode 
should occasionally even touch the lead re- 
duced at the caUiode, and re-oxidize it. When I 
endeavoured to correct this by having more 
litharge, the greater heat required to keep it all 
fluid caused a quicker action on the crucible, 
which was soon eaten through, and the exper- 
iment stopped. 

799. In one experiment of this kind I used 
borate of lead (408, 673). It evolves lead, un- 
der the influence of the electric current, at the 
(mode, and oxygen at the cathode; and as the 
boracic acid is not rither directly (408) or 
cidmtaily decomposed during the operarion^ i 
expected a result dependent on the oride of 
lead. The borate is not so vicdent a flux as the 
oxide, but it reqmres a higher temperature to 
mate H quite liquid; and if n<^,very hot, the 
bubbles ^ oxyg^ ding to tte iMNdtiye elee* 
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trodfi, and retard the transfer of electricity. 
The number for lead came out 101.29, which is 
so near to 103.5 as to show that the action of 
the current had been definite. 

800. Oxide of bismuth. I found this substance 
required too high a temperature, and acted too 
powerfully as a flux, to allow of any experiment 
being made on it, without the application of 
more time and care than I could give at present. 

801. The ordinary protoxide of antimony ^ 
which consists of one proportional of metal and 
one and a half of oxygen, was subjected to the 
action of the electric current in a green-glass 
tube (789), surrounded by a jacket of platina 
foil, and heated in a charcoal fire. The decom- 
position began and proceeded very well at first, 
apparently indicating, according to the general 
law (679, 697), that this substance was one 
containing such elements and in such propor- 
tions as made it amenable to the power of the 
electric current. This effect I have already giv- 
en reasons for supposing may be due to the 
presence of a true protoxide, consisting of sin- 
gle proportionals (696, 693). The action soon 
diminished, and finally ceased, because of the 
formation of a higher oxide of the metal at the 
positive electrode. This compound, which was 
probably the peroxide, being infusible and in- 
soluble in the protoxide, formed a crystalline 
crust around the positive electrode; and thus 
insulating it, prevented the transmission of the 
electricity. Whether if it had been fusible and 
still immiscible, it would have decomposed, is 
doubtful, because of its departure from the re- 
quired composition (697X It was a very nat- 
ural secondary product at the positive elec- 
trode (779). On opening the tube it was found 
that a little antimony had been separated at 
the negative electrode; but the quantity was 
too small to allow of any quantitative result 
being obtained.^ 

802. Iodide of lead. This substance can be 
experimented with in tubes heated by a spirit- 
lamp (789); but I obtained no good results 
from it, whether I used positive electrodes of 
platina or plumbago. In two experiments the 
numbers for the lead came out only 75.46 and 
73.45, instead of 103.5. This I attribute to the 
formation of a periodide at the positive elec- 
trode, which, dissolving in the mass of liquid 
iodide, came in contact with the lead evolved 
at the negative diectrode, and dissolved part 
of it, becoming itself agsdn protiodide. Such a 
periodide does exist; a^ it is very rarely that 

’ 1 paragraph is snbjeet to the oorreotive note 
aoiriq;ipmied^toparagrspit 696.— ilae. 1838. 
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the iodide of lead formed by precipitation, and 
well-washed, can be fused without evolving 
much iodine, from the presence of this per- 
compound; nor does crystallization from its 
hot aqueous solution free it from this substance. 
Even when a little of the protiodide and iodine 
are merely rubbed together in a mortar, a por- 
tion of the periodide is formed. And though it 
is decomposed by being fused and heated to 
dull redness for a few minutes, and the whole 
reduced to protiodide, yet that is not at all op- 
posed to the possibility, that a little of that 
which is foi:med in great excess of iodme at the 
anode, sliould be carried by the rapid currents 
in the liquid into contact with the cathode. 

803. This view of the result was stre^thened 
by a third experiment, where the sfece be- 
tween the electrodes was increased to o^e-third 
of an inch; for now the interfering effects were 
much diminished, and the number of the lead 
came out 89.04; and it was fully confirmed by 
the results obtained in the cases of transfer to 
be immediately described (818). 

The experiments on iodide of lead therefore 
offer no exception to the general law under con- 
sideration, but on the contrary may, from 
general considerations, be admitted as includ- 
ed in it. 

804. Protiodide of tin. This substance, when 
fused (402), conducts and is decomposed by 
the electric current, tin is evolved at the an- 
ode, and periodide of tin as a secondary result 
(779, 790) at the cathode. The temperature re- 
quired for its fusion is too high to allow of the 
production of any results fit for weighing. 

805. Iodide of potassium was subjected to 
electrolytic action in a tube, like that in PI. VI, 
Fig. IS (789). The negative electrode was a 
globule of lead, and I hoped in this way to re- 
tain the potassium, and obtain results that 
could be weighed and compared with the volta- 
electrometer indication; but the difficulties de- 
pendent upon the high temperature required, 
the action upon the glass, the fusibility of the 
platina induced by the presence of the lead, 
and other circumstances, prevented me from 
procuring such results. The iodide was decom- 
posed with the evolution of iodine at the an- 
ode, and of potassium at the cathode^ as in for- 
mer cases. 

806. In some of these experiments several 
substances were placed in succession, and de- 
composed simultaneously by the same electric 
cuirait: thus, protochloride of tin, chloride of 
lead, and water, were thus acted on at once. It 
is needless to say that the results were com* 
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parable, the tin, lead, chlorine, oxygen, and hy- 
drogen evolved being definite in quantity and 
electro-chemical equivalents to each other. 

807. Let us turn to another kind of proof of 
the definite ckemicd action of electricity. If any 
circumstances could be supposed to exert an 
influence over the quantity of the matters 
evolved during electrolytic action, one would 
expect them to be persent when electrodes of 
different substances, and possessing very dif- 
ferent chemical affinities for such matters, were 
used. Platina has no power in dilute sulphuric 
acid of combining with the oxygen at the an- 
ode, though the latter be evolved in the nas- 
cent state against it. Copper, on the other 
hand, immediately unites with the oxygen, as 
the electric current sets it free from the hydro- 
gen; and zinc is not only able to combine with 
it, but can, without any help from the elec- 
tricity, abstract it directly from the water, at 
the same time setting torrents of hydrogen 
free. Yet in cases where these three substances 
were used as the positive electrodes in three 
similar portions of the same dilute sulphuric 
acid, specific gravity 1.336, precisely the same 
quantity of water was decomposed by the elec- 
tric current, and precisely the same quantity 
of hydrogen set free at the cathodes of the three 
solutions. 

808. The experiment was made thus. Por- 
tions of the dilute sulphuric acid were put into 
three basins. Three volta-electrometer tubes, 
of the form, PI. VI, Figs, 5, 7, were filled with 
the same acid, and one inverted in each basin 
(707). A zinc plate, connected with the positive 
end of a voltaic battery, was dipped into the 
first basin, forming the positive electrode there, 
the hydrogen, which was abundantly evolved 
from it by the direct action of the acid, being 
allowed to escape. A copper plate, winch dipped 
into the acid of the second basin, was con- 
nected with the negative electrode of the first 
basin; and a platina plate, which dipped into 
the acid of the third basin, was connected with 
the negative electrode of the seemd basin. The 
negative electrode of the third basin was con- 
nected with a volta-electrometer (711), and 
that with the negative end of the voltaic bat- 
tery. 

800. Immediately that the circuit was com- 
plete, the electro-^hemiccd action commenced in 
all the vessels. The hydrogen still rose in, ap- 
p^ntly, undiminished quantities from the pos- 
itive zinc electrode in the first basin. No oxy- 
gen was evolved at the positive copp^ diec* 
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trode in the second basin, but a sulphate of 
copper was formed there; whilst in the third 
basin the positive platina electrode evolved 
pure oxygen gas, and was itself unaffected. But 
in aU the basins the hydrogen liberated at the 
ncgoiwe platina electrodes was the same in 
quantity f and the same with the volume of hy- 
drogen evolved in the volta-electrometer, show- 
ing that in all the vessels the current had de- 
composed an equal quantity of water. In this 
trying case, therefore, the chemical action of 
electricity proved to be perfectly definite, 

810. A similar experiment was made with 
muriatic acid diluted with its bulk of water. 
The three positive electrodes were zinc, silver, 
and platina ; the first being able to separate and 
combine with the chlorine without the aid of 
the current; the second combining with the 
chlorine only after the current had set it free; 
and the third rejecting almost the whole of it. 
The three negative electrodes were, as before, 
platina plates fixed within glass tubes. In this 
experiment, as in the former, the quantity of 
hydrogen evolved at the cathodes was the same 
for all, and the same as the hydrogen evolved 
in the volta-electrometer. I have already given 
my reasons for believing that in these experi- 
ments it is the muriatic acid which is directly 
decomposed by the electricity (764) ; and the 
results prove that the quantities so decomposed 
are perfectly definite and proportionate to the 
quantity of electricity which has passed. 

811. In this experiment the chloride of silver 
formed in the second basin retarded the pas- 
sage of the current of electricity, by virtue of 
the law of conduction before described (394), 
BO that it had to be cleaned off four or five 
times during the course of the experiment; but 
this caused no difference between the results 
of that vessel and the others. 

812. Charcoal was used as the positive elec- 
trode in both sulphuric and muriatic acids 
(808, 810); but this change produced no vari- 
ation of the results. A zinc positive electrode, 
in sulphate of soda or solution of common salt, 
gave the same constancy of operation. 

813. Experiments of a similar kind were then 
made with bodies altogether in a different state, 
i.e., with fused chlorides, iodides, Ac, I have d- 
ready described an experiment with fused chlo- 
ride of silver, in which the electrodes were of 
metallic silver, the one rendered negative be- 
coming increased and lengthened by the addi- 
tion of metal, whilst the other was dksolved 
and eaten away by its abstractioni This expm^ 
iment was repeat^, two weired pieces of til- 
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831. vi. Abodynotdecomposable when alone, 
as boracic acid, is not directly decomposable 
by the electric current when in combination 
(780). It may act as an ion going wholly to the 
dnode or ccuthode^ but does not yield up its ele* 
ments, except occasionally by a secondary ac- 
tion. Perhaps it is superfluous for me to point 
out that this proposition has no relation to such 
oases as tliat of water, which, by the presence 
of other bodies, is rendered a better conductor 
of electricity, and therefore is more freely de- 
composed. 

832. vii. The nature of the substance of which 
the electrode is formed, provided it be a con- 
ductor, causes no difference in the electro-de- 
composition, either in kind or degree (807, 
813) : but it seriously influences, by secondaiy 
^.action (744), the state in which the tons finally 
appear. Advantage may be taken of this prin- 
ciple in combining and collecting such tons as, 
if evolved in their free state, would be unman- 
ageable.^ 

833. viii. A substance which, being used as 
the electrode, can combine with the ton evolved 
against it, is also, I believe, an ton, and com- 
bines, in such cases, in the quantity represent- 
ed by its electro-chemical equivalent All the ex- 
periments I have made agree with this view; 
and it seems to me, at present, to result as a 
necessary consequence. Whether, in the sec- 
ondary actions that take place, where the ton 
acts, not upon the matter of the electrode, but 
on that which is around it in the liquid (744), 
the same consequence follows, will require more 
extended investigation to determine. 

834. ix. Compound ions are not necessarily 
composed of electro-chemical equivalents of 
simple tone. For instance, sulphuric acid, bo- 
racic acid, phosphoric acid, are tone, but not 
electrolytes^ i.e., not composed of electro-chem- 
ical equivalents of simple tone. 

835. X, Electro-chemical equivalents are al- 
ways consistent; i.e., the same number which • 
r^resents the equivalent of a substance A 
when it is separating from a substance B, 
will also represent A when separating from 
a third substance C. Thus, 8 is the electro- 
diemical equivalent of oxygen, whether sepa- 

> It will often happen that the electrodes used may 
be of such a nature as, with the fluid in which they 
are immersed, to produce an electric current, either 
according with or opposing tdiat of the voltaic ar- 
rangement used, and in this way, or by direct chem- 
ical action, may sadly disturbt he results. Still, in 
the midst of all these confusing effects, the electric 
fWrent, which actually passes in any direction 
i^rongh the body suffering decomposition, will pro- 
duce its own definite electrolytic action. 


rating from hydrogen, or tin, or lead; and 
103.5 is the dectro-chemical equivalent of 
lead, whether separating from oxygen, or chlo- 
rine, or iodine. 

836. xi. Electro-chemical equivalents coin- 
cide, and are the same with ordinary chemical 
equivalents. 

837. By means of experiment and the preced- 
ing propositions, a knowledge of ions and their 
electro-chemical equivalents may be obtained 
in various ways. 

838. In the first place, they may be deter- 
mined djrfctly, as has been done with hydro- 
gen, oxygen, lead, and tin, in the nu4erous ex- 
periments already quoted. 

839. In the next place, from propcApitions ii 
and iii, may be deduced the knowledgepf many 
other ions, and also their equivalent^. When 
chloride of lead was decomposed, plating being 
used for both electrodes (395), there could re- 
main no more doubt that chlorine was passing 
to the anode, although it combined with the 
platina there, than when the positive electrode, 
being of plumbago (794), allowed its evolution 
in the free state; neither could there, in either 
case, remain any doubt that for every 103.5 
parts of lead evolved at the cathode, 36 parts of 
chlorine were evolved at the anode, for the re- 
maining chloride of lead was unchanged. So al- 
so, when in a metallic solution one volume of 
oxygen, or a secondary compound containing 
that proportion, appeared at the anode, no 
doubt could arise that hydrogen, equivalent to 
two volumes, had been determined to the cathr 
ode, although, by a secondary action, it had 
been employed in reducing oxides of lead, cop- 
per, or other metals, to the metallic state. In 
this manner, then, we learn from the experi- 
ments already described in these Researches, 
that chlorine, iodine, bromine, fluorine, calci- 
um, potassium, strontium, magnesium, man- 
ganese, &c., are ions, and that their electro^ 
chemicol equivaleeUs are the same as their or- 
dinary chemical equivalents. 

840. Propositions iv and v extend our means 
of gaining information. For if a body of known 
chemical composition is found to be decompos- 
able, and the nature of the substance evolved 
as a primary or even a^secondary result (743, 
777) at one of the electrodes, be ascertained, 
the electro-chemical equivalent of that body 
may be deduced from the known constant com- 
position of the substance evolved. Thus, when 
fused protiodide of tin is decomposed by the 
vdtaic current (804), the conclusion may be 
drawn, that both the iodine and tin are ionSf 
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and that the proportions in which they combine 
in the fused compound express their electro* 
chemical equivalents. Again, with respect to 
the fused iodide of potassium (805), it is an 
electrolyte; and the chemical equivalents will 
also be the electro-chemical equivalents. 

841. If proposition viii sustain extensive ex- 
perimental investigation, then it will not only 
help to confirm the results obtained by the use 
of the other propositions, but will give abun- 
dant original information of its own. 

842. In many instances, the secondary results 
obtained by the action of the evolved ion on 
the substances present in the surrounding liq- 
uid or solution, will give the electro-chemical 
equivalent. Thus, in the solution of acetate of 
lead, and, as far as I have gone, in other proto- 
salts subjected to the reducing action of the 
nascent hydrogen at the cathode, the metal pre- 
cipitated has been in the same quantity as if it 
had been a primary product (provided no free 
hydrogen escaped there), and therefore gave 
accurately the number representing its electro- 
chemical equivalent. 

843. Upon this principle it is that secondary 
results may occasionally be used as measurers 
of the volta-electric current (706, 740); but 
there are not many metallic solutions that an- 
swer this purpose well: for unless the metal is 
easily precipitated, hydrogen will be evolved 
at the cathode and vitiate the result. If a sol- 
uble peroxide is formed at the anode, or if the 
precipitated metal crystallize across the solu- 
tion and touch the positive electrode, similar 
vitiated results are obtained. I expect to find in 
some salts, as the acetates of mercury and zinc, 
solutions favourable for this use, 

844. After the first experimental investiga- 
tions to establish the definite chemical action 
of electricity, I have not hesitated to apply the 
more strict results of chemical analysis to cor- 
rect the numbers obtained as electrolytic re- 
sults. This, it is evident, may be done in a great 
number of cases, without using too much lib- 
erty towards the due severity of scientific re- 
search. The series of numbers representing 
electro-chemical equivalents must, like those 
expressing the ordinary equivalents of chemi- 
cally acting bodies, remain subject to the con- 
tinual correction of experiment and sound 
reasoning. 

845. I give the following brief table of ions 
and their electro-chemical equivalents, rather 
as a specimen of a first attempt than as any- 
thing that can supply the want which must 
very quickly be felti of a full and complete tab- 


ular account of this class of bodies. Looking 
forward to such a table as of extreme utility (if 
well-constructed) in developing the intimate 
relation of ordinary chemical affinity to elec- 
trical actions, and identifying the two, not to 
the imagination merely, but to the conviction 
of the senses and a sound judgement, I may be 
allowed to express a hope, that the endeavour 
will alwa 3 rs be to make it a table of reed, and 
not hypothetical, electro-chemical equivalents; 
for we shall else overrun the facts, and lose all 
sight and consciousness of the knowledge lying 
directly in our path. 

846. The equivalent numbers do not profess 
to be exact, and are taken almost entirely from 
the chemical results of other philosophers in 
whom I could repose more confidence, as to 
these points, than in myself. 

847. Table of Ions 


Anions 


Oxygen 

8 

Phosphoric acid 

36.7 

Chlorine 

35.5 

Carbonic acid 

22 

Iodine 

126 

Boracio acid 

24 

Bromine 

78.3 

Acetic acid 

51 

Fluorine 

18.7 

Tartaric acid 

66 

Cyanogen 

26 

Citric acid 

58 

Sulphuric acid 

40 

Oxalic acid 

36 

Selenic acid 

64 

Sulphur (?) 

16 

Nitric acid 

54 

Selenium (?) 


Chloric acid 

75.5 

Sulpho-cyanogen 



Cations 


Hydrogen 

1 

Mercury 

200 

Potassium 

39.2 

Silver 

108 

Sodium 

23.3 

Platina 

98.6? 

Lithium 

10 

Gold 

(?) 

Barium 

68.7 



Strontium 

43.8 

Ammonia 

17 

Calcium 

20.5 

Potassa 

47.2 

Magnesium 

12.7 

Soda 

31.3 

Manganese 

27.7 

Lithia 

18 

Zinc 

32.5 

Baryta 

76.7 

Tin 

57.9 

Strontia 

51.8 

Lead 

103.5 

Lime 

28.5 

Iron 

28 

Magnesia 

20.7 

Copper 

31.6 

Alumina 

(?) 

Cadmium 

55.8 

Protoxides generally. 

Cerium 

46 

Quinia 

171.6 

Cobalt 

29.5 

Cinchona 

160 

Nickel 

29.5 

Morphia 

290 

Antimony 

64.6? 

Vegeto-alkalies general- 

Bismuth 

71 

ly. 



848. This table might be further arranged 
into groups of such substances as either act 
with, or replace, each other. Thus, for instance, 
acids and bases act in relation to each other; 
but they do not act in association with oxygen, 
hydrogen, or elementary substances. There is 
indeed little or no doubt that, when the elec- 
trical rdations of the particles of mathsr ooxne 
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|feo be closely examinedi ilus division must be 
made« The cdmple substancesi with cyanogen, 
fltdpho-cyanogen, and one or two other com- 
pound boches, will probably form the firstgroup; 
and the acids and bases, with such analogous 
compounds as may prove to be ions, the second 
group. Whether these will include all ions, or 
whether a third class of more complicated re- 
sults will be required, must be decided by fu- 
ture experiment. 

849. It is probable that all our present ele- 
mentary bodies are ioTts, but that is not as yet 
certain. There are some, such as carbon, phos- 
phorus, nitrogen, silicon, boron, aluminium, the 
right of which to the title of ion it is desirable 
to decide as soon as possible. There are also 
»many compoxmd bodies, and amongst them 
alumina and silica, which it is desirable to class 
immediately by unexceptionable experiments. 
It is also possible^ that all combinable bodies, 
compound as well as simple, may enter into 

to me probable. Still the experimental evidence 
I have is so small in proportion to what must 
gradually accumulate around, and bear upon, 
this point, tliat I am afmid to give a strong 
opinion upon it. 

850. 1 think I cannot deceive m3rself in con- 
ridering the doctrine of definite electro-chem- 
ical action as of the utmost importance. It 
touches by its facts more directly and closely 
than any former fact, or set of facts, have done, 
upon tlie beautiful idea, that ordinary chem- 
ic^ affinity is a mere consequence of the elec- 
trical attractions of the paiticles of different 
kinds of matter; and it will probably lead us to 
the means by which we may enlighten that 
which is at present so obscure, and either fully 
demonstrate the truth of the idea, or develop 
that which ought to replace it. 

861. A very valuable use of electro-chemical 
equivalents will be to decide, in cases of doubt, 
what is the true chemical equivalent, or defi- 
nite proportional, or atomic number of a body; 
for i have such conviction that the power which 
governs electro-decomposition and ordinary 
chemical attracrions is the same; and such con- 
fidence in the overruling infiuenoe of those nat- 
ttrri laws which render the former definite, as 
to W no hesitation in believing that the latter 
must submit to &em also. Such being the case, 
1 eaU'have no doubt tibat, assuming hydrogen 
Sift and dismisring smalt fractions for riie 
l^fe^mty of expression, the equivalent num- 
IP or atonuo Wi^t of oxygen is 8, of chlorine 
ofiead 108^5^ of tin 69^ Ac., 


imtwiihstaaidiiig that a very hi^ authority 
doubles several of these aumbets. 

§ 13. On the Abeolvie Quantity of Electricity 
Aeeociated wUh the Partidee or Atoms of 
Matter 

862. The theory of definite electrolytical or 
electro-chmical action appears to me to touch 
immediately upon the abeolute quantity of elec- 
tricity or electric power belonging to different 
bodies. It is impossible, perhaps, to speak on 
this point without committing onesdf beyond 
what present facts will sustain; ana yet it is 
equally impossible, and perhaps would be im- 
politic, not to reason upon the subject. Al- 
though we know nothing of what amatom is, 
yet we cannot resist forming spme i^ea of a 
small particle, which represents it to the mind; 
and though we are in equal, if not greater, ig- 
norance of electricity, so as to be unable to say 
whether it is a particular matter or matters, or 

lYiAro ¥r>rvfmn rtf rtri^iriowr -moff ai* rti« ort-nnA 

kind of power or agent, yet there is an immens- 
ity of facts which justify us in believing that 
the atoms of matter are in some way endowed 
or associated with electrical powers, to which 
they owe their most striking qualities, and 
amongst them their mutual ch^ical affinity. 
As soon as we perceive, through the teaching of 
Dalton, that chemical powers are, however va- 
ried the circumstances in which they are ex- 
erted, definite for each body, we learn to esti- 
mate the relative degree of force which resides 
in such bodies: and when upon that knowledge 
comes the fact, that the electricity, which we 
appear to be capable of loosening from its hab- 
itation for a wffile, and conveying from place 
to place, whilst it retains its chemical forcCf can 
be measured out, and being so measur^ is 
found to be 09 definite in its action as any of 
ihoee portions which, remaining associated with 
the particles of , matter, give them their chemr 
ical relation) we seem to have found the link 
which connects the proportion of that we have 
evolved to the proportion of that belonging to 
the particles in th^ natural state. 

853. Now it is wonderful to observe how 
small a quantity of a compound body is de- 
composed by a certain poHion of electricity. 
Let us, for instance^ consider this and a 
other points in relation to water. One grain of 
water, acidulated to facilitate conduction, Will 
require an electric current to be contizmed for 
mimites and three-quarters of time to ef- 
fect its deoomporitioQ, wbic^ current must be 
powerfid enoii^ to retrin a platinaxrirejxit^ 
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an iaoh in tlnckneaa,^ red4u)t, in ibe air duxing 
the whole timer and if interrupted anywhere 
by charcoal points, will produce a very brilli- 
ant and constant star of light. If attoktion be 
paid to the instantaneous discharge of elec- 
tricity of tension, as illustrated in the beautiful 
expmments of Wheatstone,* and to what 
I ^ve said elsewhere on the relation of com- 
mon and voltaic electricity (371, 375), it will 
not be too much to say that this necessary 
quantity of electricity is equal to a very pow- 
erful flash of lightning. Yet we have it under 
perfect command; can evolve, direct, and em- 
ploy it at pleasure; and when it has performed 
its full work of electrolyzation, it has only sep- 
arated the elements of a eingle grain of water. 

854. On the other hand, the relation ^tween 
the conduction of the electricity and the de- 
composition of the water is so close, that one 
cannot take place without the other. If the 
water is altered only in that small degree which 
consists in its having the solid instead of the 
fluid state, the conduction is stopped, and the 
decomposition is stopped with it. Whether the 
conduction be considered as depending upon 
the decomposition, or not (413, 703), still the 
relation of the two functions is equally inti- 
mate and inseparable. 

855. Considering this close and twofold re- 
lation, namely, that without decomposition, 
transmission of electricity does not occur; and, 
that for a given definite quantity of electricity 
passed, an equally definite and constant quan- 
tity of water or other matter is decomposed; 
considering also that the agent, which is elec- 
tricity, is simply enqkloyed in overcoming elec- 
trical powers in the body subjected to its ac- 
tion; it seems a probable, and almost a natural 
consequence, that the quantity which passes 

^ I have not stated the length of wire us^, be- 
cause 1 find by experiment, as would be expected in 
theory, that it is indifferent. The same quantity of 
electricity which, passed in a given time, can heat an 
inch of plafina wire of a certain diameter red-hot, 
can also heat a hundred, a thousand, or any length 
of the same wire to the same degree, provided the 
cooling circumstances are the same for every part in 
all eases. This 1 have proved by the volta-eleotrom- 
eter, { fowid that whether half an inbh or eight inohes 
were retained at one OQpatant temperature of dull 
redness, equal quantities df water were decomposed 
in equal times.' When the half-inch was used, only 
the oentre portion of wire was ignited. A whe 
may even be used as a rough but ready regulator of a 
voltaic ourrent; for if it be made part of the oireuit, 
and the larger wires oommunioating with it be shift- 
ed hCarer to or farther apart, so as to keep^lhe por- 
tion of wire in the efreuit sensibly at the ssine tmn- 
peraiure, tiie currezit passing wouidt It will be 
nearl|r;uniform* , 

icoi Maoeatim^ tm, p; flOA mnamiU, im, p. m. 


kthe egfc&olent therefore equal to, Aul 

of the particles separated; i.e., that U the eiee- 
trical power which holds the elements of agrala 
of water in combination, or which makes a 
grain of oxygen and hydrogen m the right 
portions unite into water wh^ they are nmde 
to combine, could be thrown into the oondition 
of a current^ it would exactly equal the current 
required for the 8^>aration of that grain of wa- 
ter into its elements again. 

856. This view of the subject gives an almost 
overwhelming idea of the extraordinary quan- 
tity or degree of electric power which naturally 
belongs to the particles of matter; but it is zkot 
inconsistent in the slightest degree with the 
facts which can be brought to bear on this 
point. To illustrate this I must say a few Words 
on the voltaic pile.^ 

857. Intending hereafter to apply the results 
given in this and the preceding series of fie- 
searchea to a close investigation of the source of 
electricity in the voltaic instrument, I have ro- 
fraiued from forming any decided opinion on 
the subject; and without at all meaning to dis- 
miss metallic contact, or the contact of dissim!- 
ilar substances, being conductors, but not me- 
tallic, as if they had nothing to do with the or- 
igin of the current, 1 still am fully of opinion 
with Davy, that it is at least continued by 
chemical action, and that the supply constitut- 
ing the current is almost entity from that 
source. 

858. Those bodies which, being interposed 
between the metals of the voltaic pile, render 
it active, are all of them electrolytes (476); and 
it cannot but press upon the attention of every 
one engaged in considering this subject, that m 
those bodies (so essential to the pile) deecmipo- 
sition and the transmission of a curr^t are so 
intimately connected, that one cannot happen: 
without other. This 1 have shown 
dantly in water, andnumerous other cases (402^ 
476). If, then, a voltaic trough have its extrenan 
ities connect^ by a body capable of being de^ 
composed, as water, we shall have a continuow 
current through the apparatus; and whibtit 
remains in thte state we may look at the 
where the acid is acting upon the pIa4^,iinMi 
that where the current is acting upcm llie 
ter, as tiie reciprocals of each otter> hk hsA 

< ]^ the term voltaic pQe, I mean such apperafeua 
or arrensement of metals as up to this have 
been oallid so, and which contain water, brine, acids, 
or other aqueous solutions or decomposaw sub- 
stanees (476), between their platce. OtiMr loads ef 
electrie apparatus may be hereafter invented, and 1 
hope to construct some not belouglxig to the class of 
mstnimenta disoovmd by VoUat 
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parts fre haw the two conditions irmpatdbU 
in imh hodUa cs ihese^ namelyi the passing of a 
ourrait, and decomposition; and this is as true 
of the cells in the battery as of the water cell; 
for no voltaic battery has as yet been constructed 
in which the chemical action is only that of 
combination: decomposition is always included, 
and is, I believe, an essential chemical part* 

859. But the difference in the two parts of 
the connected battery, that is, the decomposi-* 
tion or experimental cell, and the acting cells, 
is simply this. In the former we urge the cur- 
rent through, but it, apparently of necessity, 
is aocompani^ by decomposition: in the latter 
we cause decompositions by ordinary chemical 
actions (which are, however, themselves elec- 

S'Hd, as a consequence, have the elec- 
trical current; and as the decomposition de- 
pendent upon the current is definite in the for- 
mer case, BO is the current associated with the 
decomposition also definite in the latter (862, 
Ac.). 

860. Let us apply this in support of what I 
have surmised respecting the enormous elec- 
tric power of each particle or atom of matter 
(856). I showed in a former series of these Re- 
searches on the relation by measure of common 
and voltaic electricity, that two wires, one of 
platina and one of sine, each one-eighteenth of 
an inch in diameter, placed five-sixteenths of 
an inch apart, and immersed to the depth of 
five-eighths of an inch in acid, consisting of one 
drop of oil of vitriol and four ounces of distilled 
water at a temperature of about 60® Fahr., and 
connected at the other extremities by a copper 
wire eighteen feet long, and one-eighteenth of 
an inch in thickness, yielded as much electri- 
city in little more than three seconds of time as 
a Leyden battery charged by thirty turns of a 
very large and powerful plate electric machine 
in full action (371). This quantity, though suf- 
ficient if passed at once through the head of a 
rat or cat to have killed it, as by a flash of 
lightning, was evolved by the mutual action of 
so sDoall a portion of the zinc wire and water in 
ccmtact with it, that the loss of weight sustain- 
ed by either would be inappreciable by our 
most dehcate instrum^ts; and as to the water 
which could be decomposed by that current, it 
must have been insensable in quantity, for no 
trace of hydrogen appeared upon the surface 
0t the platina during those three seconds. 

S61. What an enormous quantity of electrici- 
^/tberefme, is required for the decomposition 
sity^e ^ain of water! We have already 
that it must be in quantity sufficient to 


sustain a platina wire of an inch in thick- 
ness, red-hot, in contact with the air, for three 
nunutes and three quarters (853), a quantity 
which is almost infinitely greater than that 
which could be evolved by the little standard 
voltaic arrangement to which I have just re- 
ferred (860, 371). 1 have endeavoured to make 
a comparison by the loss of weight of such a 
wire in a given time in such an acid, according 
to a principle and experiment to be almost im- 
mediately described (862) ; but the proportion 
is so high that I am almost afraid to mention 
it. It would appear that 800,000 such charges 
of the Leyden battery as I have referred to 
above, would be necessary to supply Mectric- 
ity sufficient to decompose a single grain of wa- 
ter; or, if I am right, to equal the quantity of 
electricity which is naturally associateq with 
the elements of that grain of water, endowing 
them with their mutual chemical affinity. 

862. In further proof of this high electric 
condition of the particles of matter, and the 
identity as to quantity of that belonging to them 
with that necessary for their separation, 1 will 
describe an experiment of great simplicity but 
extreme beauty, when viewed in relation to 
the evolution of an electric current and its de- 
composing powers. 

863. A dilute sulphuric acid, made by adding 
about one part by measure of oil of vitriol to 
thirty parts of water, will act energetically up- 
on a piece of zinc plate in its ordinary and sim- 
ple state: but, as Mr. Sturgeon has shown,^ 
not at ail, or scarcely so, if the surface of the 
metal has in the first instance been amalga- 
mated; yet the amalgamated zinc will act pow- 
erfully with platina as an electromotor, hydro- 
gen being evolved on the surface of the latter 
metal, as the zinc is oxidized and dissolved. 
The amalgamation is best effected by sprin- 
kling a few drops of mercury upon the surface 
of the zinc, the latter being moistened with the 
dilute acid, and rubbing with the fingers or tow 
so as to extend the liquid metal over the whole 
of the surface. Any mercury in excess, forming 
liquid drops upon the zinc, should be wiped off.* 

864. Two plates of zinc thus amalgamated 
were dried and accurately weighed; one, which 
we will call A, weighed 163.1 grains; the other, 
to be called B, weighed 148.3 grains. They were 

1 Recent ExpenmenUd Researches, Ao., 1830, p. 74, 

Ac. 

experiment mey be made with pure aino. 
whidi, as chemietB well know, is but slightly acted 
upoik by dilute sulphuric acid in comparison with 
ordinary sine, which during the ‘action is subject to 
an infimty of voltaic actions. See De la Rive on this 
BUhleot, BiblioiMqws UniwrsdU, 1830, p. 891. 
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about five inches longi and 0.4 af an inch wide. 867. But let us observe hm the water is da- 


An earthenware pneumatic trough was filled 
with dilute sulphuric acid, of the strength just 
described (863), and a gas jar, also filled with 
the acid, inverted in it.^ A plate of platina of 
nearly the same length, but about three times 
as wide as the zinc plates, was put up into this 
jar. The zinc plate A was also introduced into 
the jar, and brought in contact with the plat- 
ina, and at the same moment the plate B was 
put into the acid of the trough, but out of con- 
tact with other metallic matter. 

865. Strong action immediately occurred in 
the jar upon the contact of the zinc and platina 
plates. Hydrogen gas rose from the platina, 
and was collected in the jar, but no hydrogen 
or other gas rose from eUlm zinc plate. In about 
ten or twelve minutes, sufficient hydrogen hav- 
ing been collected, the experiment was stopped ; 
during its progress a few small bubbles had ap- 
peared upon plate B, but none upon plate A. 
The plates were wash^ in distilled water, dried, 
and reweighed. Plate B weighed 148.3 grains, 
as before, having lost nothing by the direct 
chemical action of the acid. Plate A weighed 
154.65 grains, 8.45 grains of it having been 
oxidized and dissolved during the experiment. 

866. The hydrogen gas was next transferred 
to a water-trough and measured; it amounted 
to 12,5 cubic inches, the temperature being 52®, 
and the barometer 29.2 inches. This quantity, 
corrected for temperature, pressure, and mois- 
ture, becomes 12.15453 cubic inches of dry hy- 
drogen at mean temperature and pressure; 
which, increased by one half for the oxygen 
that must have gone to the anode, i.e., to the 
zinc, gives 18.232 cubic inches as the quantity 
of oxygen and hydrogen evolved from the wa- 
ter decomposed by the electric current. A(h» 
cording to the estimate of the weight of the 
mixed gas before adopted (791), this volume is 
equal to 2.3535544 grains, which therefore is 
the weight of water decomposed ; and this quan-* 
tity is to 8.45, the quantity of zinc oxidiz^, as 
9 is to 32.31. Now taking 9 as the equivalent 
number of water, the number 32.5 is given as 
the equivalent number of zinc; a coincidence 
sufficiently near to show, what indeed could 
not but happen, that for an equivalent of zinc 
oxidized an equivalent of water must be de- 
composed.* 

^ > The acid was left during a night with a smaU 
piece of unamalgamated sine in it, for the purpose of 
evolving such air as might be inclined to separate, 
and bringing the whole into a constant state. 

* The experiment was rei>eated several times with 
the same results. 


composed. It is electrolyzed, i.e., is decomposed 
voltalcally, and not in the ordinary manner (as 
to appearance) of chemical decompositkms; 
for the oxygen appears at the anode and the 
hydrogen at the caihode of the body under der 
composition, and these were in many parts of 
the experiment above an inch asunder. Again, 
the ordinary chemical affinity was not enough 
under the circumstances to effect the decom- 
position of the water, as was abundantly proved 
by the inaction on plate B; the voltaic current 
was essential. And to prevent any idea that the 
chemical affinity was almost sufficient to de- 
compose the water, and that a smaller curimt 
of electricity might, under the circumstances, 
cause the hydrogen to pass to the cathode, 1 
need only refer to the results which I have giv- 
en (807, 813) to show that the chemical action 
at the electrodes has not the slightest influence 
over the qmntities of water or other substances 
decomposed between them, but that they are 
entirely dependent upon the quantity of elec- 
tricity which passes. 

868. What, then, follows as a necessary con- 
sequence of the whole experiment? Why, this: 
that the chemical action upon 32.31 parts, or 
one equivalent of zinc, in this simple voltaic 
circle, was able to evolve such quantity of elec- 
tricity in the form of a current, as, passing 
through water, should decompose 9 parts, or 
one equivalent of that substance; and consid- 
ering the definite relations of electricity as de- 
veloped in the preceding parts of the present 
paper, the results prove that the quantity of 
electricity which, being naturally associated 
with the particles of matter, gives them their 
combining power, is able, when thrown into a 
current, to separate those particles from their 
state of combination; or, in other words, that 
the eUctricUy which decompom, and that which 
ie evolved by the decomposition of, a certain qwm* 
tUy of matter, are alike, 

869. The harmony which this theory of the 
definite evolution and the equivalent definite 
action of electricity introduces into the asso* 
ciated theories of definite proportions and elec* 
tro-cbemical affinity, is very great. According 
to it, the equivalent weights of bodies are eimr 
ply those quantities of them which contain 
equal quantities of electricity, or have natural- 
ly equd electric powers; it Mng the elbctei- 
ciTT which determines the equivalent number, 
because it determines the combining force* Or, 
if we adopt the atomic theory or phraseology, 
then the atoms of bodies which are equivalents 
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towdi-dtim ordiDai 7 ,«hfbioal action 
Iwve equal cpiantities of >tiectiicity natoraUy 
aaBoasiad them. But I must confees lam 
jetioos (rf the tenn atom; for though it is very 
easy to talk of atoms, it is very difficult to form 
a dear idea of their nature, espedaUy when 
omnpound bodies are under condderation. 

870. 1 eannot refrain from reealling here the 
beautiful idea put forth, I bdieve, by Berse- 
iiuB (703) in his devdopment of his views of 
the dectro-chemical theory of affinity, that the 
heat and iight evolved during oases of power- 
fiil combination are the eonsequence of the 
dectiic discharge which is at the moment tak> 
ing place. The idea is in perfect accordance with 
the view 1 have taken of the gmniUy of dec- 
tridtyafflociatedwith the particles of matter. 

871. In this exposition of the law of the defi- 
nite action of dectricity, and its corresponding 
definite proportion in ^e partides of bodies, I 
do not pretmd to have brought, as yet, every 
ease of chemical or dectro-chemical action un- 
der its dominion. There are numerous consid- 
erations of a theoretical nature, especially re- 
(gieoting the compound particles of matter and 
the resulting electrical forces which they ought 
to possess, which I hope will gradually recdve 
thdr devdopment; and there are numerous ex- 
poimental cases, as, for instance, those of com- 
pounds formed by weak aflhiities, the simul- 
taneous decomposition of water and salts, &c., 
idiioh still require investigation. But whatever 
tiie results cm these and numerous other points 
may be, I do not bdieve that the facts which 
I have advanced, or even’tiie general laws de- 
duced from1bem,willsuffer any serious change; 
and they ere of sufficient importance to justify 
their pulffioation, thov^ much may yet re- 
main imperfect or undone. Indeed, it is the 
Upceat beauty our sdenee, chbmistbt, tiiat 
advancement in it, whether in a degree great 
orsmad^ instead of exhausting the subjects of 
leaeanih, opmis the doors to further'ond more 
abundant knowledge, overflowing with beauty 
and urtiiitiyf to thc^ who will be at the easy 
perae^ pains td undotaking its experimentd 
invea%ati(ai. 

; 872. The definite production of dectricity 
in aasodaitiim witii its definite action 


inoves, I tidnk, that thetmrrent of deetiidty 
in the vdtaic {ffie is sustained by dtanical de- 
composition, or rather by chendod action, tmd 
not by contact only. But here, as dsevffim 
(857), I beg to reserve my opinion as to the real 
action of contact, not having yet been able to 
make up my mind as to whether it is an excit- 
ing cause of the current, or merdy necessary to 
allow of the conduction of dectricity, other- 
wise generated, from one metal to the other. 

873. But admitting that chemical action is 
the source of electricity, what an infinitely small 
fraction n{.that which is active do ti^e obtain 
and emi»oy in our voltaic batteries! pnc and 
platina wires, one-eighteenth of an iiuh in di- 
ameter and about half an mch long, dmped in- 
to dilute sulphuric acid, so weak that it is not 
sensibly sour to the tongue, or scarcely to our 
most delicate test-papers, will evolvq more 
dectricity in one-twentieth of a minute (860) 
than any man would willingly allow to pass 
through his body at once. The chemical action 
of a grdn of water upon four grains of sine can 
evolve electricity equal in quantity to that of a 
powerful thunder-storm (868, 861). Nor is it 
merdy true that the quantity is active; it can 
be directed and made to perform its full equiv- 
alent duty (867, &c.). Is there not, then, great 
reason to hope and believe that, by a closer ex- 
perimental investigation of the principles which 
govern the development and action of this sub- 
tile agent, we shall be able to increase the pow- 
er of our batteries, or invent new instruments 
which shall a thousandfold surpass in energy 
those which we at present possess? 

874. Here for a while I must leave the con- 
sideration of the definite chemical action o/ dee- 
trieity. But before I dismiss this series of ex- 
perimental Retearchea, I would call to mind 
that, in a former series, I showed the current of 
dectricity was dso d^nite in He magneUe ac- 
tion (216, 366, 367, 376, 377) ; and, though this 
result was not pursued to any extent, I have no 
dodbt that the success which has att^ded the 
development of the chmnical dfects is not more 
than would accompany an bvestigation of the 
magnetic phenomoia. 

Royal ItuhUution, December 31, 1883 
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f i. On Simple VoUaic Circles 
875. The great question of the source of elec- 
tricity, in the voltaic pile has engaged the at- 
tention of BO many eminent philosophers, that 
a man of liberal mind and able to appreciate 
their powers would probably conclude, although 
he might not have studied the question, that 
the truth was somewhere revealed. But if in 
pursuance of this impression he were induced 
to enter upon the work of collating results and 
conclusions, he would find such contradictory 
evidence, such equilibrium of opinion, such var 
nation and combination of theory, as would 
leave him in complete doubt respecting what 
he should accept as the true int^retation of 
nature: he wotdd be forced to take upon him- 
self the labour of repeating and examining the 
facts, and then use his own judgement on ^em 
in preferepce to that of others. 

876. TUs state of the subject must, to those 
who have made up thdr minds on the matter, 
be my apology for entering upon its investiga- 
tion. The views I have taken of the definite ac- 
tion of electricity in decomporing bodies (783), 
and the identity of ike power so used with the 
power to be overcome (855), founded not on a 
mere opinion or general no^n, but on facts 
which, being altogether new, were to my mind 
predse and condusive, gave me, as I oon- 
edved, ike power of examining question 
with, advantages not before possessed by any, 
and which mi^t oompoisate, on my pa^, for 
the superiw dearness, and extmit of int^eet (m 
ikdrs; Such are the ocmdderationB which have 
induced me to eppposo l nuidit hdp in dedcfing 
ike question, and be abto to renda asdstance 
intha^geeat service qf removing dcuh^fufhnowf- 
ed^. Stedi knowledgeis the early morning fig^t 


in dispelling that which is deceptive m it, and 
revealing more clearly that which is true, is as 
useful m his place, and as necessaiy to tke gen- 
eral progress of the sdence, as he who first 
broke through tke intdlectual darkness, and 
opened a pa^ into knowledge before unknown 
toman. 

877. The identity of the force constituting 
the voltaic current or dectrolytic agent, with 
that which holds the dements of electrolytes 
together (855), or in other words with chemicd 
affinity, seemed to indicate that the dectridty 
of the pile itself was merdy a mode of exertkm, 
or exhibition, or existence of true chemicdl 
lion, or rather of its cause; and I have conse- 
quently already said that I agree with those 
who believe that the supply of electiidty is due 
to chemicd powers (857). 

878. But the great questimi of whethm it is 

originally due to metallic contact or to cbemr 
ical action, i.e., whether it is Ike first or the 
second which originates and determines (ke cu^ 
rent, was to me sttil doubtful; and the beauti- 
ful and ample experimoit witk amalgamated 
sine and platina, which I have described 
minutdy as to its restdts (863, Ac.), did not de- 
dde the point; for in that experiment tke diem* 
ical action does not take place without the co^ 
tact of the metals, and the metallic cemtact is 
ineffident without the chemical action. Henoe 
dtho* might be loo^ upon as Ike deUrvminy 
cause of ^ curroit. ; !' 

879. 1 titougjit it essentid to decide this 
tion by thesimplest posable forms of apptai^* i 
and experinient, that no fallacy might be io- 
adveztmitiy admitted. The well-known ' 
ddty of effecting decomposition by a nsg^ 
pair of ]dates, exc^t in the fiuid esc&tiug tkettfi i 
intoaction(863),Beemedtothrowin8unnOuntf* > 
able obstruction in the way of sudx experi- 

m 


uf eJ^ adyanciBg sohs^, and is eesentid to 
itr dwdopgtent; but the man wko is engsged 
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mmtB; but I remembered the easy decomposar 
bility of the solution of iodide of potassium 
<316), and seeing no theoretical reason, if me- 
tallic contact was not easentialj why true elec- 
tro-decomposition should not be obtained with- 
out it, even in a single circuit, I persevered and 
succeeded. 

880. A plate of zinc, about eight inches long 
and half an inch wide, was cleaned and bent in 
the middle to a right angle, (Pl.VII,iPi( 7 . 1 a)- A 
plate of platina, about three inches long and 
half an inch wide, was fastened to a platina 
wire, and the latter bent as in the figure, h. 
These two pieces of metal were arranged to- 
gether as delineated, but as yet without the 
vessel c, and its contents, which consisted of 
dilute sulphuric acid mingled .with a little nitric 
acid. At X a piece of folded bibulous paper, 
moistened in a solution of iodide of potassium, 
was placed on the zinc, and was pressed upon 
by the end of the platina wire. When under 
these circumstances the plates were dipped in- 
to the acid of the vessel c, there was an imme- 
diate effect at x, the iodide being decomposed, 
and iodine appearing at the anode (663), i.e., 
against the end of the platina wire. 

881. As long as the lower ends of the plates 
remained in the acid the electric current con- 
tinued, and the decomposition proceeded at z. 
On removing the end of the wire from place to 
place on the paper, the effect was evidently 
very powerful; and on placing a piece of tun- 
meric paper between the white paper and zinc, 
both papers being moistened with the solution 
of iodide of potassium, alkali was evolved at 
the cathode (663) against the zinc, in propor- 
tion to the evolution of iodine at the anode. 
Hence the decomposition was perfectly polar, 
and decidedly dependent upon a current of 
electricity passing from the zinc through the 
acid to the platina in the vessel c, and back 
from the platina through the solution to the 
zinc at the pap^ x, 

882. That the decomposition at z was a true 
electrolytic action, due to a current determined 
by the state of things in the vessel c, and not 
dependent upon any mere direct chemical ac- 
tion of the zinc and platina on the iodide, or 
even upon any cwrrenJl which the solution of io- 
dide xnight by its action on those metals tend 
to form at z, was jsdiown, in the first place, by 
removing the vessel c and its acid from the 
plates, when all decomposition at z ceased, and 
in the next by connecting the metals, either in 
or out of the acid, together, when decomposi- 
tioii of ^ iodide at z occurred, but in amerss 


order; for now alkali appeared against the end 
of the platina wire, and the iodine passed to 
the zinc, the current being the contrary of what 
it was in the former instance, and produced di- 
rectly by the difference of action of the solu- 
tion in the paper on the two metals. The ioc^ 
of course combined with the zinc. 

883. When this experiment was made with 
pieces of zinc amalgamated over the whole sur- 
kce (863), the results were obtained with equal 
facility and in the same direction, even when 
only dilute sulphuric acid was contained in the 
vessel c (PI. VII, Fig, 1), Whichsoever end of 
the zinc was immersed in the acid, still the ef- 
fects were the same: so that if, for a moment, 
the mercury might be supposeid to supply the 
metallic contact, the inversion of the amalgar 
mated piece destroys that objection. The use 
of unamalgamated zinc (880) removes all pos- 
sibility of doubt.^ 

884. When, in pursuance of other views (930), 
the vessel c was made to contain a solution of 
caustic potash in place of acid, still the same 
results occurred. Decomposition of the iodide 
was effected freely, though there was no metal- 
lic contact of dissimilar metals, and the current 
of electricity was in the same direction as when 
acid was used at the place of excitement. 

885. Even a solution of common salt in the 
glass c could produce all these effects. 

886. Having made a galvanometer with plat- 
ina wires, and introduced it into the course of 
the current between the platina plate and the 
place of decomposition x, it was affected, giv- 
ing indications of currents in the same dh^ 
tion as those shown to exist by the chemical 
action. 

887. If we consider these results genersdly, 
they lead to very important conclusions. In 
the first place, they prove, in the most decisive 
manner, that metallic contad is not necessary 
for the production of the voltaic current. In the 

1 The following is a more striking mode of making 
the above elementary experiment. Prepare a plate of 
nine, ten or twelve inches long and two inches wide, 
and clean it thoroughly: provide also two discs vf 
dean platina, about one inch and a half in diameter: 
— dip three or four folds of bibulous paper into a 
strong solution of iodide of potassium, place thm 
on the clean sine at one end of the plate, and on 
them one of the platina discs: finally dip similar foikte 
of paper or a piece of linen cloth into a miXOEn^. of 
equal parts nitric acid and water, and place it at 
other end of the sine plate with Ibe second 
disc upon it. In this state of things no cbaiMin at## 
solution of the iodide will be perceptible,; hut if„ m 
two discs be connected by a: platina (or btnei) 
wire for a second or two« and tiien that over tiic 
iodide be raised, it will be found thi^ the vMs pt tl^ 
surface jbeneatil is decgJy staindd tnth sktped Mins. 
^-nDco. 1888 . . s 
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next idaee; show a ia(»9t extraoidinBiy 
mutiud nelatioa of ihe ehemioal iJSsiities of the 
SxM whudi ^cUe9 the current) and the fluid 
which is decmpoaed by it. 

888. For the purpose of simplifying the eon^ 
rid^etion, let us take theexperiment with amal- 
gamated zinc. The metal so prepared exhibits 
m dfoct until the current can pass: it at the 
oaisne time introduces no new action, but mere- 
fy.r^Qaoves an influence which is ex^aneous to 
those belonging either to the production or the 
effect of the electric curr^t under investiga- 
tion (1000) ; an influence also which, when pres- 
ent, tends only to confuse the results. 

889. Let two plates, one of amalgamated zinc 
and the other of platina, be plac^ parallel to 
each other (PL VII, Fig. 18), and introduce a 

.4rop of dilute sulphuric acid, y, between them 
at one ^d: there will be no sensible chemical 
action at that spot unless the two plates are 
connected somewhere else, as at P Z, by a body 
capaUe of conducting electricity. If that body 
be a metal or certain forms of carbon, then the 
current passes, and, as it circulates through 
tiie fluid at y, decomposition ensues. 

890. Then remove the acid from y, and in- 
troduce a drop of the solution of iodide of po- 
tassium at X (PL VII, Fig. S). Exactly the same 
set of effects occur, except that when the me- 
tallic eoimnunication is made at P Z, the elee- 
tiic current is in the opposite direction to what 
it was before, as is indicated by the arrows, 
which show the courses of the currents (667). 

891. Now both the solutions used are conduc- 
tors, but the conduction m them is essentially 
connected witii decomposition (858) in a cer- 
tain constant order, and therefore the appear- 
ance of the dements in certain places shows in 
what direction a current has passed when the 
solttticms aie thus employed. Moreover, we find 
that when they are m&i at opposite ^ds of the 
ihktei, as in the last two experiments (889, 
890), metallic contact being allowed at the oth- 
er extremities, the currents are in opposite di- 
iwctions. We have evidently, theidore, the 
i^wer oropposing the actions of the two fluids 
aimtfftimeously to each other at the opposite 
ends of the plates, usiiig each one as a conduc- 
tor for the disdmrge of the current of electric- 
i^, which tto other tends to g^erate; in fact, 
lutetituting them^ for metallic contact, and 

both exp^intOnts into one (PL VII, 
4). Under these dt^eui^tances, there is an 
i^pipcpticm of farces: the fluid, whmh brings m- 
& the stronger Itst, pi affinities 

Srilm sine, (bring the duutearid), overemnes 


the fc»ce of the other^ and detenninea timfoxv 
mation and direction of the dectric current; 
not merely making that current pass tinou^ 
the weaker liquid, but actually reverting the 
tendency which the elements of the latter have 
in relation to the zinc and jdatina if not thus 
counteracted, and forcing them in the contrary 
direction to that th^ are inclined to follow, 
that its own current may have free courSe. If 
the dominant action at y be removed by mak- 
ing metallic contact there, then the liquid at x 
resumes its power; or if the metals be not 
brought inlo contact at y, but the aftnities of 
the solution there weakened, whilst those ac- 
tive at X are strengthened, then the latW gains 
the ascendency, and the decomposit!|pns are 
produced in a contrary order. 

892. Before drawing a. final conclusidn from 
this mutual dependence and state of the\chem- 
ical affinities of two distant portions of acting 
fluids (916), I will proceed to examine more mi- 
nutely the various circumstances under which 
the re-action of the body suffering decomposi- 
tion is rendered evident upon the action of the 
body, also undergoing decomposition, which 
produces the voltaic current. 

893. The use of metaUic contact in a single pair 
of plates, and the cause of its great superiority 
above contact made by other kinds of matter, 
become now very evident. When an amalga- 
mated zinc plate is dipped into dilute sulphuric 
acid, the force of chemical affinity exerted be- 
tween the metal and the ffuid is not sufficient- 
ly powerful to cause sensible action at the sur- 
faces of contact, and occasion the decompo- 
sition of water by the oxidation of the metal, 
although it is sufficient to produce such a con- 
dition of the electricity (or the power upon 
which chemical affinity depends) as would pro- 
duce a current if there were a path open for 
it (916, 956) ; and that current would complete 
tiie conditions necessary, under the circum- 
stances, for the decomposition of the water. 

894. Now the presence of a piece of platina 
touching both the zinc and the fluid to be de- 
compost, opens tisepath required for the elec- 
tricity. Its dired commvnicaUon with the zinc 
is ^ttuai, far beyond any communication 
made between it and that metal (i.e., between 
the platina and zinc), by means of deeompoeh 
able conducting bodies, or, in other words, 
dectrblyteSf as in the experiment already de* 
smibed (891) ; because, when ffiey are used, the 
chmioal affinities between them and the zinc 
^ochice a contrary and opposing ariion to timt 
whirii is influeff titd m toe dflute 
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or H that action be but email, etill the affinity 
of their component parts for each other has to 
be overcome, for they cannot conduct without 
suffering decomposition; and this decomposi- 
tion is found experimenkilly to react back upon 
the forces which in the acid tend to produce 
the current (904, 910, &c.), and in numerous 
cases entirely to neutralize them. Where direct 
contact of the zinc and platina occurs, these 
obstructing forces are not brought into action, 
and therefore the production and the circula- 
tion of the electric current and the concomitant 
action of decomposition are then highly far 
voured. 

895. It is evident, however, that one of these 
opposing actions may be dismissed, and yet an 
electrolyte be used for the purpose of complet- 
ing the circuit between the zinc and platina 
immersed separately into the dilute acid ; for if, 
in PI. VII, Fig. 1, the platina wire be retained 
in metallic contact with the zinc plate a, at 
Xj and a division of the platina be made else- 
where, as at s, then the solution of iodide placed 
there, being in contact with platina at both 
surfaces, exerts no chemical affinities for that 
metal; or if it does, they are equal on both sides. 
Its power, therefore, of forming a current in 
opposition to that dependent upon the action 
of the acid in the vessel c, is removed, and only 
its resistance to decomposition remains as the 
obstacle to be overcome by the affinities exert- 
ed in the dilute sulphuric add. 

896. This becomes the condition of a single 
pair of active plates where metdUic contact is 
allowed. In such cases, only one set of opposing 
affinities are to be overcome by those which are 
dominant in the vessel c; whereas, when metal- 
lic contact is not allowed, two sets of opposing 
affinities must be conquered (894). 

897. It has been considered a difficult, and 
some an impossible thing, to decompose 

bodies by the current from a single pair of 
plates, even when it was so powerful as to heat 
bars of metal red-hot, as in the case of Hare's 
caloiimeter, arranged as a single voltaic drcuit, 
or of Wollaston's powerful single pair of metals. 
This difficulty hi^ arisen altogether from the 
antagonism of the chemical affinity engaged in 
producing the current with the chemical affin- 
ity to be overcome, and depends entirely upon 
their relative into^ity; ior when the sum of 
f orc^ in one has a (^ortain degree of superiority 
ov^ the eum of forces in the other, the former 
gain the ascendency, detmnine eurrent, 
and overcome the latto so as to make the sub- 
atancemmrtlng timm yiMd up its elmnenta m 


perfect accordance, both as to direotbn and 
quantity, with the course of those whidhi axe 
exerting the most intense and dominant aetiom 

898. Water Iw generally been the substance, 
the decomposition of which has been sought for 
as a chemical test of the passage of an electric 
current. But I now began to perceive a reason 
for its failure, and for a fact which I had ob- 
served long tefore (315, 316) with regard to 
the iodide of potassium, namely, that bodies 
would differ in facility of decomposition by a 
ipven electric current, according to the condi- 
tion and intensity of their ordinary chemical 
affinities. This reason appeared in their reaction 
upon the affirdtiee tending to cause the current: 
and it appeared probable, that many substances 
might be found which could be decomposed by 
the current of a single pair of zinc and platina 
plates immersed in dilute sulphuric acid, al- 
though water resisted its action. I soon found 
this to be the case, and as the experiments of- 
fer new and beautiful proofsofthedirect relation 
and opposition of the chemical affinities con- 
cerned in producing and in resisting the stream 
of electricity, I sh^ briefly describe them. 

899. The arrangement of the apparatus was 
as in PI. VII, Fig. 6. The vessel v contained di- 
lute sulphuric acid; Z and P are the zinc and 
platina plates; a, 6, and c are platina wir^; the 
decompositions were effected at a;, and occa- 
sionally, indeed generally, a galvanometer was 
introduced into the circuit at g: its place only 
is here given, the circle at g having no reference 
to the size of the instrument. Various arrange^ 
ments were made at x, according to the kind of 
decomposition to be effected. If a drop of liq- 
uid was to be acted upon, the two ends were 
merely dipped into it; if a solution contained 
in the pores of paper was to be decomposed, 
one of the extremities was connected with a 
platina plate supporting the paper, whilst the 
other extremity rested on the paper, e (PL VII, 
Fig. 12 ) : or sometimes, as with sulphate of soda, 
a plate of platina sustained two portions of pa» 
per, one of the ends of the wires resting upoi^ 
each piece, c (PL VII, Fig. H). The darts 

^nt the direction of the electric current (667); 

900. Solution of iodide of potamum^ in mmlh 
ened paper, bting placed at the interiuptUm cf 
the circuit at x, was readily deccmipQ^..^I^ 
dine was evolved at the anode, and alkali af lliw 
caihodSf of the decomposing body^ 

90L Proto^Uoride of 
placed at x, was also re^y deooaqKa^ 
ing petehioride tin at the (779), 
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902. Fused chloride of silver, placed at was 
also easily decomposed; chlorine was evolved 
at the anode, and brilliant metallic silver, ei- 
ther in films upon the surface of the liquid, or 
in crystals beneath, evolved at the cathode^ 

903. Water acidulated with sulphuric acid, 
solution of muriatic acid, solution of sulphate 
of soda, fused nitre, and the fused chloride and 
iodide of lead were not decomposed by this sin- 
gle pair of plates, excited only by dilute sul- 
phuric acid. 

904. These experiments give abundant proofs 
that a single pair of plates can electrolyze bod- 
ies and separate their elements. They also show 
in a beautiful manner the direct relation and 
opposition of the chemical affinities concerned 

^ at the two points of action. In those cases where 
the sum of the opposing affinities at x was suf- 
ficiently beneath the sum of the acting affini- 
ties in V, decomposition took place; but in those 
cases where they rose higher, decomposition 
was effectually resisted and the current ceased 
to pass (891). 

905. It is however, evident, that the sum of 
acting affinities in v may be increased by using 
other fluids than dilute sulphuric acid, in which 
latter case, as I believe it is merely the affinity 
of the zinc for the oxygen already combined 
with hydrogen in the water that is exerted in 
producing the electric current (919) : and when 
the affinities are so increased, the view I am sup- 
porting leads to the conclusion that bodies which 
resisted in the preceding experiments would 
then be decomposed, because of the increased 
(tiff erence between their affinities and the acting 
affinities thus exalted. This expectation was 
fully confirmed in the following manner. 

906. A little nitric acid was added to the liq- 
uid in the vessel v, so as to make a mixture 
which I shall call diluted nitro-sulphuric acid. 
On repeating the experiments with this mix- 
ture, all the substances before decomposed 
again gave way, and much more readily. But, 
betides that, many which before resisted elec- 
tiolyzation, now yielded up their elements. 
Thus, solution of sulphate of soda, acted upon 
in the interstices of litmus and turmeric paper, 
yielded acid at the anode and alkali at the 
cathode; solution of muriatic acid tinged by in- 
digo 3 delded chlorineat theanode and hydrogen 
at tl^e cathode; sdiution of nitrate of silver yielded 
sUver at the cathode* Again, fused nitre and the 
^isediodideand chlorideof lead were decompos- 
able by the current of this single pair of plates, 
Slou^ they were not by the former (903). 

907. A solution of acetate of lead was ap- 


Sbribs VIII 

parently not decomposed by this pair, nor did 
water acidulated by sulphuric acid se^ at first 
to give way (973). 

908. The increase of intensity or power of the 
current produced by a simple voltaic circle, 
with the increase of the force of the chemical 
action at the exciting place, is here sufficiently 
evident. But in order to place it in a clearer 
point of view, and to show that the decompos- 
ing effect was not at all dependent, in the lat- 
ter cases, upon the mere capability of evolving 
more electricity, experiments were/ made in 
which the quantity evolved could b j increased 
without variation in the intensity ofUhe excit- 
ing cause. Thus the experiments in which di- 
lute sulphuric acid was used (899) were repeat- 
ed, using large plates of zinc and platipa in the 
acid; but still those bodies which resiiijted de- 
composition before, resisted it also under these 
new circumstances. Then again, where nitro- 
sulphuric acid was used (906), mere wires of 
platina and zinc were immersed in the exciting 
acid; yet, notwithstanding this change, those 
bodies were now decomposed which resisted 
any current tending to be formed by the dilute 
sulphuric acid. For instance, muriatic acid could 
not be decomposed by a single pair of plates 
when immersed in dilute sulphuric acid; nor 
did making the solution of sulphuric acid strong, 
nor enlarging the size of the zinc and platina 
plates immersed in it, increase the power; but 
if to a weak sulphuric acid a very little nitric 
acid was added, then the electiicity evolved 
had power to decompose the muriatic acid, 
evolving chlorine at the anode and hydrogen at 
the cathode, even when mere wires of metals 
were used. This mode of increasing the inten- 
sity of the electric current, as it excludes the 
effect dependent upon many pairs of plates, or 
even the effect of making any one acid strong- 
er or weaker, is at once referable to the condi- 
tion and force of the chemical affinities which 
are brought into action, and may, both in prin- 
ciple and practice, be considered as perfectly 
distinct from any other mode. 

909. The direct reference which is thus ex- 
perimentally made in the simple voltaic circle 
of the intensity of the electric current to the i«- 
tensity of the chemical action going on at the 
place where the existence and direction of the 
current is determined, Leads to the conclusion 
that by using selected bodies, as fused chlo- 
rides, salts, solutions of acids, &c., which may 
act upon the metals employ^ with different 
degrees of chemical force; and using also met* 
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als in association with platina, or with each 
other, which shall differ in the degree of chem- 
ical action exerted between them and the ex- 
citing fluid or electrol 3 rte, we shall be able to 
obtain a series of comparatively constant ef- 
fects due to electric currents of different inten- 
sities, which will serve to assist in the construc- 
tion of a scale competent to supply the means 
of determining relative degrees of intensity 
with accuracy in future researches.^ 

910. 1 have already expressed the view which 
I take of the decomposition in the experiment- 
al place, as being the direct consequence of the 
superior exertion at some other spot of the 
same kind of power as that to be overcome, 
and therefore as the result of an antagonism of 
forces of the same nature (891, 904). Those at 
the place of decomposition have a reaction up- 
on, and a power over, the exerting or determin- 
ing set pr6})ortionate to what is needful to over- 
come their own power; and hence a curious re- 
sult of resistance offered by decompositions to 
the original determining force, and conseciuent- 
ly to the current. This is well shown in the 
cases where such bodies as chloride of lead, io- 
dide of lead, and water would not decompose 
with the current produced by a single pair of 
zinc and i)latina plates in sulphuric acid (903), 
although they would with a current of higher 
intensity produced by stronger chemical pow- 
ers. In such cases no sensible portion of the cur- 
rent passes (9(57) ; the action is stopped; and I 
am now of opinion that in the case of the law 
of conduction which I described in the fourth 
series of these Researches (413), the bodies 
which are electrolytes in the fluid state cease 
to be such in the solid form, because the at- 
tractions of the particles by which they are re- 
tained in combination and in their relative po- 
sition, are then too powerful for the electric 
current. 2 The particles retain their places; and 
as decomposition is prevented, the transmis- 
sion of the electricity is prevented also; and al- 
though a battery of many plates may be used, 
yet if it be of that perfect kind which allows of 
no extraneous or indirect action (1000), the 
whole of the affinities concerned in the activity 
of that battery are at the same time also sus- 
pended and counteracted. 

911. But referring to the resistance of each 
single case of decomposition, it would appear 
that as these differ in force according to the af- 

* In relation to this difference and its probable 
oause, see considerations on inductive polarisation* 
13H &c.-/)ec. 1838. 

* Refer onwards to i70d.— Dec. 1838. 


finities by which the elements in the substance 
tend to retain their places, they also would 
supply cases constituting a series of degrees by 
which to measure the initial intensities of sim- 
ple voltaic or other currents of electiicity, and 
which, combined with the scale of intensities 
determined by different degrees of acting force 
(909), would probably include a sufficient set of 
differences to meet almost every important case 
where a reference to intensity would be required. 

912. According to the experiments I have al- 
ready had occasion to make, I find that the 
following bodies are electrolytic in the order in 
which I have placed them, those which are first 
being decomposed by the current of lowest in- 
tensity. These currents were always from a sin- 
gle pair of plates, and may be considered as 
elementary voltaic forces. 

Iodide of potassium (solution) 

Chloride of silver (fused) 

Prt)tochloride of tin (fused) 

Chloride of lead (fused) 

Iodide of lead (fused) 

Muriatic acid (solution) 

Water, acidulated with sulphuric acid 

913. It is essential that, in all endeavours to 
obtain the relative electrolytic intensity neces- 
sary for the decomposition of different bodies, 
attention should be paid to the nature of the 
electrodes and the other bodies present which 
may favour secondary actions (986). If in elec- 
tro-decomposition one of the elements sepa- 
rated has an affinity for the electrode, or for 
bodies present in the surrounding fluid, then 
the aifinity resisting decomposition is in part 
balanced by such power, and the true place of 
the electrolyte in a table of the above kind is 
not obtained: thus, chlorine combines with a 
positive platina electrode fieely, but iodine 
scarcely at all, and therefore I believe it is that 
the fused chlorides stand first in the preceding 
table. Again, if in the decomposition of water 
not merely sulphuric but also a little nitric acid 
be present, then the water is more freely de- 
composed, for the hydrogen at the cathode is 
not ultimately expelled, but finds oxygmn in 
the nitric acid, with which it can combine to 
produce a secondary result; the affinities op- 
posing decomposition are in this way dim^ 
ished, and the elements of the water can then 
be separated by a current of lower intensity. 

914. Advantage may be taken of this prin- 
ciple to interpolate more minute degrees into 
the scale of initial intensities already refen^ed 
to (909^ 911} thanis there spokenof; for by com* 
biningtheforeepf acurrentconefctnfinitsjintah 
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sity, with themse of electrodes oonsistiog of mat- 
ter, havintg moreor less affinity for the elements 
evolved from the decomposing electrolyte, vari- 
ous intermediate degrees may be ob^ned. 

915. Returning to the consideration of the 
source of electricity (878, Ac.), there is another 
proof of the most perfect kind that metallic 
eontact has nothing to do with the production 
of electricity in the voltaic circuit, and further, 
that electricity is only another mode of the ex- 
^tion of chemical forces. It is, the production 
of the electric spark before any contact of met- 
als is made, and by the exertion of pure and un- 
mixed chemical forces. The experiment, which 
will be described further on (956), consists in 
obtaining the spark upon making contact be- 
tween a plate of zinc and a plate of copper 
plunged into dilute sulphuric acid. In order to 
make the arrangement as elementary as pos- 
sible, mercurial surfaces were dismissed, and 
the contact made by a copper wire connected 
with the copper plate, and then brought to 
touch a clean part of the zinc plate. The elec- 
tric spark appeared, and it must of necessity 
have existed and passed before the zinc and the 
copper were in contact, 

916. In order to render more distinct the 
principles which I have been endeavouring to 
establish, I will restate them in their simplest 
form, according to my present belief. The elec- 
tricity of the voltaic pile (856 note) is not de- 
pendent either in its cuigin or its continuance 
upon the contact of the metals with each other 
(880, 915). It IB entirely due to chemical action 
(882), and is proportionate in its intensity to 
(he intensity of the affinities concerned in its 
production (908); and in its quantity to the 
quantity of matter which has ^n chemically 
active during its evolution (869). This definite 
piroduction is again one of the strongest proofs 
that the electricity is of chemical origin. 

917. As soZto-eZectre-^enera/ion is a case of 

mere <hmical action, so voUa-electro-decompo- 
oUion is comply a case of the preponderance of 
ohe set (rf db^nical affinities more powerful in 
ihdbr nature, over another set which are less 
poimfful: and# the of two opposixig 

sets of such forces (891) be considered, and 
th^ mutual rdatidn and dependence borne in 
mind, fihere appears no' necessity for using, in 
rel9|»e<A to st^ cases, any other term than 
^£mcal affimty (themj^ that of electricity 

be convmdeht)i or supposing any 
to be concaned in produdng the re* 


CRilts; for we may consider that the powers at 
the two places of action are in direct commun- 
ion and balanced against each other throng 
the medium of the metals (891), PI. VII, Fig. 4, 
in a manner analogous to that in which me- 
chanical forces are balanced against each other 
by the intervention of the lever (1031). 

918. All the facts show us that that power 
commonly called chemical affinity, can be com- 
municated to a distance through the metals 
and certain forms of carbon; that the electric 
current is only another form of the forces of 
chemidlPaflfinity; that its i^wer is an propor- 
tion to the chemical affinities producing it; 
that when it is deficient in force rfc may be 
helped by calling in chemical aid, the want in 
the former being made up by an equivalent 
of the latter; that, in other words, forces 
termed chemical affinity and electricUy^ are one 
and the same. 

919. When the circumstances connected with 
the production of electricity in the ordinary 
voltaic circuit are examined and com])arcd, it 
appears that the source of that agent, always 
meaning the electricity which circulates and 
completes the current in the voltaic apparatus, 
and gives that apparatus power and character 
(947, 996), exists in the chemical action which 
takes place directly between the metal and the 
body with which it combines, and not at all in 
the subsequent action of the substance so pro- 
duced with the acid present.^ Thus, when zinc, 
platina, and dilute sulphuric acid are used, it is 
the union of the zinc with the oxygen of the 
water which determines the current; and though 
the acid is essential to the removal of the oxide 
so formed, in order that another portion of zinc 
may act on another portion of water, it does not, 
by combination with that oxide, produce any 
sensible portion of the current of electricity 
which circulates; for the quantity of electricity 
is dependent upon the quantity of zinc oxidized, 
and in definite proportion to it: its intensity is 
in proportion to the intensity of the chemical 
affinity of the zinc for the oxygen under the cir- 
cumsi^ces, and is scarcely, if at all, affected 
by the use of either strong or weak acid (908). 

920. Again, if zinc, platina, and muriatic 
acid are u^, the diectricity appeans to be de- 
pendent upon the afi^ty of the zinc for the 
chlorine, and to be circulated in exact propor- 
tion to the number of particles of zinc and 
chlorine which unite, being in fact an ^uiva- 
lent to them. 

iWolUmU>n,Pmo$o^iieal 
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921, But in oonmdering this oxidatiou, or 
other direct aotioix upon the metal itsdUf, ea 
the cause and source of the electric current, it 
is of the utmost importance to observe that ^e 
oxygen or other body must be in a peculiar con- 
dition, namely, in the state of comhinatim; and 
not only so, but limited still further to such a 
state of combination and in such proportions 
as will constitute an electrolyte (823), A pair of 
zinc and platina plates cannot be so arranged 
in oxygen gas as to produce a current of elec- 
tricity, or act as a voltaic circle, even though 
the temperature may be raised so high as to 
cause oxidation of the zinc far more rapidly 
than if the pair of plates were plunged into di- 
lute sulphuric acid; for the oxygen is not part 
of an electrolyte, and cannot therefore conduct 
the forces onwards by decomposition, or even 
as metals do by itself. Or if its gaseous state 
embarrass the minds of some, then liquid chlo- 
rine may be taken. It does not excite a current 
of electricity through the two plates by com- 
bining with the zinc, for its particles cannot 
transfer the electricity active at the point of 
combination across to the platina. It is not a 
conductor of itself, like the metals; nor is it an 
electrolyte, so as to be capable of conduction 
during decomposition, and hence there is sim- 
ple chemical action at the spot, and no electric 
current,^ 

922. It might at first be supposed that a con- 
ducting body not electrolytic might answer as 
the third substance between the zinc and the 
platina; and it is true that we have some such 
capable of exerting chemical action upon the 
metals. They must, however, be chosen from 
the metals themselves, for there are no bodies 
of this kind except those substances and char- 
coal. To decide the matter by experiment, I 
made the following arrangement. Melted tin 
was put into a glass tube bent into the form of 
theletterV (PL VII, so as to fill the half 
of each limb, and two pieces of thick platina 
wire, p, w, inserted, so as to have their ends im- 
men^ some depth in the tin: the whole was 
then allowed to cool, and the ends p and w 
connected with a ddicate galvanometer. The 
part of the tube at x was now reheated, whilst 

.xJ ^ mean to affiim that no traces ol eleoirio* 
xty ever ^pear in such Oases. What I mean is, that 
no ^ectrioity is evolved in any way, due or related 
to Uie causes whudi c^te voltaic eiectncity, or.pro- 
portionata to them. That which does appear occaa* 
i^onahy is possible fraction cn that wlueh 

the aothttinatter coulo produce if arranged spas to 
sot y<4t|doaUy, mro^ito aot.the one hundred ihiof- 
«wd%,or ew winiUidnr^ part» and is vary 


the portion y was retamed ood. The galvanom- 
eter immediately influenced by the ther- 
mo-eleetiie current produced. The heat was 
steadily increased at x, until at last the tin and 
platinacomluned there; aneffectwhiohisknown 
to take place with strong chemical action and 
high ignition; but not the slightest additional 
effect occurred at the galvanometer. No other 
deflection than that due to the thermo-electric 
current was observable the whole time. Hence, 
though a conductor, and one capable of exert- 
ing chemical action on the tin, was used, yet, not 
being an electrolyte^ not the slightest effect of 
an electrical current could be observed (947). 

923. From this it seems apparent tiiat the 
peculiar character and condition of an electro- 
lyte is eesmtial in one part of the voltaic cir- 
cuit; and its nature teing considered, good 
reasons appear why it and it alone should be 
effectual. An electrol 3 rte is always a compound 
body: it can conduct, but only whilst decom- 
posing. Its conduction depends upon its de- 
composition and the tranemieciov, of its parti- 
cles in directions parallel to the current; and so 
intimate is this connexion, that if their transi- 
tion be stopped, the current is stopped also; if 
their course be changed, its course and direc- 
tion change with them; if they proceed in one 
direction, it has no power to proceed in any 
other than a direction invariably dependent on 
them. The particles of an dectrolytic body are 
all so mutually connected, are in such relation 
with each other through their whole extent in 
the direction of the current, that if the last is 
not disposed of, the first is not at liberty to 
take up its place in the new combination which 
the powerful affinity of the most active metal 
tends to produce; and then the current itself is 
stopped; for the dependencies of the current 
and the decomposition are so mutual, that 
whichsoever be originally determined, Le., the 
motion of the particles or the motion of the 
current, the other is invariable in its concomi- 
tant pr^uotion and its rdation to it. 

924. Consider, then, water as an electrolyte 
and also as an oxkMng body. The aUraotion 
of tiie sine for the oxygen is greater, under the 
circumstances, than t^ of the oxygen for tite 
hydrogen; but in combming with it, it tmide to 
i^w into circulation a current of 

in a certain direction. This diicctmn bccstoMt- 
ent (as is foimd by innumerable 
with the trax&a&r of the hydrog^^ (he 
sine towfwds tibe platina, and tjto toewto to 
the oppegite ifirectiom of fresh {^ 1 x 1 ^ 

{datina towards the sine; so IBImt ibe 
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am pass in that one line, and, whilst it paBses, 
can consist with and favour the renewal of the 
conditions upon the surface of the zinc, which 
at first determined both the combination and 
circulation. Hence the continuance of the ac- 
tion there, and the continuation of the current. 
It therefore appears quite as essential that 
there should be an electrol 3 rte in the circuit, in 
order that the action may be transferred for- 
ward, in a certain constant direction^ as that 
there should be an oxidizing or other body capa- 
ble of acting directly on the metal; and it also 
appears to be essential that these two should 
merge into one, or that the prindple directly 
active on the metal by chemical action should 
be one of the ions of the electrolyte used. 
Whether the voltaic arrangement be excited 
by solution of acids, or alkalies, or sulphurets, 
or by fused substances (476), this principle has 
always hitherto, as far as I am aware, l^n an 
onion (943); and I anticipate, from a consider- 
ation of the principles of electric action, that it 
must of necessity be one of that class of bodies. 

925. If the action of the sulphuric acid used 
in the voltaic circuit be considered, it will be 
found incompetent to produce any sensible por- 
tion of the electricity of the current by its com- 
bination with the oxide formed, for this simple 
reason, it is deficient in a most essential condi- 
tion; it forms no part of an electrolyte, nor is it 
in relation with any other body present in the 
solution which will permit of the mutual trans- 
fer of the particles and tjhe consequent transfer 
of the electricity. It is true that, as the plane 
at which the acid is dissolving the oxide of zinc 
formed by the action of the water is in contact 
with the metal zinc, there seems no difficulty 
in considering how the oxide there could com- 
municate an electrical state, proportionate to 
its own chemical action on the acid, to the met- 
al, which is a conductor, without decomposi- 
tion. But on the side of the acid there is no 
substance to complete the circuit: the water, 
as water, cannot conduct it, or at least only so 
f^ftll a proportion that it is merely an incident- 
al and almost inappreciable effect (970); and 
it cannot conduct it as an electrolyte, because 
an electrolyte conducts in consequence of the 
mtdual rdation and action of its particles ; and 
nmther of the elements of the water, nor even 
tim water itself, as far as we can perceive, are 
ions with respek to the sulphuiic acid (848).^ 

i It will be Been that I here agree with Sir Hum- 
ility Bavy, who has esoerimentaily supported the 
' that acids and aUkalies in oombimng do not 

modnee any eurrent of tieotricity. Philosophieal 
mwBMtfiovis, isee, p. sos. 
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926. This view of the secondary character of 
the sulphuric acid as an agent in the produc- 
tion of the voltaic current, is further confirmed 
by the fact that the current generated and 
transmitted is directly and exactly propor- 
tional to the quantity of water decomposed 
and the quantity of zinc oxidized (868, 991), 
and is the same as that required to decompose 
the same quantity of water. As, therefore, the 
decomposition of the water shows that the 
electricity has passed by its means, there re- 
mains na other electricity to be accounted for 
or to be referred to any action other than that 
of the zinc and the water on each other. 

927. The general case (for it includes the for- 
mer one [924]), of acids and bases, li^ay theo- 
retically be stated in the following manner. Let 
a (PI. VII, Fig, 7), be supposed to be ^dry ox- 
acid, and b a dry base, in contact at c, and in 
electric communication at their extremities by 
plates of platina p p, and a platina wire w. If 
this acid and base were fluid, and combination 
took place at c, with an affinity ever so vigor- 
ous, and capable of originating an electric cur- 
rent, the current could not circulate in any im- 
portant degree; because, according to the ex- 
perimental results, neither a nor h could con- 
duct without being decomposed, for they are 
either electrolytes or else insulators, under all 
circumstances, except to very feeble and unim- 
portant currents (970, 986). Now the affinities 
at c are not such as tend to cause the dements 
either of a or 6 to separate, but only such as 
would make the two bodies combine together 
as a whole; the point of action is, therefore, in- 
sulated, the action itself local (921, 947), and 
no current can be formed. 

928. If the acid and base be dissolved in 
water, then it is possible that a small portion 
of the electricity due to chemical action may 
be conducted by the water without decompo- 
sition (966, 984) ; but the quantity will be so 
small as to be utterly disproportionate to that 
due to the equivalents of chemical force; will 
be merely incidental; and, as It does not in- 
volve the essential principles of the voltaic 
pile, it forms no part of the phenomena at pres- 
ent under investigation.^ 

929. If for the oxacid a hydracid be substi- 
tuted (927)— as one analogous to the muriatic, 

* It wHl I trust be fully understood that in these 
investigations I am not professing to take an aooount 
of every small, inoidental, or barely possible effect, 
d^ndmit upon slight disturbances of the electric 
finid during ohemioai action, but am seeking to dis- 
tinguish and identify tiiose aotiems On which "the 
power of the voltaic battery essentially dss>end8. 
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for instance*— tjben the state of things changes 
altogether, and a current due to the chemical 
action of the acid on the base is possible. But 
now both the bodies act as electrolytes, for it 
is only one principle of each which combine 
mutually — ^as, for instance, the chlorine with 
the metal— and the hydrogen of the acid and 
the oxygen of the base are ready to traverse 
with the chlorine of the acid and the metal of 
the base in conformity with the current and 
according to the general principles already so 
fully laid down. 

930. This view of the oxidation of the metal, 
or other direct chemical action upon it, being 
the sole cause of the production of the electric 
current in the ordinary voltaic pile, is sup- 
ported by the effects which take place when 
alkaline or sulphuretted solutions (931, 943) 
arc used for the electrolytic conductor instead 
of dilute sulphuric acid. It was in elucidation 
of this point that the experiments without me- 
tallic contact, and with solution of alkali as the 
exciting fluid, already referred to (884), were 
made. 

931. Advantage was then taken of the more 
favourable condition offered, when metallic 
contact is allowed (895), and the experiments 
upon the decomposition of bodies by a single 
pair of plates (899) were repeated, solution of 
caustic potassa being employed in the vessel v 
(PI, VII, Fig, S)y in place of dilute sulphuric 
acid. All the effects occurred as before: the gal- 
vanometer was deflected; the decompovsitions 
of the solutions of iodide of potassium, nitrate 
of silver, muiiatic acid, and sulphate of soda 
ensued at x; and the places where the evolved 
principles appeared, as well as the deflection of 
the galvanometer, indicated a current in the 
same direction as when acid was in the vessel v; 
i.e., from the zinc through the solution to the 
platina, and back by the galvanometer and 
substance suffering decomposition to the zinc. 

932. The similarity in the action of either 
dilute sulphuric acid or potassa goes indeed far 
beyond this, even to the proof of identity in 
quantity as well as in direction of the electricity 
produced. If a plate of amalgamated zinc be 
put into a solution of potassa, it is not sensibly 
acted upon; but if touched in the solution by a 
plate of platina, hydrogen is evolved on the 
surface of the latter metal, and the zinc is oxi- 
dized exactly as when immersed in dilute sul- 
phuric acid (863). I accordingly repeated the 
experiment before described with weighed 
plates of zme (864, &c.), using however solu- 


tion of potassa instead of dilute sulphuric acid. 
Although the time required was much longer 
than when acid was used, amounting to thm 
hours for the oxidizement of 7.55 grains of 
zinc, still I found that the hydrogen evolved 
at the platina plate was the equivalent of the 
metal oxidized at the surface of the zinc. Hence 
the whole of the reasoning which was applica- 
ble in the former instance applies also here, the 
current being in the same direction, and its 
decomposing effect in the same degree, as if 
acid instead of alkali had been used (868). 

933. The proof, therefore, appears to me com- 
plete that the combination of the acid with the 
oxide, in the former experiment, had nothing 
to do with the production of the electric cur- 
rent; for the same current is here produced 
when the action of the acid is absent, and the 
reverse action of an alkali is present. I think it 
cannot be supposed for a moment that the al- 
kali acted chemically as an acid to the oxide 
formed; on the contrary, our general chemical 
knowledge leads to the conclusion that the or- 
dinary metallic oxides act rather as acids to the 
alkalies; yet that kind of action would tend to 
give a reverse current in the present case, if 
any were due to the union of the oxide of the 
exciting metal with the body which combines 
with it. But instead of any variation of this 
sort, the direction of the electricity was con- 
stant, and its quantity also directly propor- 
tional to the water decomposed, or the zinc 
oxidized. There are reasons for believing that 
acids and alkalies, when in contact with metals 
upon which they cannot act directly, still have 
a power of influencing their attractions for 
oxygen (941) ; but all the effects in these experi- 
ments prove, I think, that it is the oxidation of 
the metal necessarily dependent upon, and as- 
sociated as it is with, the electrolyzation of the 
water (921, 923) that produces the current; 
and that the acid or allmli merely acts as sol- 
vents, and by removing the oxidized zinc, al- 
lows other portions to decompose fresh water, 
and so continues the evolution or determina- 
tion of the current. 

934. The experiments were then varied by 
using solution of ammonia instead of solutioa 
of potassa; and as it, when pure, is like water, 
a bad conductor (554), it was occasionaUy 
improved in that power by adding sulphate of 
ammonia to it. But in all the cases the results 
were the same as before ; decomp<!)sitiDn8 of the 
same kind were effected, and the electric cur- 
rent producing tiiese was in the same dii^on 
as in the experiments just dei^cribedt 
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In, onto to put tfae equal and dmilar 
action id ,md and alkali to stronger proofs 
arrangemcHUts were made as in PL VII, Fig. 8; 
the g^ass vessel A contained dilute sulphuric 
aeid, the corresponding glass vessel B solution 
of potassa, P P was a plate of platina dipping 
into l:x>th solutions, and Z Z two plates of amal* 
gmated zinc connected with a delicate gal- 
vanometer. When these were plunged at the 
same time into the two vessels, there was gen- 
erally a first feeble effect, and that in favour of 
the alkali, i.e., the electric curient tended to 
pass through the vessris in the direction of the 
arrow, bdng the reverse direction of that which 
the acid in A would have produced alone: but 
the effect instantly ceased, and the action of 
the plates in the vesseb was so equal, that, be- 
ing contrary because of the contrary position 
of the plates, no permanent current resulted. 

%6. Occasionally a zinc plate was substi- 
tuted for the plate P P, and platina plates for 
the {dates Z Z; but this caused no difference in 
the results: nor did a further change of the 
middle plate to copper produce any alteration. 

937. As the op{)osition of electro-motive pairs 
of plates produces results other than those due 
to the mere difference of their independent ac- 
tions (1011, 1045), I devised another form of 
ap{)aratus, in which the action of acid and 
alkali might be more directly compared. A cy- 
lindrical glass cup, about two inches deep with- 
in, an inch in internal diameter, and at least a 
quarter of an inch in thickness, was cut down 
themiddle into halves (PL VII, Fig. 9). A broad 
brass ring, larger in diameter than the cup, was 
supplied with a screw at onr^side; so that when 
the two halves of the cup were within the ring, 
and the screw was made to press tightly 
against the ^ass, the cup held any fiuid put 
into it. Bibulous paper of different degrees of 
permeability was then cut into piec% of such a 
rise as to be easily introduced between the 
loosened halves of the cup, and served, when 
the latter were tightwad again, to form a por- 
ous division down the middle of the cup, suffi- 
ci^t to keep any two fluids on opposite sides 
of the paper fromming^g, except very slowly, 
and ye^ allowing them to act freely as one 
dgctrolyle. The two r^^aces thus produced I will 
oall the A and B (PL VII, Fig. 10). This 
instrument I have fmind of most general appli- 
cation in the investigation of the relation of 
iftidds and metab amongst tiiemselves and to 
olher. By combining its use with that of 
it b easy to ascertain the 
lotion of cm metal with two fluids, or of two 
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metab with oneffuid, or of two metalsand Wo 
fluids u{)on each otW. 

938. Dilute sulphuric acid, Q). gp*. 1.25, was 
put into the cell A, and a strong solution of 
caustic potassa into the cell B; they mingled 
slowly through the paper, and at last a thick 
crust of sul{^te of potassa formed on the side 
of the paper next to the alkali. A plate of clean 
pbtina was put into each cell and connected 
with a delicate galvanometer, but no electric 
current could be observed. Hence the contact 6f 
acid with one platina plate, and alkali with the 
other, was unable to produce a current; nor 
was the combination of the acid with the alkali 
more effectual (925). 

939. When one of the pbtina plates v^s re- 
moved and a zinc plate substituted, either 
amalgamated or not, a strong electric cuWent 
was produced. But, whether the zinc were in 
the acid whibt the pbtina was in the alkaOi, or 
whether the reverse order were chosen, \(ihe 
electric current was always from the zinc 
through the electrolyte to the pbtina, and 
back through the galvanometer to the zmc, 
the current seeming to be strongest when the 
zinc was in the alkali and the pbtina in the acid. 

940. In these ex{)eriments, therefore, the acid 
seems to have no power over the alkali, but, to 
be rather inferior to it in force. Hence there is 
no reason to suppose that the combination of 
the oxide formM with the acid around it has 
any direct influence in producing the electric- 
ity evolved, the whole of which appears to be 
due to the oxidation of the metal (919). 

941. The alkali, in fact, is superior to the acid 
in bringing a metal into what is called the pos- 
itive state; for if plates of the same metal, as 
zinc, tin, lead, or copper, be used both in the 
acid or alkali, the electric current is from the 
alkali across the cell to the acid, and back 
tiirough the galvanometer to the alkali, as Sir 
Humphry Davy formerly stated.^ This current 
b so {)owerful, that if amalgamated zinc, or 
tin, or lead be used, the metal in the acid 
evolves hydrogen the moment it is placed in 
communication with that in the alkali, not 
from any direct action of the acid upon it, 
for if the contact be broken the action ceases, 
but because it b powerfully negative with 
regard to the in the aU^i. 

942. The superiority of alkali b further 
proved by this, that if zinc and tin be used, or 
tin and lead, whichsoever metal is put into the 
alkali becomes ix>sitive, that in the acid being 

1 Elementi of Chomital PhUoopphUt p. 149; or 
otophieal TranmcHoM, 1826, p. 401. 
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<&m; wliSd; tkit k '#ie fi€id ma^eicm k ^ 
mtftalfic statei, aa far ais the deetrk ekre&t is 
coneemed* 

943. When sulphuretted solutions are us^ 
(^0) m illustration of the assertion, that it is 
the chemioal action of the metal and one of the 
tons of the associated electrolyte that produces 
all the electridty of the voltaic circuit, the 
proofs are still the same. Thus, as Sir Humphry 
Davy ^ has shown, if iron and copper be plunged 
into dilute acid, the current is from the iron 
through the liquid to the copper; in solution of 
potassa it is m the same direction, but in solu* 
tion of sulphuret of potassa it is reversed. In 
the two firk cases it is oxygen which combines 
with the iron, in the latter sulphur which com- 
bines with the copper, that produces the elec- 
tric current; but both of these are tons, easting 
as such in the electrolyte, which is at the same 
moment suffering decomposition; and, what is 
more, both of these are antons, for they leave 
the electrol 3 rtes at their anodes, and act just as 
chlorine, iodine, or any other anion would act 
which might have been previously chosen as 
that which should be used to throw the voltaic 
circle into activity. 

944. The following experiments complete the 
seiks of proofs of the origin of the electricity in 
the voltaic pile. A fluid amalgam of potassium, 
containing not more than a hundredth of that 
metal, was put into pure water, and connected 
through the galvanometer with a plate of plat- 
ina in the same water. There was immediately 
an electric current from the amalgam through 
the electrol 3 rte to the platina. This must have 
been due to the oxidation only of the metal, f<nr 
there was neither acid nor alkali to combine 
with, or in any way act on, the body produced. 

945. Again, a plate of clean lead and a plate 
of platina were put into pure water. There was 
immediately a powerful current produced from 


duotbr k a sSkifle vbltcSc 
the moment wfa^ tneteUie contact is first com* 
pleted. H clearly undmittood, 1 feel nodotitolt 
would supply us with a direct key to tiiC ktm 
under which the great variety of ^taic excite^ 
ments, direct and incidental, occur, and opim 
out new fields of research for our investiga- 
tion.* 

947. We seem to have the power of dedding 
to a certain extent in numerous cases of di«ni^ 
cal alBBnity, (as of zinc with the oxygen of water, 
&c., Ac.) which of two modes of action of the at- 
tractive power shall be exerted (996). In the one 
mode we can transfer the power onwmds, and 
make it produce elsewhere its equivalent of 
action (867, 917) ; in the other, it is not trans- 
ferred, but exert^ wholly at the spot. The first 
is the case of voltarelectric excitation, the other 
ordinary chemical affinity: but both are chem- 
ical actions and due to one force or principle. 

948. The general circumstances of the former 
mode occur in all instances of voltaiccurrents, 
but may be considered as in their perfect con^ 
dition, and then free from those of the second 
mode, in some only of the cases; as in those of 
plates of zinc and platina in solution of potassa, 
or of amalgamate zinc and platina in dilute 
sulphuric acid. 

^9. Assuming it sufficiently proved, by the 
preceding experiments and considerations, that 
the electro-motive action depends, when zinc, 
platina, and dilute sulphuric acid are used, 
upon the mutual afiSnity of the metal zinc and 
the oxygen of the water (921, 924), it would 
appear that the metal, when alone, has not 
power enough, under the circumstances, to take 
the oxygen and expel the hydrogen from the 
water; for, in fact, no such action takes place. 
But it would also appear that it has power so 
far to act, by its attraction for the oxygen of 
the particles in contact with it, as to place the 
dmilar forces already active between these and 
the other particles of oxygen and the particles 


the lead through the fluid to the platina: it wfus 
even intense enough to decompose solution of 
the iodide of potassium when mtroduoed into 
the circuit in the form of apparatus idready de- 
scribed (880) (PI. VII, Fig. 1). Herenoactionof 
add oraUeaiion the oxide formed from the lead 
could euppiy the eleotricity : it was due sc^ly 
to the oxi^tiou of themet^. 

946. Ihere is no m eleotricid scknce 
wfakh seems to me of more importance titan 
tlmstate of the met^ and the d^trolytic eon- 

* Mewter p* 148. 


of hydrogen in the water, in a peculiar state of 
tension or polarity, and probably also at the 
same time to throw those of its own particles 
which arein contact with the water into a dm-' , 
ilar but opposed state. Whilst this state is 
tained, no further change occurs; but wheuK^ 
relieveidi, by completion of the circuit, k ; 

case the forces determked in oppodtefdiif^ 
tions, with respect to the zmc and 
lyte, are found exactly competent to neutinlik 


• la .eoimttdogik with this parld 
lexiaS XHI. 1621. Sbe.— i>so. 1888 
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mh. oth^, then a settesof deo(»apositions and 
feeampositions takes place amongst the parti- 
cles of oxygen and hydrogen constituting the 
water, between the place of contact with the 
platina and the place where the zinc is active; 
these intervening particles being evidently in 
close dependence upon and relation to each 
other. The zinc forms a direct compound with 
those particles of oxygen which were, previous- 
ly, in divided relation to both it and the hydro- 
gen: the oxide is removed by the acid, and a 
fresh surface of zinc is presented to the water, 
to renew and repeat the action. 

950. Practically, the state of tension is best 
relieved by dipping a metal which has less at- 
traction for oxygen than the zinc, into the dilute 
acid, and making it also touch the zinc. The 
force of chemical affinity, which has been in- 
fluenced or polarized in the particles of the 
water by the dominant attraction of the zinc 
for the oxygen, is then transferred, in a most 
extraordinary manner, through the two metals, 
so as to re-enter upon the circuit in the electro- 
lytic conductor, which, unlike the metals in 
that respect, cannot convey or transfer it with- 
out suffering decomposition; or rather, prob- 
ably, it is exactly balanced and neutralized by 
the force which at the same moment completes 
the combination of the zinc with the oxygen of 
the water. The forces, in fact, of the two parti- 
cles which are acting towards each other, and 
which are therefore in opposite directions, are 
the origin of the two opposite forces, or direc- 
tions of force, in the current. They are of neces- 
sity equivalent to each other. Being transferred 
forward in contrary directions, they produce 
what is called the voltaic current: and it seems 
to me impossible to resist the idea that it must 
be preceded by a state of tension in the fluid, 
and between the fluid and the zinc; the first 
consequence of the affinity of the zinc for the 
oxygen of the water. 

951. 1 have sought carefully for indications 
of a state of tension in the electrolytic conduc- 
tor ; and conceiving that it might produce some- 
thing like structure, either before or during its 
discharge, 1 endeavoured to make this evident 
by polmized light. A glass cell, seven inches 
one inch and a half wide, and six inches 
deep, had two sets of platina electrodes adapted 
to it, one set for the ends, and the other for the 
sides. Those for thesides were seven inches long 
l^.three inches high, and when in the ceil were 
separated by a little frame of wood covered 
eaUco; so that when made active by con- 
Aexbm with a battery upon any solution in the 


ceU, the bubbles of gas lising from them did 
not obscure the central parts of the liquid. 

952. A saturated solution of sulphate of soda 
was put into the cell, and the electrodes con- 
nected with a battery of 150 pairs of 4-inch 
plates: the current of ebctricity was conducted 
across the cell so freely that the discharge was 
as good as if a wire had been used. A ray of 
polarized light was then transmitted through 
this solution, directly across the course of the 
electric current, and examined by an analysing 
plate; but though it penetrated seven inches of 
solution thus subject to the action of the elec- 
tricity, and though contact was sometimes 
made, sometnhes broken, and occasicinally 
reversed during the observations, noi the 
slightest trace of action on the ray cou\d be 
perceived. 

953. The large electrodes were then removed, 
and others introduced which fitted the evm of 
the cell. In each a slit was cut, so as to allow 
the light to pass. The course of the polarized 
ray was now parallel to the current, or in the 
direction of its axis (517); but still no effect, 
under any circumstances of contact or dis- 
union, could be perceived upon it. 

954. A strong solution of nitrate of lead was 
employed instead of the sulphate of soda, but 
no effects could be detected. 

955. Thinking it possible that the discharge 
of the electric forces by the successive decom- 
positions and recompositions of the particles of 
the electrolyte might neutralize and therefore 
destroy any effect which the first state of ten- 
sion could by possibility produce, I took a sub- 
stance which, being an excellent electrolyte 
when fluid, was a perfect insulator when solid, 
namely, borate of lead, in the form of a glass 
plate, and connecting the sides and tlie edges 
of this mass with the metallic plates, sometimes 
in contact with the poles of a voltaic battery, 
and sometimes even with the electric machine, 
for the advantage of the much higher intensity 
then obtained, 1 passed a polarized ray across 
it in various directions, as before, but could not 
obtain the slightest appearance of action upon 
the light. Hence I conclude that notwithstand- 
ing the new and extraordinary state which must 
be assumed by an dectrolyte, either during de- 
compotition (when a most enormous quantity 
of electricity must be traversing it), or in the 
state of tension which is assum^ as preceding 
deoompositiom, and which might be. supposed 
to be retained in the solid form of the electro*' 
lyte, still it has no power of affecting a polar* 
i^ ray of light; for no kind of structure or 
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tenfidoin i»Ui in tihis way be rendmd evident* 

956. There ia, however, one beautiful experi- 
mental proof of a state of tension acquired by 
the metals and the electrolyte before the dectric 
current is produced, and before contact of the 
(Merent metals is niade (915) ; in fact, at that 
moment when chemical forces only are efficient 
as a cause of action. 1 took a voltaic apparatus, 
consisting of a single pair of large plates, name- 
ly, a cylinder of amalgamated zinc, and a double 
cylinder of copper. These were put into a jar 
containing dilute sulphuric acid,^ and could at 
pleasure be placed in metallic communication 
by a copper wire adjusted so as to dip at the 
extremities into two cups of mercury connected 
with the two plates. 

957. Being thus arranged, there was no chem- 
ical action whilst the plates were not connected. 
On making the connexion a. spark was ob- 
tained,* and the solution was immediately de- 
composed. On breaking it, the usual spark was 
obtained, and the decomposition ceased. In 
this case it is evident that the first spark must 
have occurred before metallic contact was 
made, for it passed through an interval of air; 
and also that it must have tended to pass 
before the electrolytic action began; for the 
latter could not take place until the current 
passed, and the current could not pass l^efore 
the spark appeared. Hence 1 think there is 
sufficient proof, that as it is the zinc and 
water which by their mutual action produce 
the electricity of this apparatus, so these, 
by their first contact with each other, were 
placed in a state of powerful tension (951), 
which, though it could not produce the actual 
decomposition of the water, was able to make a 
spark of electricity pass between the zinc and 
a fit discharger as soon as the interval was 
rendered sufficiently small. The experiment 
demonstrates the direct production of the 
electric spark from pure chemical forces. 

958. There are a few circumstances connected 
with the production of this spark by a single 
pair of plates, which should be known, to en- 
sure success to the experiment.* When the 

^ When nitro-sulphurio aoid is used, the spark is 
more powerful, but local chemical action can then 
cmnmence, and proceed without requiring metallic 
contact. 

* It has been universally supposed that no spark 
is produced on making the contact between a single 
pair of plates. 1 was led to expect one from the con- 
siderations already advanced in this paper. The wire 
of communication should be short; for with a long 
wtre^ droumstances strongly affeefing the spark are 
introduced. 

^See in re]|ition to precautions respecting a spark, 


amalgamated surfaces d contact arequ^d^ 
and dry, the spark, on making contad, is^Ujite 
as brilliant as on breaking it, if not even more 
so. When a film of oxide or dirt was present at 
either mercurial surface, then the first 
was often feeble, and often failed, the breaking 
spark, however, continuing very constant and 
bright. When a little water was put over the 
mercury, the spark was greatly ffiminished in 
brilliancy, but very regular both on making 
and brealdng contact. When the contact was 
made between cle&n platina, the spark was also 
very small, but regular both ways. The true 
electric spark is, in fact, very small, and when 
surfaces of mercury are used, it is the combus- 
tion of the metal which produces the greater 
part of the light. The circumstances connected 
with the burning of the mercury are most fa- 
vourable on breaking contact; for the act of 
separation exposes clean surfaces of metal, 
whereas, on making contact, a thin film of 
oxide, or soiling matter, often interferes. Hence 
the origin of the general opinion that it is only 
when the contact is broken that the spark 
passes. 

959. With reference to the other set of cases, 
namely, those of local action (947) in which 
chemical affinity being exerted causes no trans- 
ference of the power to a distance where no 
electric current is produced, it is evident that 
forces of the most intense kind must be active, 
and in some way balanced in their activity, 
during such combinations; these forces being 
directed so immediately and exclusively to- 
wards each other, that no signs of the powerful 
electric current they can produce become ap- 
parent, although the same final state of things 
is obtained as if that current had passed. It 
was Berzelius, I believe, who considered the 
heat and light evolved in cases of combustion 
as the consequences of this mode of exertion of 
the electric powers of the combining particles. 
But it will require a much more exact and ex- 
tensive knowledge of the nature of electricity, 
and the manner in which it is associated with 
the atoms of matter, before we can understand 
accurately the action of this power in th^ 
causing their union, or comprehend the natule 
of the great difference which it presents in 
two modes of action just distinguished. 'We 
may imagine, but such imaginations must tot 
the time be classed with the great tasase of 
doiAtfvl knowledge (876) which we ought rather 
to strive to diminish than to inereasO; totUb^ 
very extendve contradictions of Ihis knowledge 
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MO. Of the twQ modes of actioii io wimdi 
dtiemmi affimty is exerted, it is important to 
that which prodtioes die electric 
isurait define as that which causes ordi- 
iwy chemical combination; so that in exam- 
the production or evclvMon of electiidty 
icaees of combination or decomposition, it 
win be n^essary , not merely to observe certain 
effects dep^dent upon a current of electricity, 
but also their quantity : and though it may often 
happen that the forces concerned in any par- 
tioular case of chemical action may be pakly 
exerted in one mode and partly in the other, it 
is only those which are efficient in producing 
the euirent that have any relation to voltaic 
action. Thus, in the combination of oxyg^ 
and hydrogen to produce water, electric powers 
to*a most enormous amount are for the time 
active (861, 873) ; but any mode of examining 
the Same which they form during energetic 
combination, which has as yet been devised, 
bad given but the feeblest traces. These there- 
fore may not, cannot, be taken as evidences of 
tiie nature of the action; but are merely inci- 
dental results, incomparably small in relation 
to the forces concerned, and supplying no in- 
fpnnation of the way in which the particles are 
active on each other, or in which their forces 
are finally arranged. 

061. That 8u<h cases of chemical action pro- 
duce no current of eUdridty^ is perfectly con- 
sis^t with what we know of the voltaic appa- 
ratus, in which it is essential that one of the 
eomtnning elements shall form part of, or be in 
direct rriation vdth, an electrolytio conductor 
{021, 823), That such cases produce no free 
Cjf tension, and that when they are 
epmyert^ into cases of voltaic action they pro- 
fit a euirent in which the opposite forces are 
fo equal as to neutralise each oth^, prove the 
of the forces in the opposed acting 
pairridiesiof matter, mid therefore the equality 
power in those quantities of matter 
are called el 0 ctro<hmicdl equivalents 
Bence another proof of the dc^te sa- 
tuee of^eleohroH^^ action (783, d;c.), and 
affinity imd electricity are forms 
1 ^; the same power <IM7^ Ac.}. 

! 962* The diiect, reference of the effects pith 
, ^imed the voltaic pile at the place of experi- 

:pseidal4e(»]]Eqx»H^ the chemical affiniries 
eative at the place of excitation (891, 917), 
a very simple and natural view of the 
; to 1788^ eta Sate 


why the^ W (dr mAmi peiw ih 
certain diredmns; for itistmly when they psee 
m those dii^tfons that their forces can con^ 
with and compensate (in direction at least) the 
superior forces which aredominant at the place 
where the action of the whole is detennined. 
If, for instance, in a voltaic circuit, the activity 
of which is determined by the attraction of 
zinc for the oxygen of water, the zinc move 
from right to left, then any other cation in- 
cluded in the circuit, being part of an electro- 
l 3 rte, or forming part of it at the moment, will 
also move from right to left: and as the oxygen 
of the water, by its natural affinity for the zinc, 
moves from left to right, so any olher body of 
the same class with it (i.e., any other mion), 
under its government for the time, willynove 
from left to right. 

963. This I may illustrate by reference PL 
VII, Fig, 11, the double circle of which Wy 
represent a complete voltaic circuit, the du^c- 
tion of its forces being determined by suppos- 
ing for a moment the zinc h and the platina c as 
representing plates of those metals acting upon 
water, d, e, and other substances, but having 
their energy exalted so as to effect several de- 
compositions by the use of a battery at a (989). 
This supposition may be allowed, because the 
action in the battery will only consist of repeti- 
tions of what would take place between b and 
c, if they really constituted but a single pair. 
The zinc h, and the oxygen d, by their mutual 
affinity, tend to unite; but as the oxygen is 
already in association with the hydrogen e, and 
has its inherent chemical or electric pow^s 
neutralized for the time by those of the latter, 
the hydrogen e must leave the ozyg^ d, and 
advance in the direction of the arrow head, or 
else the zinc b cannot move in the same dii^-^ 
tion to unite to the oxygen d, nor the oxygen d 
move in the contrary direction to unite to the 
zinc 6, the relation of the similar forces of b and 

e, in contrary directions, to the opposite forces 
of d being the preventive. As the hydrogen e 
advances, it, on coming against the platina c, 

f, which forms a part of the circuit, eommuni- 
cates its electric or chemical forces throu^ it 
to tSie next electrolyte in the circuit, ^ed 
chloride of lead, y, h, where the chlorine innst 
move in conformity with the direction of t^e 
o^gen at d, for it ito to compensate the forces 
disturbed in its part of the circuit by the su^ 
riorinflueneO of those between the oxyfefi|fto4 
suic at d, i, sided as they are by those of the 
battory q; apd for a similar reason toe lead 
must move in toe direc^tioh pointed out % ^ 



arrow lieadt that it be in lig^t relation to 

thefirst moving body of its own class, namdy, 
the tine 6. H cot>per intervene in the dreuit 
from t to ky it nets as the platina did before; 
and if anotW dectrolyte, as the iodide of tin, 
occur at f, m, th^ the iodine {/being an anion, 
must move in conformity with the exciting 
anion, namely, the oxygen d, and the eation tin 
m move in correspondence with the oth» eaJtr 
ions b, e, and h, that the chemical forces may 
be in equilibrium as to their direction' and 
quantity throughout the circuit. Should it so 
l^ppen that the anions in their circulation can 
combine with the metals at the anodes of the 
respective electrolytes, as would be the case at 
the platina/ and the copper k, then those bod- 
ies becoming parts of electrolytes, under the 
influence of the current, immediately travel; 
but considering their relation to the zinc h, it is 
evidently impossible that they can travel in 
any other direction than what will accord with 
its course, and therefore can never tend to pass 
otherwise than from the anode and to the 
cathode. 

964. In such a circle as that delineated, there- 
fore, all the known anions may be grouped 
within, and all the cations without. If any num- 
ber of them enter as ione into the constitution 
of electrolytes, and, forming one circuit, are si- 
multaneously subject to one common current, 
the anions must move in accordance with each 


bifuUi&no*^ This stateuseat I bdievetb^lM^tiej 
but in adndttiUg and suppoiting it, I ndiust 
guard myself from being supposed to assehife 
all that is associated with it in the two pap^ 
referred to, or as admitting the experiments 
which are there quoted as decided proofs of tiie 
truth of the principle. Had I thought them so, 
there would have been no occasion for this ixt* 
vestigation. It may be supposed by some that 
I ought to go through these papers, disitin-* 
guishing what I admit from what 1 reject, and 
giving good experimental or philosophical 
reasons for the judgment in both cases. But 
then I should be equally bound to review, 
for the same purpose, all that has been writ- 
ten both for and against the necessity of 
metallic contact — ^for and against the origin 
of voltaic electricity in chemical action-^ 
duty which I may not undertake in the present 
paper.* 

% u. On the Intensity Necessary for Electro- 
lyzoAion 

966. It became requisite, for the compreheiH 
sion of many of the conditions attending vol- 
taic action, to determine positively, if possible, 
whether electrolytes could resist tlie action of 
an electric current when beneath a certain in- 
tensity? whether the intensity at which tibe 
current ceased to act would be the same for a& 


other in one direction, and the cations in the 
other. Nay, more than that, equivalent por- 
tions of these bodies must so advance in oppo- 
site directions: for the advance of every 32.5 
parts of the zinc h must be accompanied by a 
motion in the opposite direction of 8 parts of 
oxygen at d, of 36 parts of chlorine at g, of 126 
parts of iodine at {; and in the same direction 
by electro-chemical equivalents of hydrogen, 
lead, copper and tin, at e, h, k, and m. 

965. If the present paper be accepted as a 
correct expression of facts, it will still only 


bodies? and also whether the electrolytes thus 
resisting decomposition would conduct the 
dectric current as a metal does, after they 
cease to conduct as electrolytes, or would act 
as perfect insulators? 

W7. It was evident from the experiments 
described (904, 906) that different b^ies were 
decomposed with very different facilities, arui 
apparently that they required for their decorh- 
position currents of different intensities, read- 
ing some, but giving way to others. But it WMi 
n^dfui, by very careful and express exp^- 
ments, to determine whether a current could 


prove a confirmation of certain general views 
put forth by Sir Humphry Davy in his Bakerian 
Ldeture for 1806,^ and revised and re-stated 
by him in another Bakerian Lecture, on elec- 
trical and (Chemical changes^ for the year 1826.* 
His statement is, that chemical and 

dectrifxd were produced by the earn 

cause, Ming inonecaseon partides, in the other 
onniiases,ofriiaiter;4md1hatthesca^ 
tmSetdifferini rmd^Miene, was theemmofM 
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really pass through and yet not decompose^^ . 
< electrolyte ^910). 

• IW., 18S6,p.889. 

« I at erne, time intended to introduce, here, 
form of a note, a table of reference to the pa]a0ts.;|^ 
lihe differ^t philosopbere who have referri^i^ew 
gin of the electrioity in the voltaic pile tCiCCan|i^^ 
to ohemioiu action, or to bolh; buton t^ 
of the first volume of M. Beequerel'e import 

tant and valuable TraiU de VEleetr%oitisf,du Jffased-, 
tisme, 1 thought it far better to refer to that work lor 
these Telerenoee, and the views held by the autbore 
Quoted. 8lee pages 86, 91. 104. Ua ISS. 117; 1^8. 
130, 151, 152. 224, 327. 228. 232, 288, 282, 256, 257. 
268, 290, &o.—Jujbr 8rd. 1834. 
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96& Ajel amoigeaineQt (PI. VII, Fig. 12) wab 
made, in which two glass vessels contained the 
aame dilute sulphuric acid, sp. gr. 1.25. The 
plate t was amalgamated sine, in connexion, 
by a idatina wire a, with the platina plate e; h 
was a platina wire connecting the two platina 
plates P P'; c was a platina wire connected 
with the platina plate P'\ On the plate e was 
placed a piece of paper moistened in solution of 
iodide of potassium: the wire c was so curved 
that its end could be made to rest at pleasure 
on this paper, and show, by the evolution of 
iodine there, whether a current was passing; 
or, being placed in the dotted position, it 
formed a direct communication with the plat- 
ina plate e, and the electricity could pass with- 
out causing decomposition. The object was to 
produce a current by the action of the acid on 
tho.amalgamated zinc in the first vessel A; to 
pass it through the acid in the second vessel B 
by platina electrodes, that its power of decom- 
posing water might, if existing, be observed; 
and to verify the existence of the current at 
pleasure, by decomposition at e, without in- 
volving the continual obstruction to the current 
which would arise from making the decomposi- 
tion there constant. The experiment, being ar- 
ranged, was examined and the existence of a 
current ascertained by the decomposition at e; 
the whole was then left with the end of the 
wire c resting on the plate e, so as to form a 
constant metallic conuuunication there. 

969. After several hours, the end of the wire 
e was replaced on the test-paper at e: decom- 
position occurred, and the proof of a passing 
current was therefore compete. The current 
was very feeble compared to what it had been 
at the beginning of the experiment, because of 
a peculiar state acquired by the metal surfaces 
in the second vessel, which caused them to 
oppose the passing current by a force which 
possess under these circumstances (1040). 
Still it was proved, by the decomposition, that 
this state of the plates in the second vessel was 
not able entirely to stop the current deter- 
mined in the first, and that was all that was 
needful to be ascertained in the present inquiry. 

, 970. This apparatus was examined from time 
to time, md aa deetric current always found 
drcidating through it, until twelve days had 
dapsed, during which the water in the second 
vessel bad been eonstantly subject to its ac- 
Notwithstanding this lengthened period, 
ndb die slightest appearance of a bubble upon 
of the plates hi that vessel oocur^« 
pte#e results of (he mq^eriment, I conclude 


ihata current had passed, but of so low an in^ 
tendty as to fall breath that degree at which 
the dements of water, unaided by any second- 
ary force resulting from the capability of com- 
bination with the matter of the electrodes, or 
of the liquid surrounding them, separated from 
each other. 

971. It may be supposed, that the oxygen 
and hydrogen had been evolved in such small 
quantities as to have entirely dissolved in the 
water, and finally to have escaped at the sur- 
face, or to have reunited into water. That the 
hydrogen can be so dissolved was shown in the 
first vessel; for^after several days minute, bub- 
bles of gas gradually appeared upon a glass rod, 
inserted to retain the zinc and platina ^art, 
and also upon the platina plate itself, and these 
were hydrogen. They resulted principals in 
this way: notwithstanding the amalgamaifcion 
of the zinc, the acid exerted a little direct 
tion upon it, so that a small stream of hydrogen 
bubbles was continually rising from its surface; 
a little of this hydrogen gradually dissolved in 
the dilute acid, and was in part set free against 
the surfaces of the rod and the plate, according 
to the well-known action of such solid bodies in 
solutions of gases (623, <&c.). 

972. But if the gases had been evolved in the 
second vessel by the decomposition of water, 
and had tended to dissolve, still there would 
have been every reason to expect that a few 
bubbles should have appeared on the electrodes, 
especially on the negative one, if it were only 
because of its action as a nucleus on the solu- 
tion supposed to be formed; but none appeared 
even after twelve days. 

973. When a few drops only of nitric acid 
were added to the vessel A (PI. VII, Fig. 12), 
then the results were altogether different. In 
less than five minutes bubbles of gas appeared 
on the plates F' and in the second vessel. 
To prove that this was the effect of the electric 
current (which by trial at e was found at the 
same time to be pas^ng), the connexion at e 
was broken, the plat^ P' P" cleared from bub- 
bles and left in the acid of the vessel B, for 
fifteen minutes: during that time no bubbles 
appeared upon them; but on restoring the com- 
munication at e, a nunute did not elapse before 
gas appeared in bubbles upon the plates. The 
proof, therefore, is most full and complete, that 
the current excited by dilute sulphuric acid 
with a little nitric acid in vessel A, has inten- 
sity enough to overcame the chemical afi^nity 
exerted between the oxygen and hydrogen of 
the water in the vessel B, whilst that excited 
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by dilate fitdphurio eoid done has mt saffident 
intensity. 

974. On using a strong solution of caustic 
potassa in the vessel A, to excite the current, it 
was found by the decomposing effects at c, that 
the current passed. But it had not intensity 
enough to decompose the water in the vessel B; 
for though left for fourteen days, during the 
whole of which time the current was found to 
be passing, still not the slightest appearance of 
gas appeared on the plates P' P", nor any other 
signs of the water having suffered decomposi- 
tion. 

975. Sulphate of soda in solution was then 
experimented with, for the purpose of ascer- 
taining with respect to it, whether a certain 
electrolytic intensity was also required for its 
decomposition in this state, in analogy with 
the result established with regard to water 
(974). The apparatus was arranged as in Pi. 
VII, Fig. 13; P and Z are the platina and zinc 
plates dipping into a solution of common salt; 
a and h are platina plates connected by wires 
of platina (except in the galvanometer g) with 
P and Z; c is a connecting wire of platina, the 
ends of which can be made to rest either on the 
plates a, 6, or on the papers moistened in solu- 
tions which are placed upon them; so that the 
passage of the current without decomposition, 
or with one or two decompositions, was under 
ready command, as far as arrangement was 
concerned. In order to change the anodes and 
cathodes at the places of decomposition, the 
form of apparatus (PI. VII, Fig. 14) was occa^ 
sionally adopted. Here only one platina plate, 
c, was used; both pieces of paper on which de- 
composition was to be effected were placed 
upon it, the wires from P and Z resting upon 
these pieces of paper, or upon the plate c, ac- 
cording as the current with or without decom- 
position of the solutions was required. 

976. On placing solution of iodide of potas- 
sium in paper at one of the decomposing local- 
ities, and solution of sulphate of soda at the 
other, so that the electric current should pass 
through both at once, the solution of iodide 
was slowly decomposed, yielding iodine at the 
anode and alkali at the cathode; but the solu- 
tion of sulphate of soda exhibited no signs of 
decomposition, neither acid nor alkali being 
evolved from it. On placing the wires so that 
the iodide al<me was subject to the action of 
the current (900), it was quickly and powerful- 
ly decomposed ; but on arranging them so that 
&e sulphate of soda alone was subject to ac- 
tkiui it still refused to yidd up its datnents. 


Finally, the apparatiis was so arranged under 
a wet bdl-gla^, that it could be left for twelve 
hours, the current passing during the whole 
time through a solution of sulphate of soda, re- 
tained in its place by only two thicknesses of 
bibulous litmus and turmeric paper. At the 
end of that time it was ascertained by the de- 
composition of iodide of potassium at the sec- 
ond place of action, that the current was pass- 
ing and had passed for the twelve hours, and 
yet no trace of acid or alkali from the sulphate 
of soda appeared. 

977. From these experiments it may, I think, 
be concluded, that a solution of sulphate of 
soda can conduct a current of electricity, whidi 
is unable to decompose the neutral salt pres- 
ent; that this salt in the state of solution, like 
water, requires a certain electrolytic intensity 
for its decomposition; and that the necessary 
intensity is much higher for this substance than 
for the iodide of potassium in a similar state of 
solution. 

978. 1 then experimented on bodies rendered 
decomposable by fusion, and first on chloride 
of lead. The current was excited by dilute sul- 
phuric acid without any nitric acid between 
zinc and platina plates (PI. VII, Fig. 16), and 
was then made to traverse a little chloride of 
lead fused upon glass at a, a paper moistened 
in solution of iodide of potassium at 5, and a 
galvanometer at g. The metallic terminations 
at a and b were of platina. Being thus arranged, 
the decomposition at b and the defiection at g 
showed that an electric current was passing, 
but there was no appearance of decomposition 
at a, not even after a metcdMc communication 
at b was established. The experiment was re- 
peated several times, and I am led to conclude 
that in this case the current has not intensity 
sufficient to cause the decomposition of the 
chloride of lead; and further, that, like water 
(974), fused chloride of lead can conduct an 
dectric current having an intensity below that 
required to effect decomposition. 

979. Chloride of sxker was then placed at a, 
Fig. 16, instead of chloride of lead. There was 
a very ready decomposition of the solution of 
iodide of potassium at 5, and when metaUic 
contact was made there, very considerable de- 
flection of the galvanometer needle eX g. 

ina also appeared to be dissolved at the aiaode 
of the fused chloride at a, and there was every 
appearance of a decomposition having been 
fected there. 

980. A further proof of decompodtion was 
obtained in the following maimer, the |riatina 
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tile {aged ohloridg at u were brou^t 
-mf near ilogether (metallie contact having 
been establiai^ at 6)» and left so; the deBeo- 
tbn at thegalvanometo indicated the pussage 
of a enrr^ty feeble in its force, but constant. 
4fter a minute or two, however, the needle 
woidd suddenly be violently aSect^, and indi^ 
cate a current as strong as if metallic contact 
had taken place at a. This I actually found to 
be the case, for the silver reduced by the action 
of the current crystallised in long delicate spic- 
ulss, and these at last complete the metallic 
eommunication; and at the same time that 
they transnitted a more powerful current than 
the fused chloride, they proved that dectro- 
chemical decomposition of that chloride had 
bemi going on. Hence it appears, that the cur- 
rent excited by dilute sulphuric acid between 
and platina, has an intensity above that 
required to electrolyze the fused chloride of sil- 
ver when placed between platina electrodes, al- 
^ough it has not intensity enough to decompose 
chlo^e of lead under the same circumstances. 

961. A drop of water placed at a instead of 
the fused chloridesi showed as in the former 
esse (970), that it could conduct a current un- 
gble to decompose it, for decomposition of the 
lK>lution of iodide at 6 occurred after some time. 
But its conducting power was much below that 
of the fused chloride of lead (978). 

, 982. Fused nitre at a conducted much better 
than water: 1 was unable to decide with cer- 
tainty whether it was electrolyzed, but I in- 
cline to think not, for there was no discolora- 
timi against the platina at the caJthode, If sul- 
l^io-nitric acid had been umd in the exciting 
vessel, both the nitre and the chloride of lead 
Wptdd have suffered deemnposition like the 
water (906). 

, 983. The results thus obtained of conductiem 
without decomposition, and the necessity of a 
Wgrtam electrdj^ic intensity for the separatim 
of ^e mas of cMerent electrolytes, are imme- 
^tety connected with the experimoits and 
Ipwdts given in § IQ of the Fourth Series of 
<418, 423, 444, 449). But it 
11 ^ require a more knowl^ge of the nar 
tatooi intenidty, both as regards the first origin 
of theelecimc onz^ aleo the maimer in 
wliich it may be^reduc^, or lowered by the in- 
lerventioanf icmgWP or i^orter portions of bad 
ie^uctors, whe^^ decomposable or not, be^ 
thdr rdation can be minutely and fully 

• the case of water, the eiqperiments 1 

jMeipyet made, appear to idiotr that, when 


the dedbric cmwawtis rieidbioed in 
low the point required for decompodti|mi tb^ 
tibe d^ree of oo^uction is the same wheth^ 
sulphuric acid, or any other of the many bodies 
which can affect its transferring power as an 
electrolsrte, are present or not. Or, in other 
words, that the necessary electrolytic intenaty 
for water is the smne whether it be pure, or 
rendered a better conductor by the edition (rf 
these substances; and that for currents of less 
intensity than this, the water, whether pure or 
acidulated, has equal conducting power. An 
apparatus (PI. VII, Fi^, I e), was arranged with 
dilute sulphuric acid in the vessel A, and pure 
distilled waleV in the vessel B. By the decom- 
position at €, it appeared as if water waa a hath 
ter conductor than dilute sulphuric aciduor a 
current of such low intensity as to cause im de- 
composition. I am inclined, however, to amrib- 
ute this apparent superiority of wat^ to Wri- 
ations in that peculiar condition of the platina 
diectrodes which is referred to farther on in 
this Series (1040), and which is assumed, as far 
as I can judge, to a greater degree in dilute 
sulphuric acid than in pure water. The power 
therefore, of acids, all^ies, salts, and other 
bodies in solution, to increase conducting 
power, appears to hold good only in those ci^ 
where the electrol 3 rte subject to the current 
suffers decomposition, and loses all influence 
when the current transmitted has too low an 
intensity to affect chemical change. It is prob- 
able that the ordinary conducting power of an 
electrolyte in the solid state (419) is the same 
as that which it possesses in Ihe fluid state for 
currents, the tension of which is beneath the 
due electrolytic intensity. 

985. Currents of electricity, produced by less 
than eight or ten series of voltaic elements, can 
be reduced to that intensity at which wator 
can conduct them without suffering decompo- 
sition, by causing them to pass through three 
or four vessels in which water shall be succes- 
aively intexposed between platina surfaces. The 
principles iA interference upon which this ef- 
fect depends, will be describkl hereafter (1009, 
1018), but the effect may be useful in obtain- 
xng currents of standard intensity , and is prob- 
ably applicable to batteries of any number of 
pairs of plates. 

986. As there appears ev^ reason to expeiot 
that all eleetrd]^ will be found subjeat to 
the law whioh rs^nires an electric cuirmit ritf a 
certain intenrnty; foir their decomposition, b^t 
that they will from each otlm in the 4^ 
gree of intaonty lequizedi it will be dsshwi^ 





hereafter to arrax^ thm 'in a table, 9ti the or- 
der of thdr dectrolytic intdisitiea. Investigar 
tions OQ this point must, however, be very 
mudi extended and include many more' bodies 
than have bedi here mentioned before such a 
table can be constructed. It wiU be especially 
needful in such experiments, to describe the 
nature of the electrodes used, or, if possible, to 
select such as, like platina or plumtmgo in cer- 
tain cases, shdl have no power of assisting the 
separation of the ions to be evolved (913). 

987. Of the two modes in which bodies can 
transmit the electric forces, namely, that which 
is so characteristically exhibited by the metals, 
and usually called conduction, and that in which 
it is accompanied by decomposition, the first 
appears common to all bodies, although it oc- 
curs with almost infinite degrees of difference; 
the second is at present distinctive of the elec- 
trolytes. It is, however, just possible that it 
may h^eafter be extended to the metals; for 
their power of conducting without decompo- 
sition may, perhaps justly, be ascribed to their 
requiring a very high electrolytic intensity for 
their decomposition. 

9873^. The establishment of the principle 
that a certain electrolytic intensity is neces- 
sary before decomposition can be effected, is of 
great importance to all those considerations 
which arise regarding the probable effects of 
weak currents, such for instance as those pro- 
duced by natural thermo-electricity, or natural 
voltaic arrangements in the earth. For to pro- 
duce an effect of decomposition or of combina- 
tion, a current must not only exist, but have a 
certain intensity before it can overcome the 
quiescent affinities opposed to it, otherwise it 
will be conducted, producing no permanent 
chemical effects. On the other hand, the prin- 
ciples are also now evident by which an oppos- 
ing action can be so weakened, by the juxta- 
position of bodies not having quite affinity 
enough to cause direct action between them 
(913), tiiait a very weak current shall be aHe 
to raise the sum of actions sufficiently high* 
and cause chemical dianges to occur. 

9^. In c<mcluding this division on the vhstenr 
sity necessary far MedrolytalUon, 1 cannot re&Sst 
pointing out following remarkable conclu- 
sion in rdatimi tointemfity generally. It Would 
appear that when a v<dtaic cteentispt^Uced, 
havhig a certain intenmtyi dependent uj^n the 
stren^ of the chemick affinitiee by w^oh 
that current b excited (916), it can decompose 
a particular eleetrolyte without relation to the 
quantity Of dectn^ty passed, the tnbnsfiy de- 


notl ZFIhit conclusion be confirmed, 
may arta^ cbctunstances so that 

of dectricily m pass -in the 
time, in at the same sutface, into the sam ^ 
composing body in the sdme stgte, and yet, dif- 
fering m inteiisity, wilt decompose in one ecuk 
and in the other not: for taking a source of too 
low an intensity to decompose, and ascertain- 
ing the quantity passed in a given time, it b 
easy to take another source having a sufficient 
intensity, and reducing the quantity of deo- 
tricity from it by the intervention of bad con- 
ductors to the same proportion as the fbrmet 
current, and then all the conditions will be fid- 
filled which are required to produce tite result 
described. 

If iii. On Associated Voltaic Cirdes, or dps Flrf- 
taic Battery 

989. Passing from the consideration of single 
circles (875, &c.) to their association in the vd- 
taic battery, it b a very evident consequence 
that if matters are so arranged that two sStS of 
affinities, in place of being opposed to each 
other as in PL VII, Figs. Jf, 4 (880, 891), are 
made to act in conformity, then, instead of 
either interfering with the other, it will rai^her 
assist it. This b simply the case of two voltaic 
pairs of metals arranged so as to form one cir- 
cuit. In such arrangements the activity of 
whole is known to be increased, and when te^ 
or a hundred, or any larger number of such al*- 
ternations are placed in conformable assOcia^ 
tion with each other, the power of the whole be- 
comes proportionably exalted, and we obta^ 
that magnificent instrument of philo^pMc 
research, the voUaic battery. 

990. But it is evident from the principles of 
definiteaction already laid down that the qmnr 
tity of electricity in the current cannot ^' in- 
creased with the increase of the quantity of ma^ 
of oxidized and dissolved at eac^ new place of 
chemical action; A single pair of zinb and ptai- 
ina plates thiows as much electricity into fibie 
form of a current, by the oxidation of 
grains of the zinc (868) as would be dicula^^ 
by the same alteration of a thousand tBM-. 
t^t quantity, or nearly five pounds qf 
oxidii^ at ^ surface of the zinc pbW a 
thousand pairs placed in regular battery 

For it b evident, that thcelectricity whicb'psU^ 
es across the acid from the zinc to the pbitiaa 
in the first cell, and which has been associated 
with, or even evolved by, the deooiUiiontion ol 
a ddfifilb of water 
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PM {rom Ibd sine to the platina aerop 
9i(M hi theeeoond cell, without the decoippoei*^ 
tioo of the same quantity of water there, and 
Ihe oxidation of the same quantity of zinc by 
it (924, 949). The same result recurs in every 
other cell; the electro-chemical equivalent of 
water must be decomposed in each, before the 
current can pass through it ; for the quantity of 
decMcity passed and the quantity of electro^ 
lyte decomposed, must be the equivalents of 
each other. The action in each cell, therefore, 
is not to increase the quantity set in motion in 
eny one cell, but to aid in urging forward that 
quantity, the passing of which is consistent 
with the oxidation of its own zinc; and in this 
way it exalts that peculiar property of the cur- 
rent which we endeavour to express by the 
term intensity ^ without increasing the quantity 
l^ond that which is proportionate to the quan- 
tity of zinc oxidized in any single cell of the 
series. 

991* To prove this, I arranged ten pairs of 
amalgamatkl zinc and platina plates with di- 
lute sulphuric acid in the form of a battery. On 
completing the circuit, all the pairs acted and 
evolved gas at the surfaces of the platina. This 
was collected and found to be alike in quantity 
for each plate; and the quantity of hydrogen 
evolved at any one platina plate was in the 
same proportion to the quantity of metal dis- 
sdved from any one zinc plate, as was given in 
the experiment with a single pair (864, &c.). It 
was therefore certain, that, just as much elec- 
tricity and no more had passed through the 
series of ten pair of plates as had passed through, 
or would have been put h|to motion by, any 
single pair, notwithst^ding that ten times the 
quantity of zinc had been consumed. 

992« This truth has been proved also long 
SgQ in another way, by the action of the evolved 
eurrqnt on a magnetic needle; the deflecting 
power of one pair of plates in a battery being 
0qui4 to the deflecting power of the whole, 
provided the wires used sufficiently large to 
carry Ae current of the single pair freely; but 
tiie came of this equality of action could not be 
wderatood whilst the definite action and evo- 
fo^tiem of ^tridty (783, 869) remained un- 
lcnown< 

993. The supmor decomposing power of a 
bilTtery over a siii^e pair of plates is rendered 
^dilent in two ways. Electrolytes held togetb^ 

by sn affinity so i^rong as to resist the ac^ 
of the current from a angle pair, yield up 
dements to the current excited by many 
that body which is decomposed by 


the action of one or of few pairs of metals, Ac., 
is resolved into its ions the more readily as it 
is acted upon by electricity urged forward by 
many alternations. 

994. Both these eSects are, I think, easily 
understood. Whatever intensity may be, (and 
that must of course depend upon the nature of 
electricity, whether it consist of a fluid or flu- 
ids, or of vibrations of an ether, or any other 
kind or condition of matter), there seems to be 
no difficulty in comprehending that the degree 
of intensity at which a current of electricity is 
evolved by a first voltaic element shall be in- 
creased when that current is subjected, to the 
action of a Second voltaic element, acting in 
conformity and possessing equal powers with 
the first: and as the decompositions are merely 
opposed actions, but exactly of the sam4 kind 
as those which generate the current (9^7), it 
seems to be a natural consequence, that the af- 
finity which can resist the force of a single de- 
composing action may be unable to oppose the 
energies of many decomposing actions, oper- 
ating conjointly, as in the voltaic battery. 

995. That a body which can give way to a 
current of feeble intensity should give way 
more freely to one of stronger force, and yet 
involve no contradiction to the law of definite 
electrolytic action, is perfectly consistent. All 
the facts and also the theory I have ventured 
to put forth tend to show that the act of de- 
composition opposes a certain force to the pas- 
sage of the electric current; and, that this ob- 
struction should be overcome more or less read- 
ily, in proportion to the greater or less intensity 
of the decomposing current, is in perfect consis- 
tency with all our notions of the electric agent. 

996. I have elsewhere (947) distinguished 
the chemical action of zinc and dilute sulphur- 
ic acid into two portions; that which, acting 
^ectually on the zinc, evolves hydrogen at 
once upon its surface, and that which, produc- 
ing an arrangement of the chemical forces 
throughout the electrol 3 rte present (in this 
case water), tends to take oxygen from it, but 
cannot do so unless the electric current conse- 
quent thereon can have free passage, and the 
hydrogen be delivered elsewhere than against 
the zinc. The ^ectric current depends alto- 
gether upon the second of these; but when the 
current can pass, by favouring tte electrolytic 
action it tends to diminish the former and in- 
crease the latter portion. 

997. It is evident, therefore, tiiat when or- 
dinary zinc is used in a voltaic arrangM^pt, 
there is enormous waste of that power which 
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it is the object to throw into the form of on 
electric current; a consequence which is put in 
its strongest point of view when it is consid* 
ered that three ounces and a half of sine, prop* 
erly oxidized, can circulate enough electricity 
to decompose nearly one ounce of water, and 
cause the evolution of about 2400 cubic inches 
of hydrogen gas. This loss of power not only 
takes place during the time the electrodes of 
the battery are in communication, being then 
proportionate to the quantity of hydrogen 
evolved against the surface of any one of the 
zinc plates, but includes also dU the chemical 
action which goes on when the extremities of 
the pile are not in communication. 

998. This loss is far greater with ordinary 
zinc than with the pure metal, as M. De la 
Rive has shown.^ The cause is, that when or- 
dinary zinc is acted upon by dilute sulphuric 
acid, portions of copper, lead, cadmium, or 
other metals which it may contain, are set free 
upon its surface; and these, being in contact 
with the zinc, form small but very active vol- 
taic circles, which cause great destruction of 
the zinc and evolution of hydrogen, apparent- 
ly upon the zinc surface, but really upon the 
surface of these incidental metals. In the same 
proportion as they serve to discharge or con- 
vey the electricity back to the zinc, do they 
diminish its power of producing an electric cur- 
rent which shall extend to a greater distance 
across the acid, and be discharged only through 
the copper or platina plate which is associated 
with it for the purpose of forming a voltaic ap- 
paratus. 

999. All these evils are removed by the em- 
plo 3 rment of an amalgam of zinc in the manner 
recommended by Mr. Kemp,* or the use of the 
amalgamated zinc plates of Mr. Sturgeon (863), 
who has himself suggested and objected to their 
application in galvanic batteries; for he 8 a 3 ^, 
^*Were it not on account of the brittleness and 
other inconveniences occasioned by the incor- 
poration of the mercury with the zinc, amal- 
gamation of the zinc surfaces in galvanic bat- 
teries would become an important improve- 
ment; for the metal would last much longer, 
and remain bright for a considerable time, even 
for several successive hours: essential consid- 
erations in rile employment of this apparatus.’'* 

_ » Quatterly Journal of Sdenoe^ 1831. p. 88$; or 
Bibliothigue 1830* p. 39X. 

^JatMoofCo Edinburgh Journal, October 1828. 

*Booent Experimental Reaearehee, p. 42, Spo. Mr. 
nturgeon is of course unaware of the definite pro- 
duction of electricity by cbemiofd action, and is in 
fact quoting the experiment as the strongest e^ga- 
BiCitt a0ai9$at the dbeooMl theory of galvanistn. 


1000. Zinc so pr^ared, even thou^iinpurei, 
does not sensibly decompose the watmrof (ffiute 
sulphuric acid, inii stiU has such affinity for the 
oxygen, that the moment a metal whichy like 
copper or platina, has little or no afil^ty, 
touches it in the acid, action ensues, and a pow- 
erful and abundant electric current is produced. 
It is probable that the mercury acts by brings 
ing the surface, in consequence of its fluidity, 
into one uniform condition, and preventing 
those differences in character between one spot 
and another which are necessary for the forma- 
tion of the minute voltaic circuits referred to 
(998). If any difference does exist at the first 
moment, with regard to the proportion of zinc 
and mercury, at one spot on the svrfacef as 
compared with another, that spot having the 
least mercury is first acted on, and, by solution 
of the zinc, is soon placed in the same condi- 
tion as the other parts, and the whole plate 
rendered superficially uniform. One part can- 
not, therefore, act as a discharger to another; 
and hence cdl the chemical power upon the wa- 
ter at its surface is in that equable condition 
(949), which, though it tends to pioduoe an 
electric current through the liquid to another 
plate of metal which can act as a discharger 
(960), presents no irregularities by which any 
one part, having weaker affinities for oxygen, 
can act as a discharger to another. Two excel- 
lent and important consequences follow upon 
this state of the metal. The first is, that the 
full equivalent of electricity is obtained for the 
oxidation of a certain quantity of zinc; the sec- 
ond, that a battery constructed with the zinc 
so prepared, and charged with dilute sulphuric 
acid, is active only whilst the electrodes 
connected, and ceases to act or be acted upon 
by the acid the instant the communication is 
broken. 

1001. 1 have had a small battery of ten pidrs 
of plates thus constructed, and am convinced 
that arrangements of this kind will be very im- 
portant, especially in the development and il- 
lustration of the philosophical principles of riie 
instrument. The metals 1 have used are amal- 
gamated zinc and platina, connected iogeih^ 
by being soldered to platina wires, the WhelO 
apparatus having the form of the couramii <fes 
taam. The liquid used was dilute sulpfax^ 
acid of sp. gr, 1.25. No action took placid 
the metab exc^t when the <decdao^ werb ls 
communication, and then the actiw 
zinc was cmly in proportion to theii^SC^poc^ 
tion in the experimenlal ceB; forwhM theisUrr 
rent was rotated there, it was relsuMed l^ in 





tbe ba^teiy^ ofid no waste of tihe poweie of the 
metal waa mcui^ 

1002. In ooneequence of tins circumetanoei 
tiie acid in the cells remained active for a very 
muolb longer time than usual. In fact» time cUd 
not tend to lower it in any sensible degree: for 
Whilet Ihe metal was preserved to be acted upt 
on at the proper moment, the acid also was 
pieeerved almost at its first strength. Hence a 
oofietancy of action far beyond what can be 
obtained by the use of common zinc. 

1008. Another excellent consequence was the 
renewal, during the interval of rest, between 
two experiments of the first and most efficient 
state. When an amalgamated zinc and a plat- 
ina plate, immersed in dilute sulphuric acid, 
are first cozmected, the current is very power* 
fill, but instantly sinks very much in force, and 
in some cases actually falls to only an eighth or 
a tenth of that first produced (1036). This is 
due to the acid which is in contact with the 
zinc becoming neutralized by the oxide formed ; 
the continued quick oxidation of the metal 
being thus prevented. With ordinary zinc, the 
evolution of gas at its surface tends to mingle 
aU the liquid together, and thus bring fresh 
acid against the metal, by which the oxide 
fcamed there can be removed. With the amal* 
gamated zinc battery, at every cessation of the 
current, the saline solution against the zinc is 
gradually diffused amongst the rest of the liq* 
utd; and upon the renewal of contact at the 
electrodes, the zinc plates are found most fa* 
vourably circumstanced for the production of 
a ready and powerful current. 

1004. It mi^t at first be imagined that amal- 
gamated zinc would be much inferior in force 
to common zinc, because of the lowering of its 
energy, which the mercury mi^t be supposed 
to occasion over the whole of its surface; but 
tius ia not the case. When the electric currents 
cl two pairs of platina and zinc plates were op- 
posed, the difference being that one of the zincs 
waa amalgamated and the other not, the cur- 
rent Irom the amalgainated zinc was most pow* 
although no gas was evolved against it, 
and much was evolved at the surface of the 
imamalgamatod metal. Again, as Davy has 
zbown,^ if amalgamated and unamalgamated 
be put in contact, and dipped into dilute 
auiidmric acid, or otiier exciting fluids, the for- 
icer is positive to the latter, i.e., the current 
pam from the amalgamated zinc, through the 
mid, to the impr^M^ This h 
jhir by supposing that is not any inber* 


mtvamiepeeifie ixrciHnty ht mch 
gives it the electrical chimeter, ; but that it de« 
pends upon its peciiliar'8tate'***Qn that form of 
aggregation whidi fits it for chemical change/? 

1006. The ffliperiority of the amalgamated 
zinc is not, however, due to any such cause, 
but is a very simple consequence of the state of 
the fluid in contact with it; for as the unpre- 
pared rinc acts directly and alone upon the 
fluid, whilst that whirii is amalgamated does 
not, the former (by theoxideit pr^uces) quick- 
ly neutralizes the acid in contact with its sur- 
face, so that the progress of oxidation is retard- 
ed, whilst jsjj. the surface of the amalgamated 
zinc, any oxide formed is instantly removed by 
the free acid present, and the clean metallic 
surface is always ready to act with full Wergy 
upon the water. Hence its superiority (11037). 

1006. The progress of improvement m the 
voltaic battery and its applications, is evident- 
ly in the contrary direction at present to what 
it was a few years ago; for in place of increasing 
the number of plates, the strength of acid, and 
the extent altogether of the instrument, the 
change is rather towards its first state of sim- 
plicity, but with a far more intimate knowl- 
edge and application of the principles which 
govern its force and action. Effects of decom- 
position can now be obtained with ten pairs of 
plates (417), which required five hundred or a 
thousand pairs for their production in the first 
instance. The capability of decomposing fused 
chlorides, iodides, and other compounds, ac- 
cording to the law before established (380, &e.), 
and the opportunity of collecting certain of the 
products, without any loss, by the use of ap- 
paratus of the nature of those already describe 
(789, 814, &c.), render it probable that the vol- 
taic battery may become a useful and even 
economical manufacturing instrument ; for the- 
ory evidently indicates tlmt an equivalent of a 
rare substance may be obtained at the expense 
of three or four equivalents of a very common 
body, namely, zinc; and practice seems tiius 
far to justify the expectation. In this point of 
view I think it very Ukely that plates of platina 
or rilver may be used instead of plates of coi^ 
per with advantage, and that ikm the e^ 
arising ocoasionally from solution of the cop^ 
pesr, and its preoiintationpu the sbae (by which 
the riectroinotive power pf the zinc is so much 
injured) will beavoid^ (1047); 

f iv. 0»<&« BauUmef of mShdrelvle Mke- 
tnl^ Aci^ tmi 9ft ; 

1007, 1 
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pleBt posisfble loim of ^experimenrt 
the rme^eOioe establiBhed at the p^iop of de^^ 
composition to the force active at tl^;^KGi|ting 
place. I purpose examimiig the effects of ibis 
resistance more generally; but it is rather with 
reference to their practical interference with 
the action and phdnomena of the voltaic bat* 
tery, than with any intention at this time to 
offer a strict and philosophical account of their 
nature. Their general and principal cause is 
the resistance of the chemical affinities to be 
overcome; but there are numerous other cir- 
cumstances which have a joint influence with 
these forces (1034, 1040, &c.), each of which 
would require a sfiinute examinatipn before a 
correct account of the whole could be given. 

1008. As it will be convenient to describe the 
experiments in a form different to that in which 
they were made, both forms shall first be ex- 
plained. Plates of platina, copper, sine, and 
other metals, about three quarters of an inch 
wide and three inches long, were associated to- 
gether in pairs by means of platina wires to 
which they were soldered (PL VIII, Fig. f ), the 
plates of one pair being either alike or different, 
as might be required. These were arranged in 
glasses, Fig . so as to form Volta’s crown of 
cups. The acid or fluid in the cups never cov- 
ered the whole of any plate; and occasionally 
small glass rods were put into the cups, be- 
tween the plates, to prevent their contact. Sin- 
gle plates were used to terminate the series and 
complete the connexion with a galvanometer, 
or with a decomposing apparatus (899, 968, 
&c.), or both. Now if PI. VIII, Fig. S, be ex- 
amined and compared vdth Fig. 4f the latter 
may be admitted as representing the former in 
its simplest condition; for the cups I, II, and 
III of the former, with their contents, are 
represented by the cells I, II, and III of the 
latter, and themetal platesZ andPof the form- 
er by the similar plates represented Z and P in 
the latter. The only difference, in fact, between 
the apparatus. Fig. S, .and the trough repre- 
sented Fig; 4t is that twice the quantity 
prfaoe of contact between the metal and acid 
is allowed in the first to what would occur in 
the second. 

1009. When the extreme plates of the ar- 
rangement just described (PI. VIII, Fig. S ) , are 
connected' metallically through thegalvancun-' 
eter g, th«a the whole represents a battery con- 
sist^ of two pairs of :imc and p^ina plates 
urgi^e. cunent. forwaid/wl^ however, 
to deebti^bit wbter unassisted by my ffirect 

«am be tramunitted 


acrosrthe cdil III, and therefoi^ before it can 
ciroulate.'^ThiB decompaction of water, ^which 
is opposed to the pasili^e of the currentt znay^ 
as a matter of convenience, be considered an 
taking^lace either against the surfaces of the 
two platina plates which ^ constitute the elec- 
trodes in the cell III, or against the two sun- 
faces of that platina plate which separates the 
cells II and III, Fig, 4t from each other. It is 
evident that if that plate were away, the bat- 
tery would consist cd two pairs of plates and 
two cells, arranged in the most favourable po- 
sition for the production of a current. The plat- 
ina plate therefore, which being introduced as 
at Xf has oxygen evolved at one surface and hy- 
drogen at the other (that is, if the deccunporing 
current passes) , may be considered as &e cause 
of any obstruction arising from the decompon- 
tion of water by the electrolytic action of tiie 
current: and I have usually called it the inter- 
posed plate. 

1010. In order to simplify the conditions, di- 

lute sulphuric acid was first used in all the ceflet, 
and platina for the interposed plates; for then 
the initial intensity of the current which tends 
to be formed is constant, being due to the pow- 
er which sine has of decomposing water; and 
the opposing force of decomposition is also 
constant, the elements of the water being un- 
assisted in their separation at the interposed 
plates by any affinity or secondary action at 
the electrodes (744), arising either from the 
nature of the plate itself or the surrounding 
fluid. i 

1011. When only one voltaic pair of and 
pktina plates was used, the current bf elee- 
tiicity was entirely stopped to all practical 
purposes by interposing one platina ]^te (PL 
VIII, Fig. 5), i.e., by requiring of the current 
that it i^ould decompose water, and evdve 
both its elements, before it should paas^ 1!his 
consequence is in perfect accordance with tbi^ 
views before given (910, 917, 973). Foras ^ 
whole result depends upon the opposition/^ 
forcei^ at the places of el^tric excitement 
electro-decompoidtion, and as water is the 
stance to be decomposed at both before %s 
current can move, it is not to be expected thiaA v 
the tine should have such powerful attractiem 
for the oxyge^ as not only tobeatdetq talimM 
from itstassoeiated hydrogen, but 

surplus of force as, passing to the sec^ad phm 
of decoinpotition, should be there a^ to efibct 
a second separation of the water. 

Such an effect would require that the force of 
attraetkih between tine and oxygtoL tiunild ush 
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der the cireuiidBtaiieee be 0 $ hM twide ae great 
as the f(»rce of attraction betmen the oxygen 
and hydrogen. 

1012. yfhm two psdrs of sine and platina ex- 
citing plates were used, the current was also 
practically stopped by one interposed platina 
plate (PL VIII, Fig, 6 ) . There was a very feeble 
effect of a current at first, but it ceased almost 
immediately. It will be referred to, with many 
other similar effects, hereafter (1017). 

1013. Three pairs of zinc and platina plates 
(PI. VIII, Fig. 7 ) , were able to produce a current 
which could pass an interposed platina plate, 
and effect the electrolyzation of water in cell 
IV. The current was evident, both by the con- 
tinued deflection of the galvanometer, and the 
production of bubbles of oxygen and hydrogen 
at the electrodes in cell IV. Hence the accum- 
ulated surplus force of thrCe plates of zinc, 
which are active in decomposing water, is more 
than equal, when added together, to the force 
with which oxygen and hydrogen are combined 
in water, and is sufficient to cause the separa- 
tion of these elements from each other. 

1014. The three pairs of zinc and platina 
plates were now opposed by two intervening 
platina plates (PI. VIII, Fig. 8) . In this case the 
current was stopped. 

1015. Four pairs of zinc and platina plates 
were also neutralized by two interposed plat- 
ina plates, Fig. 9. 

1016. Five pairs of zinc and platina, with 
two interposed platina plates, Fig. 10, gave a 
feeble current; there was permanent deflection 
at the galvanometer, and decomposition in the 
cells VI and VII. But the current was very 
feeble; very much less than when all the inter- 
mediate plates were removed and the two ex- 
treme ones only retained: for when they were 
placed six inches asunder in one cell, they gave 
a powerful current. Hence five exciting pairs, 
with two interposed obstructing plates, do not 
give a current at all comparable to that of a 
single unobstructed pair. 

1017. I have alret^y said that a very feeble 
currerU passed when the series included one in^ 
terposed platina and two pairs of zinc and 
platina plates (1012). A eij^larly feeble cur« 
rent pas^ in every case, and even when only 
one exciting pair and four intervening platina 
plates were used (PL YLlIfFig. 11), a currwit 
passed which could be detect^ at x, both by 
chemical action on the solutkm of Iodide of po^ 
tasimim, and by the galvanometer. This ouiv 
rent Z believe to be due to deotdeity reduced 
in fa^eneity bdow the point requisite for the 


decompontion of water (970, 981); for water 
can c^duct dectricity of such low intemdty 
by the same kind of power which it possesses^ 
common with metals and charcoal, though it 
cannot conduct electricity of higher intenaty 
without suffering decomposition, and tlten op- 
posing a new force consequent thereon» With 
an electric current of, or under this intensity, 
it is probable that increasing the number of in*- 
terposed platina plates would not involve an 
increased difficulty of conduction. 

1018. In order to obtain an idea of the addi^ 
tional interfering power of each added platina 
plate, six voltaic pairs and four intervening 
platinas were arranged as in PL VIII, Fig. IB*, 
a very feeble current then passed (985, 1017). 
When one of the platinas was removed so that 
three intervened, a current somewhat stronger 
passed. With two intervening platinas a still 
stronger current passed; and with only one in- 
tervening platina a very fair current was Ob- 
tained. But the effect of the successive plates^ 
taken in the order of their interposition, was 
very different, as might be expected; for the 
first retarded the current more powerfully than 
the second, and the second more than the thiM. 

1010. In these experiments both amalga^ 
mated and unamalgamated zinc were used, but 
the results generally were the same. 

1020. The effects of retardation just describ- 
ed were altered altogether when changes were 
made in the nature of the liquid used between 
the plates, either in what may be called the ex- 
citing or the retarding cells. Thus, retaining the 
exciting force the same, by still using pure db 
lute sulphuric acid for that purpose, if a little 
nitric acid were added to the liquid in the re- 
tarding cells, then the transmission of the eu]> 
rent was very much facilitated. For instance, 
in the experiment with one pair of exciting 
plates and one intervening plate (lOll) (PL 
VIII, Fig. 5), when a few drops of nitric acid 
were added to the contents of cell II, then the 
current of electricity passed with considerable 
strength (though it soon fell from other causes 
[1036, 1040}), and the same increased effc^ 
was product by the nitric acid wh^ mafiy m* 
terposed plates were used. 

1021. This seems to be a consequence Of Ihe 
diminution of the difficulty of deccm!|msh^ 
water when its hydrogen, instead Of 
solutely expelled, as in the former tlMB, is 
transferred to the 03^gen of the sMrie sdd^ 
producing a seconjdary result at the 

(752) ; to in accordance with thediemfCal 
of the etectrie current and its addMi ttexAf 






whicV trfyiM bave been active whether it had 
pasfl^ or not. 

1030. Interposed plates of co^^r were then 
employed. These seemed at first to occasion no 
obstruction, but after a few minutes the current 
almost entirely ceased. This ^ect appears due 
to the surfaces taMug up that peculiar condi- 
tion (1040) by which they tend to produce a 
reverse current; for when one or more of the 
plates were turned round, which could easily 
be effected with the cmronne des tosses form of 
experiment (PI. VIII, Fig. 5), then the current 
was powerfully renewed for a few moments, 
and then again ceased. Plates of platina and 
copper, arranged as a voltaic pile with dilute 
sulphuric acid, could not form a voltaic trough 
competent to act for more than a few minutes, 
because of this peculiar counteracting effect. 

1031. All these effects of retardation, exhib- 
ited by decomposition against surfaces for which 
the evolved elements have more or less affin- 
ity, or are altogether deficient in attraction, 
show generally, though beautifully, the chem- 
ical relations and source of the current, and 
also the balanced state of the affinities at the 
places of excitation and decomposition. In this 
way they add to the mass of evidence in favour 
of the identity of the two; for they demon- 
strate, as it were, the antagonism of the cherry 
ical povjers at the electromotive part with the 
chemical powers at the interposed parts; they 
show that the first are producing electric ef- 
fects, and the second opposing them; they 
bring the two into direct rdation; they prove 
that either can determine the other, thus mak- 
ing what appears to be cause and effect con- 
vertible, and thereby demonstrating that both 
chemical and electrical action are merely two 
exhibitions of one single agent or power (916, 
&c.). 

1032. It is quite evident that as water and 
other electrolytes can conduct electricity with- 
out suffering decomposition (986), when the 
electricity is of sufficiently low intensity, it 
may not be asserted as ab^lutely true in all 


of these fUHssrdkes (799^ iso*). 

1033. 1 cannot dWiiss this divisSon ofi tbe 
present paper without making a reference ^ 
the important experiments of M. Aug. Dela 
Rive on the effects of interposal plates.^ As I 
have had occasion to eonrider such plates 

ly as giving rise to new decompositions, and hi 
&at way only causing obstruction to the pas- 
sage of the dectric current, I was freed from 
the necessity of considering the peculiar effects 
described by that philosopher. I was the more 
willing to avoid for the present touching upon 
tiiese, as I must at the same time have entered 
into the views of Sir Humphry Davy upon the 
same subject,^ and also those of Marianini* and 
Ritter,^ which are connected with it. 

% V. General Remarks on the Actioe VoUaic 
Battery 

1034. When the ordinary voltaic .battery is 
brought into action, its very activity produces 
certain effects, which react upon it, and cause 
serious deterioration of its power. The^e render 
it an exceedingly inconstant instrument as to 
the quantity of effect which it is capable of pro^ 
ducing. They are already, in part^ known and 
understood; but as their importance, and that 
of certain other coincident results, will be more 
evident by reference to the principles and 
periments already stated and described, I have 
thought it would be useful, in this investigation 
of the voltaic pile, to notice them briefly here* 

1035. When the battery is in action, it causes 
such substances to be formed and arranged in 
contact with the plates as very much weaken 
its power, or even tend to pr^uce a counter 
current. They are considered by Sir Humphry 
Davy as sufficient to account for the ph^com- 
ena of Ritter's secondary piles^ and also for the 
effects observed by M. A. De la Rive with in^ 
terposed platina plates.^ 

1036. 1 have already referred to this conse^ 
quence (1003), as capable, in some cases, of 
lowering the force of tiie curr«mt to 
or one-tentir of what it was at the first 


cases that whenever electricity passes through 
an electrolyte it produces a definite effect of 
decomposition. But the quantity ol electricity 
which c^ pass in a given time through an dec- 
trolyte without causing decompositipni is so 
pnall as to bear no comptuison to that paired 
in a ease of v^ jnod«^ deconq^timi^ and 
with el|e^ci^ above tire intentity required 
for etjec^a^^ation, t found no.s^Ue 
departure as yet from the law of dejtmk eleo- 


ment, and have met with instances in , 

interference was veiy great. In an 
in which one voltaic pair and one inMcpclM 
platina plate v^re us^ with dilute sulffluiiie 
add in cells (FI* VIII, Fig, W$ timMkei^ 


> Anndei de thimie, Vpl. XXVlII, p. 190; spd' 
MimoiresdiaMee. 

*XofmuadePAmgue,VolLVn,py^^ 
eF9ngssaphiti^ Traneaeiiorm, 1826 , 413 . : ' 
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oommunication were bo ammged, that the end 
of that marked 3 could be placed at pleasure 
upon paper moistened in the solution of iodide 
of potassium at x, or directly upon the platina 
plate there. If, after an interval during which 
the circuit had not been complete, the wire 8 
were placed upon the paper, there was evi- 
dence of a current, decomposition ensued, 
and the galvanometer was affected. If the 
wire 3 were made to touch the metal of p, 
a comparatively strong sudden current was 
produced, affecting the galvanometer, but 
lasting only for a moment; the effect at the 
galvanometer ceased, and if the wire 3 were 
placed on the paper at x, no signs of decom- 
position occurrod. On raising the wire 3, and 
breaking the circuit altogether for a while, 
the apparatus resumed its first power, requir- 
ing, however, from five to ten minutes for this 
purpose; and then, as before, on making con- 
tact between 3 and p, there was again a mo- 
mentary current, and immediately all the ef- 
fects apparently ceased. 

1037. This effect I was ultimately able to re- 
fer to the state of the film of fluid in contact 
with the zinc plate in cell i. The acid of that 
film is instantly neutralized by the oxide form- 
ed; the oxidation of the zinc cannot, of course, 
go on with the same facility as before; and the 
chemical action being thus interrupted, the 
voltaic action diminislies with it. The time of 
the rest was required for the diffusion of the 
liquid, and its replacement by other acid. From 
the serious influence of this cause in experi- 
ments with single pairs of plates of different 
metals, in which I was at one time engaged, 
and the extreme care required to avoid it, 1 
cannot help feeling a strong suspicion that it 
interferes more frequently and extensively than 
eiqmmenters are aware of, and therefore di- 
rect their attention to it. 

1038. In considering the effect in delicate 
experiments of this source of irregularity of 
action in the voltaic apparatus, it must be re- 
membered that it is o^y that very small por- 
tion of matter which is directly in contact with 
the Qxidizable metal which 1^ to be consid- 
ered with reference to the change of its nature; 
and tins portion is not very readily displaced 
from its position upon the surface of the metal 
(fi82, 005), eepeddly if that metal be rough 
and irregular. In illustration of this effect, I 
srill quote a remarkable experiment. A bum- 
idbad ];&tina plate ;(569) was put into hot 

stdphuric aci^ for an iiustant only: it 
wiu then put into distilled water, moved about 


SifiEiEsVm 

in it, taken out, and wiped dry: it was put into 
a second portion of distilled water, mov^ about 
in it, and apin wiped: it was put into a third 
portion of distilled water, in which it was moved 
about for nearly eight seconds ; it was then, with- 
out wiping, put into a fourth portion of distilled 
water, where it was allowed to remain five 
minutes. The two latter portions of water were 
then tested for sulphuric acid; the third gave 
no sensible appearance of that substance, but 
the fourth gave indications which were not 
merely evident, but abundant for the circum- 
stances under which it had been introduced. 
The resulf Efficiently shows with what diffi- 
culty that portion of the substance which is in 
contact with the metal leaves it; and as the 
contact of the fluid formed against the plate 
in the voltaic circuit must be as intimam and 
as perfect as possible, it is easy to see\ how 
quickly and greatly it must vary from the'gen- 
eral fluid in the cells, and how influential in 
diminishing the force of the battery this effect 
must be. 

1039. In the ordinary voltaic pile, the influ- 
ence of this effect will occur in all variety of de- 
grees. The extremities of a trough of twenty 
pairs of plates of Wollaston^s construction were 
connected with the volta-electrometer, Pl.‘ VI, 
Fig, 11 (711), of the Seventh Series of these Re- 
searckeSf and after five minutes the number of 
bubbles of gas issuing from the extremity of 
the tube, in consequence of the decomposition 
of the water, noted. Without moving the plates, 
the acid between the copper and zinc was agi- 
tated by the introduction of a feather. The 
bubbles were immediately evolved more rap- 
idly, above twice the number being produced 
in the same portion of time as before. In this 
instance it is very evident that agitation by a 
feather must have been a very imperfect mode 
of restoring the acid in the cells against the 
plates towards its first equal condition; and 
yet imperfect as the means were, they more 
than doubled the power of the battery. The 
first effect of a battery which is known to be so 
superior to the degree of action which the bat- 
tery can sustain, is almost entirely due to the 
favourable condition of the acid in contact 
with the plates. 

1040. A second cause of diminution in the 
force of the voltaic battery, consequent upon 
its own action, is that extraordinary state of 
the surfaces of the metals (969) which was first 
described, I bdieve, by Ritter,^ to which hO re- 
fm the powers of his secondary piles, and which 

1 Journal de LVII, p. 349. 
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has been 80 weB experimented upon by JSfori- 
anini, and also by A. De la Rive. If ibe appar 
ratue, PI* VIII, Fig. 16 (1036), be left in action 
for an hour or two, with the wire 3 in contact 
with the plate p, so as to allow a free passage 
for the current, then, though the contact be 
broken for ten or twelve minutes, still, upon its 
renewal, only a feeble current will pass, not at 
all equal in force to what might 1:^ expected. 
Further, if and P* be connected by a metal 
wire, a powerful momentary current will pass 
from P® to P^ through the acid, and therefore 
in the reverse direction to that produced by 
the action of the zinc in the arrangement; and 
after this has happened, the general current 
can pass throu^ the whole of the system as at 
first, but by its passage again restores the plates 
P* and P^ into the former opposing condition. 
This, generally, is the fact described by Ritter, 
Marianini, and De la Rive. It has great oppose 
ing influence on the action of a pile, especially 
if the latter consist of but a small number of 
alternations, and has to pass its current through 
many interpositions. It varies with the solu- 
tion in which the interposed plates are im- 
mersed, with the intensity of the current, the 
strength of the pile, the time of action, and es- 
pecially with accidental discharges of the plates 
by inadvertent contacts or reversions of the 
plates during experiments, and must be care- 
fully watched in every endeavour to trace the 
source, strength, and variations of the voltaic 
current. Its effect was avoided in the experi- 
ments already described (1036, &c.), by mak- 
ing contact between the plates P^ and P* be- 
fore the effect dependent upon the state of the 
solution in contact with the zinc plate was ob- 
served, and by other precautions. 

1041* When an apparatus like PL VIII, Fig. 
11 (1017) with several platina plates was used, 
being connected with a battery able to force a 
current through them, the power which they 
acquired, of producing a reversed current, was 
very considerable. 

1042. Weak and exhausted charges should 
never be used at the same time with strong and 
fresh ones in the different cells of a trou^, or 
the different troughs of a battery: the fluid m 
all the cells should be alike, else the plates in 
the weaker cells, in place of assisting, retard 
the passage of the electricity g^erated in, and 
transmitted across, the stronger cells. Each 
rinc plate so circumstanced has to be assisted 
in de^mposing power before the whole current 
can pass between it and the liquid. So that, if 
in a batt^ of fifty pairs of platesi ten of the 


erils contain a weakear charge than the oibem, 
it is as if toi decomposing plates wm opposed 
to the transit of the curr^ of forty pairs of 
generating plates (1031). Hence a seriotisloss 
of force, and hence the reason why, if the 4en 
pairs of plates were removed, the remaining 
forty pairs would be much more powerful tlmii 
the whole fifty. 

1043. Five similar troughs, of ten pairs of 
plates each, were prepared, four of them with a 
good uniform charge of acid, and the fifth with 
the partially neutralized acid of a used battery. 
Being arranged in right order, and connected 
with a volta^ectrometer (711), the whole fifty 
pairs of plates yielded 1.1 cubic mch of oxygen 
and hydrogen in one minute: but on moving 
one of the connecting wires so that <mly the 
four well-charged troughs should be included 
in the circuit, they produced with the same 
volta-electrometer 8.4 cubical inches of gas in 
the same time. Nearly seven-ei^ths of the 
power of the four troughs had been lost, there- 
fore, by their association with the fifth trough. 

1044. The same battery of fifty pairs of 
plates, after being thus used, was connected 
with a volta-electrometer (711), so that by 
quickly shifting the wires of communication, 
the current of the whole of the battery, or of any 
portion of it, could be made to pass through 
the instrument for given portions of time in 
succession. The whole of the battery evolved 
0.9 of a cubic inch of oxygen and hydrogen in 
half a minute; the forty plates evolved 4.6 cu- 
bic inches in the same time; the whole then 
evolved 1 cubic inch in the half-minute; the 
ten weakly charged evolved 0.4 of a cubic inch 
in the time given : and finally the whole evolved 
1.15 cubic inch in the standard time. The order 
of the observations was that given: the results 
sufficiently show the extremely injurious effect 
produced by the mixture of strong and weak 
charges in the same battery.^ 

1045. In the same manner associations of 
strong and weak pairs of plates should be care- 
fully avoided. A pair of copper and platina 
plates arranged in accordance witi^ a pair of 
zinc and platma plates in dilute sulphuric acidt 
were found to stop the action of the latter, ckt 
even of two pairs of the latter, as effectually 
almost as an interposed plate of platina 

or as if the copper itself had b^n i^tina. 
in fact, becaj^ an interposed d^omporing 

» The gradual inorease in the aetion of the Ufliole 
fifty pairs pf plates was due to tbs elpvatieii of tesDh* 
perature in the weakly ohargad trough tw.the pas-: 
sage of tiiePuirent, in eonsequeiiee of wMPh tlie€jg>^ 
dting energies of the fluid within were ittoreased* 





piftta, and tfumtoe a istainfiiig instead 
aEniatingpatr* 

1046. The reversal, by aoeident or otherwise^ 

the ptBies in a battery has an exoeechngly 

hasuiioua effect. It is not merely the counts 
mUm of the cuir^t which the reversed i^tes 
ean produce, but their effect also in retard* 
mg even as indifferent plates, mid requiring 
d^mposition to be effected upon their sur- 
face, in accordanee with the course of the 
eurrent, before the lattmr can pass. They op- 
pose the current, therefore, in the first place, 
as intezposed platina plates would do (1011^ — 
1018); and to this they add a force of oppo- 
sition as counter-voltaic plates. I find that, 
in a series of four pairs of sine and platina 
plates in dilute sulphuric acid, if one pair be 
reversed, it very nearly neutralises the power 
Of the whole. 

1047. There are many other causes of re- 
aetidn, retardation, and irregularity in the vol- 
taic battery. Amor^ them is the not unusual 
one of precipitation of copper upon the zinc in 
the cells, tlm injurious effect of which has be- 
fem been adverted to (1006). But their inteiest 
is not perhaps sufficient to justify my increase 
of the length of this paper, which is rather in- 
toided to be mi investigation of the theory of 


the vbitue than a 
practical a^hcatioii.^ 

Nate. Mfimy of the views and experiments in 
this series of my Expermenlal Beseard^ will 
be seen at once to be corrections and extenrions 
of the theo!^ of electro-chemical decomposi- 
tion, given in the fifth and sevmith i^es of 
these Researches. The expressions I would now 
alter are those which concern the independence 
of the evolved elements in rdation to the pbles 
or riectrodes, and the reference of their evolu- 
tion to powers entirdy interned (524, 537, 661). 
The present paper fully shows my present 
views: and f would refer to paragraph 891, 
904, 910, 917, 918, 947, 963, 1007, 103ll4c., as 
stating what they ai*e. I hope thk note Will be 
considered as sufficient in the way of cornection 
at present; for I would rather defer revisi^ the 
whole theory of electro-chemical decoxi^posi- 
tion until 1 can obtain clearer views of the way 
in which the power under consideration can 
appear at one time as associated with particles 
giving them their chemical attraction, and at 
another as free electricity (493, 957). — ^M. F. 

Royal InstUvlum, March 31, 1834 

>For further practical reeults relating to these 
points of the phUosophy of the voltaic battery^ see 
S^es X, 1 17, 1160-1168.— Dee. 1838. 
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1048. Thb foUowii^ mYeetigations relate to a 
%eiyi«B>aijad4einduotiTeaetionofdeotriccaiv 
g^lMjOrcfthediffarentiKUtioflbesaineotiiTent 
tCTi), and indicate an immediate eonnexiem be* 
IpaineUfdiiBdac^veaGticmandtlmd^ 
itdailon of deottkity tiirough (widucting bod- 
. iM^fl^nTmtbiatexbibitedmtheformof aspaik. 
ty 10^. Tbn kujuky uose out of a faet con^ 
isniaeated to me by Mr. Jenkin, ubich is as 
ftilbisH. IK mi tt<Sdary arke of short tei^ 
beftiMd M the ibei^iOB of eemomumeatiem be- 
Jfwiatiie tYn>{diileB<d a&ideetromotor emi* 
« oa^' piit^ metals, no mea* 

S iiill eenble eaiierimaitm to oh* 
leetrieehodE tram ^ but if tiie 

ieh sumi^p^' an aketro-magnet .btl 
^welc is iia time .flie oontaoi 
elbi^emcaiiar ta bidnsi, imnided ti^ 


Olds of the wire be grasped one in each hand. 

1050. Anothm' ^ect is observed at the same 
time, which has long been known to philoso- 
phers, namdy, that a bii^t dectric spark 
occurs at the of disjunction. 

1051. A brief account of these results, wilh 
some of a corresponding diaracter whidt I had 
observed in using long wires, was published in 
tile PhUosopMeei Magtatine for 1834;‘ and' 1 
added to than some.bbservations on thdr 
tttre. Further iaVestigatiems led me to peredve 
the inaceiuw^ of my first ndhms, and ended 
m identi^dag thd» effects with the ihoimnena 

induotiim adddi I had bem fortirasiteenoi^ 
to devdop ia the First Series of these ExpeA- 
membd Beseardtea (1—59).* Notwitiistsnding 
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uidllue iimili^^ 
(di^ views ro^;i6ethg^e^ mm^iMiAi 
the results eupply lead me to believe tibat they 
vM be found worthy of the atteatiou of the 
RoySl Society. 

1052. The ehctromotcr used eoufflsted of a 
cylinder of sine introduced between the two 
parts of a double cylinder of copper^ and prch 
served from met^lic contact in the usual way 
by ccu'ks. The sine cylinder was eight inches 
high and four inches in diameter. Both it and 
the copper cylinder were supplied with stiff 
wires, surmounted by cups containing mer- 
cury; and it wius at &ese cups that the con- 
tacts of wires, helices, or electro-magnets, used 
to complete the circuit, were made or broken. 
These cups I will call G and E throughout the 
rest of this paper (1079), 

1053. Certain hdicea were constructed, some 
of which it will be necessary to describe. A 
pasteboard tube had four copper wires, one 
Wenty-fourth of an inch in thickness, wound 
round it, each forming a helix in the same di- 
rection from end to end: the convolutions of 
each wire were separated by string, and the 
superposed helices prevented from touching by 
intervening calico. The lengths of the wires 
forming the helices were 48, 49.5, 48, and 45 
feet. The first and third wires were united to- 
gether so as to form one consistent helix of 96 
feet in length; and the second and fourth wires 
were simikirly united to form a second hdix, 
closely interwoven with the first, and 94.5 feet 
in length. These helices may be distinguished 
by the numbers i and ii. They were carefully 
examined by a pow^ful current of electricity, 
and a galvanometer, and found to have no 
communication with each other. 

1054. Another helix was constructed upon a 
similar pasteboard tube, two lengths of the 
same copper wire bring used, each forty-«x 
feet long; These were united into one consist- 
ent helix of ninety-two feet, which therefore 
was nearly equal in value to rither of the foi>- 
mer hriioes, but was not in close inductive 
association with them. It may be distinguished 
bythenumb^iiL 

1055. A fourth hriix was constructed of v^ 

thick copper wire^ bring one^fifth of an; inch in 
diam^; ribe wim us^ was seventy- 

nine feet^ inde|i(endent of the straight terminal 
poitimiB. 

1066. Tim prindiMilriec6tHna^ 
oonsistedof a cyiinitybribmrof s^ 
five%(^ liO^ mi Oinei incli and three^quai^ 
a ring, so that^tise 


en<b by iitee 

coUb of thidk copper wire, the similar 
which ware fastmied togriher; each of fStSse 
terminatkms was soldei^ to a copper tml, 
serving as a conducti^ continuation of thi 
wire. Hence any electric current sent throi^ 
the rods was divided in the hefioes surrounding 
the ring, into three parts, all of which, how- 
ever, moved in the same direction. The three 
wires may therefore be considered as r^re- 
senting one wire, of thrice the thickness of the 
wire r^ly used. 

1057. Other riectro-mag^ets could be made 
at pleasure by introducing a soft iron rod into 
any of the heUoes described (1053, &e.). 

1058. The galvammter wUch I had occasion 
to use was rough in its construction, having 
but one magnetic needle, and not at all delieale 
in its indications. 

1059. The effects to be considered depend on 
the condiietor employed to complete ihe com- 
munication between the sine and copper plates 
of the electromotor; and I shall have to con- 
sider this conductor under four different forms: 
as the helix of an electro-magnet (1056); as an 
ordinary helix (1053, Ac.) ; as a long extended 
wire, having its course such that the parts can 
exert little or no mutual influence; and as a 
short wire. In all cases the conductor was of 
copper. 

1060. The peculiar effects are best shown by 
the electromagnet (1056). When it was used to 
complete the communication at the rieotrb^ 
motor, thmre was no sensible spark on making 
contact, but on breaking contact there was a 
very large and bright sparik, with considerable 
combustion of the mercury. Then, again, with 
respect to the shock: if the hands were mois^ 
toied in salt and water, and good contact be- 
tween them and the wires retained, no shorit 
could be felt upon making contact at the elec* 
tromotor, but a powerful one on breaking emi- 
tact. 

1061. When the Mix i or iii (1053, Ac.) was 
used as the connectiDg conductor, there wm 
also a good spark on breaking ccmtact, hut 
none (sensibly) on making contact. On trying 
to obtain the i^ock from these helices, I eouSd 
not succN^ at first. By joining the simil ar epids 
of i and ii so as. to make the two helices squivSri* 
lent to one hriix, having wire of doable tUsk* 
ness, 1 coidd just obtain the sensation. XJAig 
the fadibciof th irit vnre (1055) the shook was 
(Bstinetijr ribtamed. On ]^ring th^ toug^^ 
tween two pistes of sibw 

wikbihe psite 
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touched (1064)^ there was « powerful shock on 
breaking contact, but none on making contact. 

1<]|62. The power of producing these phe- 
nomena exists therefore in the simple helix, as 
in the electro-magnet, although by no means 
in the same high degree. 

1063. On putting a bar of soft iron into the 
hdix, it became an electro-magnet (1057), and 
He power was instantly and greatly raised. On 
patting a bar of copper into the helix, no change 
was produced, the action being that of the 
helix alone. The two helices i and ii, made into 
one helix of twofold length of wire, produced a 
greater effect than either i or ii alone. 

1064. On descending from the helix to the 
mere long wire, the following effects were ob- 
tained. A copper wire, 0.18 of an inch in diam- 
eter, and 132 feet in length, was laid out upon 
the floor of the laboratory, and used as the 
connecting conductor (1059) ; it gave no sensi- 
ble spark on making contact, but produced a 
bright one on breaking contact, yet not so 
bright as that from the helix (1061). On en- 
deavouring to obtain the electric shock at the 
moment contact was broken, I could not suc- 
ceed so as to make it pass through the hands; 
but by using two silver plates fastened by small 
wires to the extremity of the principal wire 
used, and introducing the tongue between those 
plates, I succeeded in obtaining powerful shocks 
upon the tongue and gums, and could easily 
convulse a flounder, an eel, or a frog. None of 
these effects could be obtained directly from 
the electromotor, i.e., when the tongue, frog, 
or fish was in a similar, and therefore compara- 
tive manner, interposed in the course of the 
communication between the zinc and copper 
plates, separated everywhere else by the acid 
lued to excite the combination, or by air. The 
bright spark and the shock, produced only on 
breaking contact, are therefore effects of the 
same kbd as those produced in a higher de- 
gree by ihe helix, and in a still higher degree by 
the electro-magnet. 

1065. In order to compare an extended wire 
with a helix, the helix i, containing ninety-^six 
leet, and ninetynsix feet of the same-sized wire 
lying on the floor of the laboratory, were used 
alteamately as conductors: the former gave a 
murii brighter spark at the moment of dis- 
jUD^on tiian the latter. Again, twenty-eight 
feet of copper wire were made up into a helix, 
and being used gave a good spark on disjuno* 
tmhat tte electromotor; being then suddenly 

out and agc^ionidoyed^, it gave a mudh 
tl^^before, aUbnugh nothing 


but its spiral arrangement had been dhanged. 

1066. As the superiority of a helix over a 
wire is important to the philosophy of the ef- 
fect, I took particular pains to ascertain the 
fact with certainty. A wire of copper sixty- 
seven feet long was bent in the middle so as to 
form a double termination which could be 
communicated with the electromotor; one of 
the halves of this wire was made into a helix 
and the other remained in its extended condi- 
tion. When these were used alternately as the 
connecting wire, the helix half gave by much 
the strongest spark. It even gave a stronger 
spark than When it and the extended wire were 
used conjointly as a double conductor, i 

1067. When a short wire is used, dll these 
effects disappear. If it be only two or three 
inches long, a spark can scarcely be perceived 
on breaking the junction. If it be ten or twelve 
inches long and moderately thick, a small spark 
may be more easily obtained. As the length is 
increased, the spark becomes proportionately 
brighter, until from extreme length the resist- 
ance offered by the metal as a conductor begins 
to interfere with the principal result. 

1068. The effect of elongation was well shown 
thus: 114 feet of copper wire, one-eighteenth 
of an inch in diameter, were extended on the 
floor and used as a conductor; it remained cold, 
but gave a bright spark on breaking contact. 
Being crossed so that the two terminations 
were in contact near the extremities, it was 
^ain used as a conductor, only twelve inches 
now being included in the circuit: the wire be- 
came very hot from the greater quantity of 
electricity passing through it, and yet the spark 
on breaking contact was scarcely visible. The 
experiment was repeated with a wire one-ninth 
of an inch in diameter and thirty-six feet long 
with the same results. 

1069. That the effects, and also the action, in 
all these forms of the experiment are identical, 
is evident from the manner in which the former 
can be gradually mised from that produced by 
the shortest wire to that of the most powerful 
electro-magnet: and this capability of exam- 
ining what will happen by the most powerful 
apparatus, and then experimenting for the same 
results, or reasoning from them, with the weaker 
arrangements, is of great advantage in making 
out the true principles of the phenomena. 

1070. The action is evidently dependent 
upon the wire which saves as a conductor; for 
it varies as that wire varies in its length or ^ 
rangement. The shortest wire may be consid-* 
ered as exhibiting Ike full effect of spark or 
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which the electromotor can produce by 
its own direct power; all the additional force 
wY&obi the arrangements described can excite 
being due to some affection of the current, 
either permanent or momentary, in the wire 
itself. That it is a rminerUa/ry effect, produced 
only at the instant of breaking contact, will be 
fullyproved (1089, 1100). 

1071. No change takes place in the quantity 
or intensity of the current during the time the 
latter is continv^df from the moment after con* 
tact is made, up to that previous to disunion, 
except what depends upon the increased ob- 
struction offered to the passage of the electri- 
city by a long wire as compared to a short wire. 
To ascertain this point with regard to quan- 
tityf the helix i (1053) and the galvanometer 
(1058) were both made parts of the metallic 
circuit used to connect the plates of a small 
electromotor, and the deflection at the galvar 
nometer was observed; then a soft iron core 
was put into the helix, and as soon as the mo- 
mentary effect was over, and the needle had 
become stationary, it was again observed, and 
found to stand exactly at the same division as 
before. Thus the quantity passing through the 
wire when the current was continued was the 
same either with or without the soft iron, al- 
though the peculiar effects occurring at the 
moment of disjunction were very different in 
degree under such variation of circumstances. 

1072. That the quality of intensity belonging 
to the constant current did not vary with the 
circumstances favouring the peculiar results 
under consideration, so as to yield an explana- 
tion of those results, was ascertained in the 
following manner. The current excited by an 
electromotor was passed through short wires, 
and its intensity tried by subjecting different 
substances to its electrolyzing power (912, 966, 
&c.); it was then passed through the wires (rf 
the powerful electro-magnet (1056), and again 
examined with respect to its intensity by the 
same means and found unchanged. Again, the 
constancy of the quantity passed in the above 
experiment (1071) adds further proof that the 
intensity could not have varied; for had it been 
increased upon the introduction of the soft 
iron, there is every reason to believe that the 
quantity passed in a given time would also 
have increased. 

1073* The fact is, that under many varia- 
tions^ of the experiments, the pennanent cui> 
rent hm in force as the effects upon hreakiw 
contact become exalted. This is abundantiy 
evident in the comparative experiments with 


long and diort wires (1068) ; and is still more 
strikingly shown by the following variarion. 
Solder an inch or two in length of fine plati^ 
wire (about one-hundredth of an inch in diam- 
eter) on to one end of the long oommunicatix^ 
wire, and also a similar length of the same plat- 
ina wire on to one end of the short communi- 
cation; then, in comparing the effects of these 
two communications, make and break contact 
between the platina terminations and the mer- 
cury of the cup G or E (1079). When the short 
wire is used, ^e platina will be ignited by the 
constant currentf because of the quantity of 
electricity, but the spark on breaking contact 
will be hardly visible; on using the longer com- 
municating wire, wUch by obstructing will 
diminish the current, the platina will remain 
cold whilst the current passes, but give a bright 
spark at the moment it ceases : thus the strange 
result is obtained of a diminished spark and 
shock from the strong current, and increased 
effects from the weak one. Hence the spark and 
shock at the moment of disjunction, although 
resulting from great intensity and quantity of 
the current cd that moment^ are no direct indica- 
tors or measurers of the intensity or quantity 
of the constant current previously passu^, and 
by which they are ultimately produced. 

1074. It is highly important in using the 
spark as an indication, by its relative bright- 
ness, of these effects, to bear in mind certain 
circumstances connected with its production 
and appearance (958). An ordinary electric 
spark is understood to be the bright appear- 
ance of electricity passing sudde^y throuj^ 
an interval of air, or other badly conducting 
matter. A voltaic spark is sometimes of the 
same nature, but, generally, is due to the igni- 
tion and even combustion of a minute portion 
of a good conductor; and that is especially the 
case when the electromotor consists of but one 
or few pairs of plates. This can be very weU 
observed if either or both of the metallic sur- 
faces intended to touch be solid and pointed. 
The moment they come in contact the current 
passes; it heats, ignites, and even bums the 
touching points, and the appearance is as if 
spark passed on making contact, whereas it is 
only a case of ignition by the currenti contact 
bring previously made, and is perfectly analo- 
gous to the ignition of a fine platina wire em- 
neoting the mctremities of a voltaic battery* 

1076* When mercury constitutes one or ho^ 
of the surfaces used^ the brightoessof th6iEg>aik 
is greatly in^aaed. But as this cSeot is doe to 



the ftotibh on, and probable combufificm of, the 
Bielal, such i^piailas must only be oompaml witii 
other fipa.rits also taken from mereuriid mny 
fioes, and not with each as may be taken, for 
katance, between surfaces of platina or gold, 
foir the appearances are far less bi^t, 
though the same quantity of deetricity be 
poked It is not at all unl^y that tiie com- 
moMy occurring drcumstance of combustion 
may affect even the duration of the light; and 
sparks taken between mercury, copper, or 
other combustible bodies, will continue for a 
period s^ibly longer th^ those passing be- 
tween platina or gold. 

1076. When the end of a short clean copper 
wire, attached to one plate of an electromotor, 
is brought down carefully upon a surface of 
jg^ercury connected with the other plate, a 
spark, almost continuous, can be obtaii^. 
'{bis 1 refer to a succession of effects of the fol- 
lowing nature: first, contact — ^then ignition of 
llie touching points— recession of the mercury 
from the mechanical results of the heat pro- 
duced at the place of contact, and the electro- 
msi^etic condition of the parts at the moment^ 
—breaking of the contact and the production 
of the peculiar intense effect dep^dent there- 
on— renewid of the contact by the returning 
surface of the undulating mercury— and then 
a r^tition of the same series of effects, and 
that with such rapidity as to present the ap- 
pearance of a continued disclmrge. If a long 
wire or an electro-magnet be used as the con- 
necting conductor instead of a short wire, a 
similar appearance may be produced by tap- 
ping the vessd containing the mercury and 
making it vibrate; but the sparks do not usu- 
idly follow each other so rapidly as to produce 
flU apparently continuous spark, because of 
Hk time required, when the long wire or elec- 
firtHxu^et is used, both for the full develop- 
nkut of the current (1101, 1106) and for its 
qi^abiiplete cessation. 

1077. Returning to the phenomena in ques- 
titm; first tium^t that arises in the mind 
Is thid; tbe eiectridty drculates with something 
Wsi6 momentum or inmita in the wire, and that 
iSbm a long wimiuuduoe^ effects at the instant 
die current is stoimedi which a short wire caacn 
simt produce. 9m!k an ex{rikmation is, however, 
2«t once set aside by dm bet that the same 
length of wire produces tbe effects in vky dif- 
lk»M deipses, aeoording se it is simply ex- 

orma^intoahelix, or forms the 
JWiurf efBelmee, Vd. XU, p. m 


ooit of an decmo-niagiiet (1069). The expend 
ments to be adduced <1089) will still more 
strikingly diow that the idea ot mom^tunii 
cannot apply. 

1078. The bright spark at the electrmnotor, 
and the shock inihe arms, appeared evidentiy 
to be due to one current in the long wire, divided 
into two parts by the double channel afforded 
through die body and through the electromo- 
tor: for that the spark was evolved at the place 
of disjunction with the electromotor, not by 
any direct action of the latter, but by a force 
immediately exerted in the wire of communi- 
cation, seeii^ to be without doubt (1^70). It 
followed, therefore, that by using a betw con- 
ductor in place of the human body, thf whole 
of this extra current might be made to jbass at 
that place; and thus be separated from that 
which the electromotor could produce by its 
immediate action, and its diredion be jam- 
med apart from any interference of the original 
and originating current. This was found to be 
true; for on connecting the ends of the princi- 
pal wire together by a cross-wire two or three 
feet in length, applied just where the hands had 
felt the shock, the whole of the extra current 
passed by the new channel, and then no better 
spark than one producible by a short wire was 
obtained on disjunction at the electromotor. 

1079. The current thus separated was exam- 
ined by galvanometers and decomposing appa- 
ratus introduced into 
the course of this wire. I 
will always speak of it 
as the current in the 
cross-wire or wires, so 
that no mistake, as to 
its place or origin, may 
occur. In the wood-cut, 

Z and C represent the 
rdne and copper plates of 
the electromotor ; G and 
E toe cups of mercury 
where contact is ifiade or broken (1052); A and 
B toe terminarions of D, tbe long wire, toe 
hdix or the electro-mapiet, used to complete 
the dreuit; N and P are the <aros8twires, v^ch 
can either be broui^t into contact at x, or else 
have a galvanometer (1058) or an electi^inng 
apparatus (312, 316) inteiposed thcare. 

Tbe production of the shock from toe cur- 
rent in toe erosB^wire, wfaetoer D was a long ex- 
tended wire^ or ta helix, or an electro^magnet, 
has been already described (1060, 1061, 1984). 

, 1080. Tim spark of toe cross-wke eurrent 
ooiiid be produced «t o in the nkar- 




lie eiGto»pijlieB ^ were held ei^lieis^heri or 
rubbed Ughtlj against each oth^i^ whilst .goiit 
tact was ^ken at G or £. When the communi- 
cation ifras perfect at little or no spark ap^ 
peared at G or £, When the condition of vi- 
cinity at X was favourable for the result re- 
quire, a bright spark would pass there at the 
moment of disjunction, none occurring at G 
and £ : this spark was the luminous passage of 
the extra current through the cross-wires. \^en 
there was no contact or passage of current at 
Xj then the spark appeared at G or E, the extra 
current forcing its way through the electro- 
motor itsdf* The same results were obtained 
by the use of the helix or the extended wire at 
D in place of the electro-magnet. 

1081. On introducing a fine platina wire at 
Xf and employing the dectro-magnet at D, no 
visible effects occurred as long as contact was 
continued; but on breaking contact at G or E, 
the fine wire was instantly ignited and fused. 
A longer or thicker wire could be so adjusted at 
X as to show ignition, without fusion, every 
time the contact was broken at G or E. 

1082. It is rather difficult to obtain this ef- 
fect with helices or wires, and for very simple 
reasons: with the helices i, ii, or iii, there was 
such retardation of the electric current, from 
the l^gth of wire used, that a full inch of plat- 
ina wire one-fiftieth of an inch in diameter 
could be retained ignited at the cross-wires dur- 
ing the corUinua/nce of contact, by the portion of 
electricity passing tlu'ough it. , Hence it was im- 
possible to distinguish the particular effects at 
the moments of making or breaking contact 
from this constant effect. On using the thick 
wire helix (14)55), the same results^ ensued. 

1083. Proceeding upon the known fact that 
electric currents of great quantity but low in- 
tensity, though able to ignite thick wires, can- 
not prepuce tiiat effect upon thin ones, I used 
a very fine platina wire at x, reducing its diam- 
eter until a spark appeared at G or E, when 
contact was broken there. A quarter^of an inch 
of sudi wire might be introduced at x without 
being ignited by the continmnee of contact at 
0 or E; but when contact waa. broken at eitiier 
place/ this wire became red-hot: proii^, by 
this method, the production of the indulged 
current at that moment, 

14)84* Chemical was ne^t efr 

fected by ^e cppse^-w^, an dectro- 

magne^. being uped and a deemnp9itii^ 
apparati^ of potasri^ 

^ fioipbjyad Thacon- 
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ductisgp^er of theccamectingsy^^ Q 
was »^dent to caxnr aU tlm 
and Gcmi^uentlynoihemiealactiontooh^ 
at X during the eonUnuance of contact at G 
E;; but when contact was broken; there wiw 
instantly decomposition at x. The iodine ap- 
p^red against the wire N, and not against the 
wire P; thus demonstrating that the current 
through the .cross-wires, when contact was brOf 
ken, was in the reverse direction to that marked 
by the arrow, or that which the electromotor 
would have sent throu^ it. 

1085. In this experiment a bright spark oc- 
curs at the place of disjunction, indicating that 
only a small part of the extra current pass^ the 
apparatus at x, because of the sixiall conducting 
power of the latter. 

1086. 1 found it difficult to obtain the chem- 
ical effects with the simple helices and wires, 
in consequence of the diminished inductive 
power of these arrangements, and because of 
the passage of a strong consist current at x 
whenever a very active electromotor was used 
(1082). 

1087. The most instructive set of results was 
obtained, however, when the galvanometer was 
introduced at x. Using an electro-magnet at 
and continuing contact, a current was then inr 
dicated by the deflection, proceeding from P 
to N, in the direction of the arrow; the cross- 
wire serving to carry one part of the electricity 
excited by the electromotor, and that part ^ 
the arrangement marked A B D, the other ami 
far greater part, as indicated by the arrows* 
The magnetic needle was then forced baeb» by 
pins ap^ed upon, opposite sides of its two 
tremities, to its natural position when uninfim- 
enced by a current ; after which, contact beh^ 
bro^ at G or E, it was deflected strongly iii 
the opposite dir^tion; thus showing, in ao 
cordance with the cheipical effects (1084), that 
the extra current fpQowed a course in the cross- 
wires contrary to that indicated by the arrowy 
i.e., contrary to the one produced by the direct 
action of the electromotor.^ 

1088* With the hdix only (1061), these 
f ects could scarcely be observed, in consequenpe 
of the smalls inductive force of this arrange^ ; 
ment, the opposed action from inductippin tbff, 
galvfuioineter mre itself, the mechanical ooa- 
ditipn and tension of the needle from the 

l it win* luMiiiuned experimentBUy/ 
atimigctmni'wsB jcaaBSd wough tne salvicmilHtsr 
only^ m, ^ necoie restrainad in iWsetiea es ^ 
abpve m ns tiahn*al position, when tno oumnt wga 
stop^, UP ^ratioil of the needle in the opphnte 
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blocMng (1087) wUlgt the current due to 
continuance of contact was pasring round it^ 
and because of other causes. With the extended 
wife <1064) all these circumstances had still 
greats influence, and therefore allowed less 
chance of success. 

1089. These experiments, establishing as they 
fid, by the quantity, intensity, and even direc- 
tion, a distinction between the primary or gen- 
erating current and the extra current, led me 
to conclude that the latter was identical with 
the induced current described (6, 26, 74) in the 
first series of these Researches; and this opinion 
I was soon able to bring to proof, and at the 
same times obtained not the partial (1078) but 
entire separation of one current from the other. 

1090. The double helix (1053) was arranged 
gq that it should form the connecting wire be- 
tween the plates of the electromotor, ii being 
out of the current, and its ends unconnected. 
In this condition i acted very well, and gave a 
good spark at the time and place of disjunction. 
The opposite ends of ii were then connected 
together so as to form an endless wire, i re- 
maining unchanged: but now no spark j or one 
scarcely sensible, could be obtained from the 
latter at the place of disjunction. Then, again, 
the ends of ii were held so nearly together that 
any current running round that helix should be 
rendered visible as a spark: and in this manner 
a spark. was obtained from ii when the junction 
of i with the electromotor was broken, in place 
of appearing at the disjoined extremity of i 
itselL 

1091. By introducing a galvanometer or de- 
composing apparatus into the circuit formed 
by the helix ii, I could easily obtain the deflec- 
tions and decomposition occasioned by the in- 
duced current due to the breaking contact at 
helix i, or even to that occasioned by making 
contact of that helix with the electromotor; 
the results in both cases indicating the con- 
traxy directions of the two induced currents 
thus produced (26). 

1092. All these effects, except those of de- 
composition, were reproduced by two extended 
long wires, not having the form of helices, but 
pia^ close to each oth^; and thus it was 
imVed that tire current could be removed 
from the wire carrying flie original current to 
a neighbouring wire, and was at the same time 
idm^ed, in firection and every other respect, 
with the currents producible by induction 
(tC^). The case, therefore, of the bright spai^ 

^ di^unetion may now be stated 
thei: if a current be estabUshed in a wire, and 
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another wire, forming a complete circuit, be 
placed parallel to the first, at the moment the 
current in the first is stopped it induces a cur- 
rent in the same direction in the second, the 
first exhibiting then but a feeble spark; but if 
the second wire be away, disjunction of the 
first wire induces a current in itself in the same 
direction, producing a strong spark. The strong 
spark in the single long wire or helix, at the 
moment of disjunction, is therefore the equiv- 
alent of the current which would be produced 
in a neighbouring wire if such second current 
were permitted. 

1093. ViteMng the phenomena as thej results 
of the induction of electrical currents, rnany of 
the principles of action, in the former experi- 
ments, become far more evident and precise. 
Thus the different effects of short wirea long 
wires, helices, and electro-magnets (10691 may 
be comprehended. If the inductive action of a 
wire a foot long upon a collateral wire also a 
foot in length be observed, it will be found very 
small; but if the same current be sent throu^ 
a wire fifty feet long, it will induce in a neigh- 
bouring wire of fifty feet a far more powerful 
current at the moment of making or breaking 
contact, each successive foot of wire adding to 
the sum of action; and by parity of reasoning, 
a similar effect should take place when the 
conducting wire is also that in which the in- 
duced current is formed (74) : hence the reason 
why a long wire gives a brighter spark on break- 
ing C/ontact than a short one (1068), although 
it carries much less electricity. 

1094. If the long wire be made into a helix, it 
will then be still more effective in producing 
sparks and shocks on breaking contact; for by 
the mutual inductive action of the convolu- 
tions each aids its neighbour, and will be aided 
in turn, and the sum of effect will be very 
greatly increased. 

1095. If an electro^magnet be employed, the 
effect will be still more highly exalted ; because 
the iron, magnetized by the power of the con- 
tinuing current, will lose its magnetism at the 
moment the current ceases to pass, and in so 
doing will tend to produce an electric current 
in the wire around it (37, 38), in conformity 
with that which the cessation of current in the 
hefix itself also tends to produce. 

1096. By applying the laws of the induction 
of electric currents formerly developed (6, Ac.), 
various new conditions of theexperiments could 
be devised, which by their results should serve 
as tests of the accuracy of the view just given. 
1%U8, if a long wire be doubled, so the 
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current in the two halves shall have apposite 
actions, it ought not to |^ve a sensible spark at 
the moment of disjunction: and this proved to 
be the case, for a wire forty feet long, covered 
with silk, being doubled and tied closely to- 
gether to within four inches of the extremities, 
when used in that state, gave scarcely a per- 
ceptible spark; but being opened out and the 
parts separated, it gave a very good one. The 
two helices i and ii being joined at their similar 
ends, and then used at their other extremities 
to connect the plates of the electromotor, thus 
constituted one long helix, of which one half 
was opposed in direction to the other half: un- 
der these circumstances it gave scarcely a sen- 
sible spark, even when the soft iron core was 
within , although containing nearly two hundred 
feet of wire. When it was made into one con- 
sistent helix of the same length of wire it gave 
a very bright spark. 

1097. Similar proofs can be drawn from the 
mutual inductive action of two separate cur- 
rents (1110) ; and it is important for the general 
principles that the consistent action of two 
such currents should be established. Thus, two 
currents going in the same direction should, if 
simultaneously stopped, aid each other by their 
relative influence; or if proceeding in contrary 
directions, should oppose each other under sim- 
ilar circumstances. I endeavoured at first to 
obtain two currents from two different electro- 
motors, and passing them through the helices i 
and ii, tried to effect the disjunctions mechan- 
ically at the same moment. But in this I could 
not succeed; one was always separated before 
the other, and in that case produced little or 
no spark, its inductive power being employed 
in throwing a current round the remaining com- 
plete circuit (1090): the current which was 
stopped last always gave a bright spark. If it 
were ever to become needful to ascertain wheth- 
er two junctions were accurately broken at the 
same moment, these sparks would afford a test 
for the purpose, having an infinitesimal degree 
of perfection. 

1098. 1 was able to prove the points by other 
expedients. Two short thick wires were select- 
ed to serve as terminations, by which contact 
could be made or broken with the electromotor. 
The compound helix, consisting of i and u 
(1053), was adjusted so that the extremities of 
the two helices could be placed in communicar 
tion with the two terminal wires, in euch a 
manner that the current moving trough the 
^ck wires should be divided into two equal 
portions in the two h^ces, tiiese portions tra v- 
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dling, according to the mode of connexion, 
dther in the same direction or in contrary di*- 
rectionsat pleasure. In this mann^ two streams 
could be obtained, both of which could be 
stopped simultaneously, because the disjunc- 
tion could be broken at G or F by removing a 
single wire. When the helices were in contrary 
directions, there was scarcely a sensible spark 
at the place of disjunction ; but when they were 
in accordance there was a very bright one. 

1099. The helix i was now used constantly, 
being sometimes associated, as above, with helix 
ii in an according direction, and sometimes 
with helix iii, which was placed at a little dis- 
tance. The association i and ii, which present- 
ed two currents able to affect each other by in- 
duction, because of their vicinity, gave a bright- 
er spark than the association i and iii, where 
the two streams could not exert their mutual 
influence; but the difference was not so great 
as I expected. 

1100. Thus all the phenomena tend to prove 
that the effects are due to an inductive action, 
occurring at the moment when the principal 
current is stopped. I at one time thought they 
were due to an action continued during the 
whole time of the current, and expected that a 
steel magnet would have an influence accord- 
ing to its position in the helix, comparable to 
that of a soft iron bar, in assisting the effect. 
This, however, is not the case; for hard steel, 
or a magnet in the helix, is not so effectual as 
soft iron; nor does it make any difference how 
the magnet is placed in the helix, and for very 
simple reasons, namely, that the effect does 
not depend upon a permanent state of the core, 
but a change of state; and that the magnet or 
hard steel cannot si^ through such a differ- 
ence of state as soft iron, at the moment con- 
tact ceases, and therefore cannot produce an 
equal effect in generating a current of electric- 
ity by induction (34, 37). 

1101. As an electric current acts by induction 
with equal energy at the moment of its com- 
mencement as at the moment of its cessation 
(10, 26), but in a contrary direction, the rete"? 
ence of the effects under examination to an in- 
ductive action would lead to the contusion 
that corresponding effects of an oppwte na- 
ture must occur in a long wire, a helix, <Mr asq 
dectro-magnet, every time that corUact U made 
with the electromotor. These effects wiU tend 
to establish a resistance for the first momeni 
in the long ccmductor, producing a result equiv- 
alent to the reverse of a shock or a spark N ow 
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it U to devw nMosi fit foi* ^ 

i*eic6gifitibfi Of such negative teenlts; but as it 
ie pi^babie^ some positive effect is pren- 
dhieed'Ot the time, if we ^ew what to expek, I 
think f&e few facts bearing upon this subject 
with which I am acquaint^ are worth record- 
mg- ' 

1102. The electro-magnet was arranged with 
ah electrolysing apparatus at x, as before de- 
scribed (1084), except that the intensity of the 
diemical action at the electromotor was in- 
icreased until the electric current was just able 
to produce the feeblest signs of decomposition 
wldlst contact was continued at G and E (1070) 
(the iodine of course appearing against the end 
of the cross-wire P) ; the wire N was also separ 
rated from A at r, so that contact there could 
496 made or broken at pleasure. Under these 
i^cumstances the following set of actions was 
repeated several times: contact Was broken at 
f , then broken at G, next made at r , and lastly 
renewed at G; thus any current from N to P 
diiC to breaking of contact was avoided, but any 
additional force to the current from P to N due 
to making contact could be observed. In this 
way it was found that a much greater decom- 
posing effect (causing the evolution of iodine 
against P) could be obtained by a few comple- 
tions of contact than by the current which 
could pass in a much longer time if the contact 
was eantinued. This I attribute to the act of in- 
duction in the wire A B D at the moment of 
contact rendering that wire a worse conductor^ 
or rather retarding the passage of the electric- 
ity through it for the inslknt, and so throwing 
a greater quantity of the electricity which the 
di^ctromotor could produce throu^ the cross- 
vdre passage N P. The instant the induction 
Ci^ased, A B D resumed its full pow^ of carry- 
mg a coxmtant curr^t of electricity, and could 
it highly increased, as we Imow by the 
loWner experiments (1050) by the (^>p6tite in- 
dtietive action brought into activity at the mo- 
contact at Z or C was 5rofeen. * 

' ilOS. A galvanometer was then introduced 
at and &e deflection of the needle noted 
contact was continued at G and E : the 
neec^ was tii^ blo^ed before in one direo; 
1^ <i087), so it should not return wh^ 
iSba currimt but mnsin in the position 
In' Which the current cknffd r^tnin it. Contact a;t 
^ was farokmv ^nq^dng of course nd 
; it was mmii, axKl the 
. igw mstantly deflected, pasting from the block- 
to a position ,stiU farther from its nat- 
-itiwpiaee than that which the constant euirent 


C(M j^ve, and ihow^ by Ihe tsm]^ 

rary excess of Gunwnt in this cross communica^ 
tion, the temporary retardation in the dreuit 
ABD. - 

1104. On adjusting a platina wire at x (1081) 
so that it should not be ignited by the current 
pasting through it whilst contact at G and E 
was eonJtinuedy and yet become red-hot by a 
current somewhat more powerful, I was readily 
able to produce its ipiition upon making conr 
tad, and again upon breaking contact. Thus the 
momentary retardation in A B D on making 
contact was again shown by this result, as weU 
also as tKb^>ppotite result upon breaJmg con- 
tact. The two ignitions of the wire at i were of 
course produced by electric curr^ts moving in 
opposite directions. 

1105. Using the helix only, I could hot ob- 
tain distinct deflections at x, due to thVextra 
effect on making contact, for the reas^ al- 
ready mentioned (1088). By using a very fine 
platina wire there (1083), I did succeed in ob- 
taining the igniting effect for making contact 
in the same manner, though by no means to 
the same degree, as with the electro-magnet 
(1104). 

1106. We may also consider and estimate the 
effect on making contact, by transferring the 
force of induction from the wire carrying the 
original current to a lateral wire, as in the cases 
described (1090) ; and we then are sure, both 
by the chemical and galvanometrical results 
(1091), that the forces upon making and break- 
ing contact, like action and reaction, are equal 
in thtir strength but contrary in their direc- 
tion. If, therefore, the effect on making contact 
resolves itself into a mere retardation of the 
current at the first moment of its existence, it 
must be, in its degree, equivalent to the high 
exaltation of that same current at the moment 
contact is broken. 

1107. Thus the case, under the circumstances, 
is that the intentity and quantity of electricity 
moving in a current are smaller when the cur- 
rent commences or is increased, and greater 
when it dimimsbes or ceases, than they would 
be if the inductive action oecuiring at these 
moments did not ttike place; or than tl^ are 
in the dri^nal client wire if the inductive ac- 
tion be tmhsferred from that wire tea ooUat- 
eral one (1090): 

1108. From ^e facility of trsnsterence to 

neighbouring wtres, and ftom ibO effeda gen- 
erally, the ii^aetive forces aispear to be lateral, 
ie., exerts ih a dimction the 

direction icff tite originating ahd 
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Ui he ^mixrin^ 
reprfsfmUsi W JBa^xetic inmreB, luul dose* 
ly related tO| if not id^tical ^th| magoetie 
forces* 

L109. There can be no doubt that the cur* 
rent in one part of a wire can act by kiduction 
upon other parts of the same wire which are 
lateral to the first, i.e,, in the sapie veitical sec- 
tion (74), or in the parts which are more or less 
oblique to it (1112), just as it can act in pro- 
ducing a current in a ndghbouring wire or in a 
neighbouring coil of the same wire. It is this 
which gives the appearance of the current act- 
ing upon itsdf : but all the experiments and all 
ar^ogy tend to show that the elements (if I 
may so say) of the currents do not act upon 
themsdves, and so cause the effect in question, 
but produce it by exciting currents in conduct- 
ing matter which is lateral to them. 

1110. It is possible that some of the expi*es- 
sions I have used may seem to imply that the 
inductive action is essentially the action of one 
current upon another, or of one element of a 
current upon another element of the same cur- 
rent. To avoid any such conclusion I must ex- 
plain more distinctly my meaning. If an end- 
less wire be taken, we have the means of gen- 
erating a current in it which shall run round 
the circuit without adding any electricity to 
what was previously in the wire. As far as we 
can judge, the electricity which appears as a 
current is the same as that which before was 
quiescent in the wire ; and though we cannot as 
yet point out the essential condition of differ- 
ence of the electricity at such times, we can 
easily recognize the two states. Now when a 
current acts by induction upon conducting mat- 
ter lateral to it, it probably acts upon tl^ elec- 
tricity in that conducting matter whether it be 
in the form of a current or quiescef^f in the one 
case increasing or diminishing the current ac- 
cording to its direction, in the other producing 
a current, and the anumni of the mductive ac- 
tion is probably the same in both cases. Hence, 
to say that the action of induction depended 
upon the mutual relation of two or more cur- 
rents would, according to the restricted sense 
in which the term current is understood at 
present (21^, 617, 667) be an error. 

Ull« ^vc^ of theeS^tSras, for instances^ 
those with hehces (1066}, with according or 
counter currents (1097, 1098), and those on the 
production of lateral currents (1090), appeared 
to iiidij[$a|e:tbat a mmA cemhi produce s^ef** 
feet of induction in a neiii^bouring wire more 
^^eadfiy than in its own carrying wire, in which 


ease it might be expect^ tlmt soi^ yamlicin 
of result; Would be proclueedMa bundle o^ndree 
were used as a eonductm* instead of a suq^ 
wire. In consequence the following experimeate 
were made. A copper wire one twenty-thud ^ 
an inch in diameter was cut into lengths of five 
feet each, aaid six of these being laid side by 
side in one bundle, had their opposite extrem- 
ities soldered to two terminal pieces of copper. 
This arrangement could be usi^ as a discha^ 
ing wire, but the genmtl current could be 
vided into six parallel streams, which might be 
brought close together, or, by the separation ci 
the wires, be t^en more or less out of each 
other’s influence. A somewhat brighter spark 
was, I think, obtained on breaking contact 
when the six wires were dose together than 
when held asunder. 

1112. Another bundle, containing twenty of 
these wires, was eighteen feet long: terminal 
pieces were one-fifth of an inch in diameter, 
and each six inches long. This was compared 
with nineteen feet in length of copper wire one- 
fifth of an inch in diameter. The bundle gave a 
smaller spark on breaking contact than the 
latter, even when its strands were held togeth- 
er by string : when they were separated, it gave 
a still smaller spark. Upon the whole, however, 
the diminution of effect was not such as I ex^ 
pected: and I doubt whether the results can he 
considered as any proof of the truth of the sup^ 
position which gave rise to them, 

1113. The inductive force by which two ele- 
ments of one current (1109, 1110) act upon each 
other appears to diminish as the line joining 
them b^omes oblique to the direction of the 
current and to vani^ entirely when it is paral^ 
Id, I am led by some results to suspect it 
th^ even passes into the repulsive force no- 
ticed by Ampere;^ whichis the cause of the de^ 
vations in mercury described by Sir Humphry 
Davy,’ and which agmn is probably directly 
connected with the quality of intensity. 

1114* Notwithstanding that the ^betsap^ 
pear only at the making and breaking of etaih 
tact (the xmrreaat rmoaining unaffect^, seepipr 
ingly, in the interval), I cannot resist the W 
pression that timre is some connected mil 
corre&pondent effect produced by this latent 
action of the etenents of the dectrio etiMt . 
during the time of its continuance (60, 242}« Aft 
action of this Mnd, in fact, is evident fo llte 
magnetic lelations of the parts of the eds^egil^ 
But admitting (as we may do to tim 

*Pha6$&phM TramaetvMg, 
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tibe zoagnetie forces to constitute the power 
which produces such striking and different re- 
sults at the conunencement and termination of 
a current, still there appears to be a link in the 
chmn of effects, a wheel in the physical mech- 
anism of the action, as yet unrecognised. If we 
endeavour to consider electricity and magnet- 
ism as the results of two forces of a physical 
agent, or a peculiar condition of matter, exert- 
ed in determinate directions perpendicular to 
each other, then, it appears to me, that we 
must consider these two states or forces as con- 
vertible into each other in a greater or smaller 
degree; i.e., that an element of an electric cur- 
rent has not a determinate electric force and a 
determinate magnetic force constantly existing 
in the same ratio, but that the two forces are, 

, Jbo a certain degree, convertible by a process or 
change of condition at present unknown to us. 
How else can a current of a given intensity and 
quantity be able, by its direct action, to sustain 
a state which, when allowed to react, (at the 
cessation of the original current) shall produce 
a second current, having an intensity and quan- 
tity far greater than the generating one? This 
cannot result from a direct reaction of the elec- 
tric force; and if it result from a change of elec- 
trical into magnetic force, and a reconversion 
back again, it will show that they differ in 
something more than mere direction, as regards 
that agent in the conducting wire which consti- 
tutes their immediate cause. 

1115. With reference to the appearance, at 
different times, of the contrary effects produced 
by the making and brealing contact, and their 
separation by an intermediate and indifferent 
state, this separation is probably more appar- 
ent than real If the conduction of electricity 
be effected by vibrations (283), or by any other 
mode in which opposite forces are successively 
and rapidly excited and neutralized, then we 
mght expect a peculiar and contrary develop- 
ment of force at the commencement and term- 
ination of the pmods during which the con- 
ducting action should last (somewhat in anal- 
ogy wiSi the colours produced at the outside of 
an imperfectly developed solar spectrum) : and 
the intermediate actions, although not sensible 
in ihe same way, may be very important and, 
for instance, p^aps constitute the very es- 
sence of conductibility. It is by views and rea- 
sons such as these, wMch seem to me connect- 
ed with the fundamental laws and facts of 
ti^Mitrieal sdenee, that I have been induced to 


enter, more minutely than I othmwise should 
have done, into the experimental examination 
of the phenomena described in this paper. 

1116. Before concludmg, I may briefly re- 
mark that on using a voltaic battery of fifty 
pairs of plates instead of a single pair (1052), 
the effects were exactly of the same kind. The 
spark on making contact, for the reasons be- 
fore given, was very small (1101, 1107); that 
on breaking contact, very excellent and bril- 
liant. The conUnuoua discharge did not seem 
altered in character, whether a short wire or 
the powerful electro-magnet were usedas a con- 
necting diA^iarger. 

1117. The effects produced at the commence- 
ment and end of a current (which are s^ «ted 
by an interval of time when that current is sup- 
plied from a voltaic apparatus) must qccur at 
the same moment when a common elecilric dis- 
charge is passed through a long wire. Whether, 
if happening accurately at the same moment, 
they would entirely neutralize each other, or 
whether they would not still give some definite 
peculiarity to the discharge, is a matter re- 
maining to be examined; but it is very prob- 
able that the peculiar character and pungency 
of sparks drawn from a long wire depend in 
part upon the increased intensity given at the 
termination of the discharge by the inductive 
action then occurring. 

1118. In the wire of the helix of magneto- 
electric machines (as, for instance, in Mr. Sax- 
ton’s beautiful arrangement), an important in- 
fluence of these principles of action is evidently 
shown. From the construction of the apparatus 
the current is permitted to move in a complete 
metallic circuit of great length during the first 
instants of its formation: it gradually rises in 
strength, and is then suddenly stopped by the 
breaking of the metallic circuit; and thus great 
intensity is given bg inductim to the electric- 
ity, which at that moment passes (1060, 1064). 
This intensity is not only shown by the brillian- 
cy of the spark and the strength of the shock, 
but also by tiie necessity which has been ex- 
perienced of well-insulating the convolutions 
of the helix, in which the current is formed: 
and it gives to the current a force at these mo- 
ments very far above that which the appara- 
tus could produce if the principle which forms 
the subject of this paper were not called into 
play. 

Royal IiMHMikm, December 8, 1884 
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1119. I HATE lately had occasion to examine 
the voltfdc trough practically, with a view to 
improvements in its construction and use; and 
though I do not pretend that the results have 
anyt&ng like the importance which attaches 
to the discovery of a new law or principle, I 
still think they are valuable, and may there- 
fore, if briefly told, and in connexion with 
former papers, be worthy the approbation of 
the Royal Society. 

§ l&.OnanImprovedFtnmofiheVciliaicBaUery 

1120. In a simple voltaic circuit (and the 
same is true of the battery) the chemical forces 
which, during their activity, give power to the 
instrument, are generally divided into two por- 
tions; one of these is exerted locally, whilst the 
other is transferred round the circle (947, 996) ; 
the latter constitutes the electric current of the 
instrument, whilst the former is altogether lost 
or wasted. The ratio of these two portions of 
power may be varied to a great extent by the 
influence of circumstances: thus, in a battery 
not closed, aU the action is local; in one of the 
ordinary construction, much is in circulation 
when the extremities are in communication: 
and in the perfect one, which I have described 
(1001), aU the chemical power circulates and 
becomes electricity. By referring to the quan- 
tity of zinc dissolved from the plates (865, 
1126), and the quantity of decomposition ef- 
fecteki in the volta-electrometer (711, 1126) or 
elsewhere, the proportions of the local and 
transferred actions under any particular cir- 
cumstances can be ascertained, and the efficacy 
of the voltaic arrangement, or the waste of 
chemical power at its zinc plates, be aoourately 
determined. 

1121. If a voltaic battery were constructed 
of zme and pLatina, the latter metal surround- 
ing the former, as in Ihe double copper ar- 
rangement, and the whole bring excited by 
<Ulute sulphuric arid, then no insulating divi- 
rimos of 1^1^ poreriainor air would berequved 
between the contiguous platina surfaces; and, 


provided these did not touch metallically, the 
same acid which,' being between tiie zinc and 
platina, would excite the battery into powen- 
ful action, would, between the two surfaces of 
platina, produce no discharge of the electricity, 
nor cause any diminution of the power of the 
trough. This is a necessary consequence of the 
reristance to the passage of the current which 1 
have shown occurs at the place of decompori- 
tion (1007, 1011); for that resistance is fully 
able to stop the current, and therefore acts as 
insulation to the electricity of the contiguous 
plates, inasmuch as the current which tends to 
pass between them neYm* has a higher intensity 
than that due to the action of a single pair. 

1122. If the metal surrounding the zinc be 
copper (1045), and if the acid be nitro-sul- 
phuric acid (1020), then a slight discharge be- 
tween the two cemtiguous coppeis does take 
place, provided there be no other channri open 
by which the forces may circulate; but when 
such a channel is permitted, the return or back 
discharge of which I speak is exceedingly di- 
minished, in accordance with the principles laid 
down in the Ei^th Series of these Researches, 

1123. Guided by these principles I was led to 
the construction of a voltaic trough, ip whiok 
the coppers, passing round both surfaces of the 
zincs, as in Wollaston’s construction, should 
not be separated from each other except by an 
mtervening thickness of paper, or in some other 
way, so as to prevent metallic contact, and 
should thus constitute an instrument compact, 
powerful, economical, and easy of use. C>n ex- 
amining, however, what had been done before, 
I found that the new trough was in all essmtiat 
respects the same as that mvented and de^ 
scribed by Dr. Hare, Professor in the Hmy^ 
sity of Pennsjdvania, to whom I have gi^ 
pleasure in rrierring it. 

1124. Dr. HarehasfnUydescribedhisir0!Qi|^;| 

iPAitoaonhiMl JUaeasiM, 1824, Vot. 

241; (Nr Smimn’s Journal, Vol. VIL Seealaca prpi 
vUm paper by Dr. Hara, Annals of FmaSOpht, 
1821, Vol. I, p, 329, in which he spaaSa ri.tirifum- 
neoessity (n inaulatim between the (xriptni, 
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& it ^tlg^toUB wpp&e plates are eepa* 
rated thin veneers of wood, and Hie add is 
poored on to, or (^, the plates by a quarter rev- 
olution of an axis, to which both the, trpu|^ 
containing the plates, and another trough to 
odlect and hold the liquid, are fixed. This ar- 
rangement I have found the most convenimit 
of any, fmd have therefore adopted it. My sinc 
plates were cut from rolled metal, and when 
soldered to the copper plates had the form de- 
lineated, Fig. 1. These were then bent over a 



Fig. 1 


gauge into the form Fig. 2, and when packed 
in the wooden box constructed to receive them, 
were arranged as in Fig. 5,^ little plugs of cork 



Fig. 2 Fig. 3 


bmg used to keep the sine plates from touch- 
the copper plates, and a single or double 
thickness of cartridge paper being interposed 
b^ween the contiguous surfaces of copper to 
prevent them from coming in contact. Such 
w^ the facility affprded by this arrangement, 
iliat a trough of foity pairs of plates could be 
unpacked in five minutes, and repacked again 
hi half an hour; and the whole series was not 
inore than fifte^ inches in length. 

11^. This trough, of forty pairs of plates 
Ijbim ih^es square, was compared, as to the 
%ihadn of a plaHna wire, the discharge be- 
tween points charcoal, the shock on the hu- 
htan Jteune, &c., with forty pairs of four-inch 
platesha'^i^doublecoppers, andusedinporce- 
bthi trod^ divided into insulating cells, the 


ibmigih of tho acid mqployed to excite both 
the same. In all these effects the forme^r 
eqtud to the latter. On com- 

« ig a second trough of the new construe^ 
^tamingtwrnity pairdt^ four-inchplates, 
^tw^ty pairs of four-inch plates in porce- 


^troQj^,exdtedbyaci(k>fthesamestrength, 


Tldi papers between the coppers are, for the sake 
^asHaotnees; omitted in the ngm. 


the new trou^ a|q^eared to latrpite the oM 
one in producing thm effects, especially in the 
ignition of wire. 

1126. In these experiments the new trough 
diminished m its energy much more rapi(Uy 
than the one on the old construction, and this 
was a necessary consequence of the smaller 
quantity of acid used to ^cite it, which in the 
case of the forty pairs of new construction was 
only one-seventh part of that used for the forty 
pairs in the porcelain troughs. To compare, 
therefore, both forms of the voltaic trough in 
their decomposing powers, and to obtain ac- 
curate data^ to their relative values, lexperi- 
ments of the following kind were maae. The 
troughs were charged with a known quantity 
of acid of a known strength; the electnc cur- 
rent was passed through a voltarelectrometer 
(711) having electrodes 4 inches long and 2.3 
inches in width, so as to oppose as littl^ ob- 
struction as possible to the current; the gases 
evolved were collected and measured, and gave 
the quantity of water decomposed. Then the 
whole of the charge used was mixed together, 
and a known part of it analysed, by being pre- 
cipitated and boiled with excess of carbonate 
of soda, and the precipitate well-washed, dried, 
ignited, and weighed. In this way the quaiility 
of metal oxidiz^ and dissolved by the acid 
was ascertained; and the part removed from 
each zinc plate, or from all the plates, could be 
estimated and compared with the water de- 
composed in the volta-electrometer. To bring 
these to one standard of comparison, I have re- 
duced the results so as to express the loss at the 
plates in equivalents of zinc for the equivalent 
of water decomposed at the volta-electrometer: 
I have taken the equivalent number of water 
as 9, and of zme as 32.5, and have considered 
100 cubic inches of the mixed oxygen and hy- 
drogen, as they were collected over a pneu- 
matic trough, to result from the decomposition 
of 12.68 grains of water. 

1127. The acids used in these e^riments 
were three: sulphuric, nitric, and muriatic. The 
sulphuric acid was strong oil of vitriol; one 
cubical inch of it was equivalent ip 486 grains 
of marble. The nitric acid was very nearly 
pure; one cubical inch diffioived ISO g^eihs of 
marble. The muriatic acid was -also nasr^ pure, 
and one cubical inch dissolved 108 giai^ of 
marble. These were always mixed with v^ater 
by volumes, Hie standard of volume a 
cubical incli. 

1128. a^d was piepared 

parts idd, ^ ^ 





parts nitric add ; aad bot 

ecHitainmg forty pairs of three^inch {dates, and 
four porcdain troughs, arranged in succession, 
eadi containing ten pairs of plates with double 
coppers four inches square, were charged. These 
two batteries were then used in succession, and 
the action of each was allowed to continue for 
twenty or thirty minutes, until the charge was 
nearly exhaust^, the connexion with the volta- 
electrometer being carefully preserved during 
the whole time, and the acid in the troughs oc- 
casionally mixed together. In this way the 
former trough acted so well, that for each equiv- 
alent of water decomposed in the volta-elec- 
trometer only from 2 to 2.5 equivalents of sine 
were dissolved from each plate. In four experi- 
ments the average was 2.21 equivalents for each 
plate, or 88.4 for the whole battery. In the ex- 
periments with the porcelain troughs, the equiv- 
alents of consumption at each plate were 3.54, 
or 141.6 for the whole battery. In a perfect vol- 
taic battery of forty pairs of plates (991, 1001) 
the consumption would have been one equivar 
lent for each zinc plate, or forty for the whole. 

1129. Similar experiments were made with 
two voltaic batteries, one containing twenty 
pairs of four-inch plates, arranged as I have 
described (1124), and the other twenty pairs of 
four-inch plates in porcelain troughs. The aver- 
age of five experiments with the former was a 
consumption of 3.7 equivalents of zinc from 
each plate, or 74 from the whole: the average 
of three experiments with the latter was 5.5 
equivalents from each plate, or 110 from the 
whole: to obtain this conclusion two experi- 
ments were struck out, which were much against 
the porcelain troughs, and in which some un- 
known deteriorating influence was supposed to 
be accidentally active. In all the e3q)mm6nts, 
care was taken not to compare new and old 
plates together, as that would have introduced 
serious errors into the conclusionB (1146). 

1130. When ten pairs of the new arrange- 
ment were used, the consumption of zinc at 
eadi plate was 6.76 equivalents, or 67.6 for the 
whole. With ten pairs of the common construc- 
tion, in a porcelain trough, the zinc oxidized 
was, upon an average, 15^5 equivaleids for 
each plate, or 155 for the mtire trough. 

1131. No doubt, thaiefore, can remain of the 
equality or even the great superiority of this 
form of voltaic battery over the best previously 
in use, namely, that with double coppers, in 
which.the cells are insulated. The inshifitlon of 
the co^pets am^ thetefm^ be dispensed with; 
^d itisihat droumstance whiih {»iiidpe% 


femiU of such other iterations in the 
striiction of the ta'ough as ives it its prsfotical 
advantages. 

1132. The advantages of this forin of trou|^ 
are very numerous and great. i.Itisexoee<^g^ 
ly compact, for 100 pairs of plates need not oc- 
cupy a trough of more than three feet in lengtlu 
iL By Dr. Hare’s plan of making the trou^ 
turn upon copper pivots which rest upon cop- 
bearings, the latter afford fixed terminal 
tions; and these I have found it very conven- 
ient to connect with two cups of mercury, 
fastened in the front of the stand of the instru- 
ment. These fixed terminations give the great 
advantage of arranging an apparatus to be 
used in connexion with the battery before the 
latter is put into action, iii. The trough is put 
into readiness for use in an instant, a single jug 
of dilute acid being sufficient for the charge of 
100 pairs of four-inch plates, iv. On making the 
trough pass through a quarter of a revolution, 
it becomes active, and the great advantage is 
obtained of procuring for the experiment the 
effect of the first contact of the zinc and acid, 
which is twice or sometimes even thrice that 
which the battery can produce a minute or two 
after (1036, 1150). v. When the experiment is 
completed, the acid can be at once poured 
from between the plates, so that the battery is 
never left to waste during an unconnected stote 
of its extremities; the acid is not unnecessarily 
exhausted; the zinc is not uselessly consumed; 
and, besides avoiding these evils, the charge vt 
mixed and rendered uniform, which produces 
a great and good result (1039) ; and, upon pro- 
cei^ng to a second experiment, the important 
effect of first contact is again obtained, vi. The 
saving of zinc is very great. It is not merely 
that, whilst in action, &e zinc performs more 
voltaic duty (1128, 1129), but M the destruc^ 
tion which takes place with the ordinary forms 
of battery between the e]q>eriment8 is pre- 
vented. This saving is of such extent, that I es- 
timate the zinc in the new form of battery to 
be thrice as effective as that in the ordu^ry 
form. vii. The importance of this saving; of 
metal is not merely that the value of the zino ih 
saved, but that the battery is mudh lighter aUli 
more manageable; and also that the suifaceB<]l 
the rinc and copper plates may be broiglii^ 
much nearer to each other when the battery || 
constructed, and remain so until it is 
the latt^ is a very important advantagei 
vifi. Agam, as, in consequence of tlm aavu^ 
thinxmr {dates will perform tlm duty of thid^ 
ones, rolled zinc may be UBed;imd 1 hayofeuiid 




fm&Qix attenddd to ivith 

kkt trou|^ Isatteiies in the expmm^td de? 
acribed Jcc.). If a few foul plates are 
fufegled with many clean ones^ they make the 
action in the different celb irregul^, and the 
tw^rable power is accordingly diminishedi 
whilst the local and wasted power is increased. 
No old charge containing copper should be 
used to excite a battery. 

1146. New and old plates* I have found vd- 
taic batteries far more powerful when the plates 
were new than when they have been used two 
or three times; so that a new and a used bat- 
tery cannot be compared together, or even a 
battery with itself on the first and after times 
of use. My trough of twenty pairs of four-inch 
plates, charged with acid consisting of 200 
water, 4^ oil of vitriol, and 4 nitric acid, lost, 
npoa the first time of being used, 2.32 equiva- 
lents per plate. When used after the fourth 
time with the same charge, the loss was from 
3J26.to 4.47 equivalents per plate; the average 
being 3.7 equivalents. The first time the forty 
pair of plates (1124) were used, the loss at each 
plate was only 1.65 equivalent; but afterwards 
it became 2.16, 2.17, 2.52. The first time twenty 
pair of four-inch plates in porcelain troughs 
were used, they lost, per plate, only 3.7 equiv- 
alents; but after that, the loss was 5.25, 5.36, 
5.9 equivalents. Yet in all these cases the zincs 
had been well-cleaned from adhering copper, 
before each trial of power. 

J147. With the rolled zinc the fall in force 
soon appeared to become constant, i.e., to pro- 
ceed no further. But with the cast zinc plates 
b^on^ng to the poi*celain troughs, it appeared 
to continue, until at last, witii the same charge, 
eadi {date lost above twice as much zinc for a 
givenamount of action as at first. These troughs 
however, so irregular that I could not al- 
detenmne the circumstances affecting 
the amount of electrolytic action. 

. 1148. Vidmty of the copper and zinc. The im- 
pcotssioe of this point in the construction of 
ydUc arrangements, and the greater power, 
to immediate action, which is obtained when 
Jane and copper surfaces are near to each 
other than when removed faither apart, are 
well that the power is not only 

greater lairtibe hsstant, but aim tiiat the sum of 
tssuoiferable pow4», in relation to the whole 
ingA 4Qf :c3iemieal a^n at the plates, is much 
teoMsed. The cause of this gain is very evi- 

t st. Whatever tends to retard the circulation 
the transferable force (Le., the electricity) 
the proportion :effeiieh force, and 


increases the proportion of that ydudi is 
(906, 1120). Now the liquid in the cells pos- 
sesses this retarding power, and therefore acts 
injuriously, in greats or less proportion, ac-' 
cording to the quantity of it between the tine 
and copper plates, i.e., according to the dis- 
tances between their surfaces. A trough, there- 
fore, in which the plates are only half the 
distance asunder at which they are placed in 
another, will produce more transferable, and 
less local, force than the latter; and thus, ber 
cause the electrolyte in the cells can transmit 
the current more readily, both the intensity 
and quantity -of electricity is increased for a 
given consumption of zinc. To this circum- 
stance mainly I attribute the superiorityW the 
trough I have described (1134). \ 

1149. The superiority of double copper® over 
single plates also depends in part upon dunin- 
ishing the resistance offered by the electr^yte 
between the metals. For, in fact, with double 
coppers the sectional area of the interposed 
acid becomes nearly double that with single 
coppers, and therefore it more freely transfers 
the electricity. Double coppers are, however, 
effective, mainly because they virtually double 
the acting surface of the zinc, or nearly so; for 
in a trough with single copper plates and the 
usual construction of cells, that surface of zinc 
which is not opposed to a copper surface is 
thrown almost entirely out of voltaic action, yet 
the acid continues to act upon it and the met- 
al is dissolved, producing very little more than 
local effect (947, 996). But when by doubling 
the copper, that metal is opposed to the second 
surface of the zinc plate, then a great part of the 
action upon the latter is converted into trans- 
ferable force, and thus the power of the trough 
as to quantity of electricity is highly exalt^. 

1150. First immersion of the plates. The great 
effect produced at the first immersion of the 
plates (apart from their being new or used 
[1146]) 1 have attributed elsewhere to the un- 
changed condition of the acid in contact with 
the zinc plate (1003, 1037) : as the acid becomes 
neutralized, ife exciting power is proportion- 
ably diminished. Hare’s form of trough secures 
much advantage of this kind, by mingling the 
liquid, and bringing what may be considered 
as a fresh surface of acid against the plates 
every time it is used immediately after a rest. 

1151. Number qf plates} The most advan- 
tageous number of plates in a battery liuBed for 
eh^otical decomposition dcqpends almost 

tOay-Loteo and Thenard, 

VoL 1, p. 29. ; s . : \ 





tSrely upon {he rei^Bitetiee t6 be otenseme et 
the place of action; but whatev^ that reckt- 
ance may be, there is a certain number which 
is more economical than either a greater or a 
less. Ten pairs of fouMnch plates in a porcelain 
trough of the ordinary construction, acting in 
the volta-electrometer (1126) upon dilute sul- 
phuric acid of spec. gray. 1.314, gave an aver- 
age consumption of 15.4 equivalents per plate, 
or 154 equivalents on the ^ole. Twenty pairs 
of the same plates, with the same acid, gave 
only a consumption of 5.5 per plate, or 110 
equivalents upon the whole. When forty pairs 
of the same plates were used, the consumption 
was 3.54 equivalents per plate, or 141.6 upon 
the whole battery. Thus the consumption of 
zinc arranged as twenty plates was more advan- 
tageous than if arranged either as tenor b& forty. 

1152. Again, ten pairs of my four-inch plates 
(1129) lost 6.76 each, or the whole ten 67.6 
equivalent of zinc, in effecting decomposition; 
whilst twenty pairs of the same plates, exciteci 
by the same acid, lost 3.7 equivalents each, or 
on the whole 74 equivalents. In other compar- 
ative experiments of numbers, ten pairs of the 
three inch-plates (1125) lost 3.725, or 37.25 
equivalents upon the whole ; whilst twenty pairs 
lost 2.53 each, or 50.6 in all ; and forty pairs lost 
on an average 2.21, or 88.4 altogether. In both 
these cases, therefore, increase of numbers had 
not been advantageous as to the effective pro- 
duction of transferable chemical power from the 
whole quantity of chemical force active at the 
surfaces of excitation (1120). 

1153. But if lhadusedaweakeracidor aworse 
conductor in the volta-electrometer, then the 
number of plates which would produce the 
most advantageous effect would have risen; or 
if I had used a better conductor than that reaUy 
employed in the volta-electrometer, I might 
have reduced the number even to one; as, for 
instance, when a thick wire is used to complete 
the circuit (865, &g.). And the cause of these 
variations is very evident, when it is considered 
that each successive plate in the voltaic ap- 
paratus does not add anything to the qmntUy 
of transferable! power or electricity wUch the 
first plate can put into motion, provided a 
good conductor be present, but tends only to 
exalt the intensity of that quantity, so as to 
make it more able to overcome tihe ol^truotimi 
of bad conductors (994, 1168). 

1154. Large or maU plates.^ The advanta- 
geous use of large or sm^ plates for electi!dy- 

Osyrtiuasao" and l^nai^ Beeheri^ PliSiiso- 
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satidnswIB evidently dq^d up^ the Isciltly 
irith whidx the tra^^able powo* of electri<* 
city can paiss. If in a particular case the mo9t 
effectual number of plates is known (1151)| 
then the addition of more zinc would be mort 
advantageoutiy made in increasing tiie size of 
the plates, and not their number. At the same 
time, large increase in the size of the idates 
would raise in a small degree the most favour- 
able number. 

1155. Large and small plates should not be 
used together in the same battery: the small 
ones occasion a loss of the power of the large 
ones, unless they be excited by an acid propor- 
tionably more powerful ; for with a certain add 
they cannot transmit the same portion of deo- 
trioity in a given time which the same acid can 
evolve by action on the larger plates. 

1156. Simultaneous decompositions. When the 
number of plates in a battery much surpasses 
the most favourable proportion (1151—1153), 
two or more decompositions may be effected 
simultaneously with advantage. Thus my forty 
pairs of plates (1124) produced in one volta- 
electrometer 22.8 cubic inches of gas. Being re- 
charged exactly in the same manner, they pro- 
duct in each of two volta-electrometers 21 
cubical inches. In the first experiment the 
whole consumption of zinc was 88.4 equiva- 
lents, and in the second only 48.28 equivalents, 
for the whole of the water decomposed in both 
volta-electrometers. 

1157. But when the twenty pairs of four-dnch 
plates (1129) were tried in a similar manner, 
the results were in the opposite direction. Witii 
one volta-electrometer 52 cubic inches of gas 
were obtained; with two, only 14.6 cubic 
inches from each. The quantity of dmrge was 
not the same in both cases, though it was of the 
same strength; but on rendering the results 
comparative by reducing them to equivalents 
(1126), it was found tiiat the consumption di 
metal in the first ease was 74, and in the second 
case 97, equivatents for tiie whole of the water 
decompose. These results of course depmid 
upon the same circumstances of retarda^p, 
&c., which have been referred to in speaking of 
the proper number of plates (1151). 

1158. That tiie transferring, or, as it is Usu* 
ally called, eonduding, power of an deetrcllyte 
which is to be decomposed, or other intqirbe^ 
body, tiiould be rendered as good mpcH^f^ 
is very evident (1020, 1120). Witii ai perfecSiy 
good eondoctor and a good faatt^, iieai{y aS 

* Qay-l<e|MO and Thenard, Bsektihhes fhykieo^ 
h PP. 13. 15, 22. s 
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tiie electricity is passed, i.e<, nearly aU the 
ehemicalpower becomes transferable, even with 
a single pair of plates (867). With an inter- 
posed non-conductor none of the chemical 
power becomes transferable. With an imper- 
fect conductor more or less of the chemical pow- 
er becomes transferable as the circumstances 
favouring the transfer of forces across the im- 
perfect conductor are exalted or diminished: 
these circumstances are actual increase or im- 
provement of the conducting power, enlarge- 
ment of the electrodes, approximation of the 
electrodes, and increas^ intenmty of the pass- 
ing current. 

1169, The introduction of common spring 
water in place of one of the volta-electrometers 
used with twenty pairs of four-inch plates 
(1156) caused such obstruction as not to allow 
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one-fifteenth of the transferable force to pass 
which would have circulated without it. Thus 
fourteen-fifteenths of the available force of the 
battery were destroyed, being converted into 
local force (which was rendered evident by the 
evolution of gas from the zincs), and yet the 
platina electrodes in the water were three in- 
ches long, nearly an inch wide, and not a quarter 
of an inch apart. 

1160. These points, i.e., the increase of con- 
ducting power, the enlargement of the elec- 
trodes, and their approximation, should be es- 
pecially attended to in voltorelectrometera. The 
principles upon which their utility depei^ are 
so evident that there can be no occasiqn for 
further development of them here. 

Royal Institution, Odoher 11, 1834 
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General Results as to Induction 

Hsceived November 30, 

If i. Indvction an Action of Contiguous Particles 

1161. The science of electricity is in that state 
in which every part of it requires experimental 
investigation; not merely for the discovery of 
new effects, but what is just now of far more 
importance, the development of the means by 
wUch the old effects are produced, and the 
consequent more accurate determination of the 
first principles of action of the most extraordi- 
nary and universal power in nature: and to 
those philosophers who pursue the inquiry zeal- 
ouidy yet cautiously, combining experiment 
with analogy, suspidous of their preconceived 
notions, paying more respect to a fact than a 
theory, not too hasty to generalize, and above 
ell thk^, willing at every step to cross-examine 
their own opinions, both by reasoning and ex- 
periment, no branch of knowledge can afford 
so fine and ready a field for discovery as this. 
Such is most abundantly shown to be the case 
igt the progress which dectricity has made in 
W last thirty years: chemistry and magnetism 
bave successively acknowled^ its over-rulix^ 
and it is protoble that every effect 
upon the powers of inorganic mat- 
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ter, and perhaps most of those related to vege- 
table and animal life, will ultimately be found 
subordinate to it. 

1162. Amongst the actions of different kinds 
into which electricity has conventionally been 
subdivided, there is, I think, none which ex- 
cels, or even equals in importance, that called 
induction. It is of the most general influence in 
electrical phenomena, appearing to be con- 
cerned in every one of them, and has in reality 
the character of a first, essential, and funda- 
mental principle. Its comprehension is so im- 
portant that I think we cannot proceed much 
furth^ in the investigation of the laws of elec- 
tricity without a more thorough understanding 
of its nature: how otherwise can we hope to 
comprehend the harmony and even unity of 
action which doubtless governs dectrical ex- 
citement by friction, by chemical means, by 
heat, by magnetic i^uence, by evaporation, 
and even by the living being? 

1163. In the long-continu^ course of experi- 
mental inquiry in which I have been engaged, 
this general result has pressed upon me con- 
stantly, namely, the necessity of admitting two 
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forces, or two forms or directions of a f<»*ce 
(516, 517), ccmibined with the impossibiUty of 
separating these two forces (or electricities) 
from each othw, dither in the phenomena of 
statical electricity or those of the current. In 
association with this, the impossibility under 
any circumstances, as yet, of absolutely charg- 
ing matter of any kind with one or the other 
electricity only, dwelt on my mind, and made 
me wish and search for a clearer view than any 
that I was acquainted with, of the way in which 
electrical powers and the particles of matter 
are related ; especially in inductive actions, upon 
which almost all others appeared to rest. 

1164, When I discovered the general fact 
that electrolytes refused to yield their dements 
to a current when in the solid state, though 
they gave them forth freely if in the liquid con- 
dition (380, 394, 402), I thought I saw an open- 
ing to the elucidation of inductive action, and 
the possible subjugation of many dissimilar 
phenomena to one law. For let the electrolyte 
be water, a plate of ice being coated with plat- 
ina foil on its two surfaces, and these coatings 
connected with any continued source of the 
two electrical powers, the ice will charge like a 
Leyden arrangement, presenting a case of com- 
mon induction, but no current will pass. If the 
ice be liquefied, the induction will fall to a cer- 
tain degree, because a current can now pass; 
but its passing is dependent upon a peculiar 
molecular arrangeinemi of the particles consist- 
ent with the transfer of the elements of the 
electrolyte in opposite directions, the degree of 
discharge and the quantity of elements evolved 
being exactly proportioned to each other (377, 
783) . Whether the charging of the metallic coat- 
ing be effected by a powerful electrical ma- 
chine, a strong and large voltaic battery, or a 
single pair of plates, makes no difference in the 
principle, but only in the degree of action (360) . 
Common induction takes place in each case if 
the electrolyte be solid, or if fluid, chemical ac- 
tion and decomposition ensue, provided op- 
posing actions do not interfere; and it is of 
high importance occasionally thus to compare 
effects in their extreme degrees, for the pur- 
pose of enabling us to comprehend the nature 
of an action in its weak state, which may be 
only sufficiently evident to us in its stronger 
condition (451). As, therefore, in the electro- 
lytic action, induction appeared to be the first 
step, and decompocUion the second (the power 
of separating these steps from each other by 
giving the solid or fluid condition to the elec- 
trolyte being in our handis); as the induction 


was the same in its nature as that through air, 
glass, wat, dbc., produced by any of the ordi- 
nary means; and as the whole effect in the deo- 
trolyte ai^ared to be an action of the particles 
thrown into a peculiar or polarized state, I was 
led to suspect tiiat common induction itsdf 
was in all cases an action of oordiguous pasrHdes}^ 
and that electrical action at a distance (Le., 
ordinary inductive action) never occurred ex- 
cept through the influence of the intervening 
matter. 

1165. The respect which I entertain towards 
the names of Epinus, Cavendish, Poisson, and 
other most eminent m^, all of whose theories 
I believe consider induction as an action at a 
distance and in strai^t lines, long indisposed 
me to the view I have just stated; and though 
I always watched for opportunities to prove 
the opposite opinion, and made such experi- 
ments occasionally as seemed to bear directly 
on the point, as, for instance, the examination 
of electrolytes, solid and fluid, whilst under in- 
duction by polarized light (951, 955), it is only 
of late, and by degrees, that the extreme gen- 
erality of the subject has urged me still further 
to extend my experiments and publish my view. 
At present I believe ordinary induction in all 
cases to be an action of contiguous partiries 
consisting in a species of polarity, instead of 
being an action of either particles or masses at 
sensible distances; and if this be true, the dis- 
tinction and establishment of such a truth 
must be of the greatest consequence to our 
further progress in the investigation of the na- 
ture of kectric forces. The linked condition of 
electrical induction with chemical decomposi- 
tion; of voltaic excitement with chemical ac- 
tion; the transfer of elements in an electrolyte; 
the original cause of excitement in all cases; 
the nature and relation of conduction and in- 
sulation; of the direct and lateral or transverse 
action constituting electricity and magnetism; 
with many other things more or less incompi^ 
hensible at present, would all be affected by it, 
and perhaps receive a full explication in their 
reduction under one general Law. 

1166. 1 searched for an unexceptionable test 
of my view, not merely in the accordance of 
known facts with it, Imt in the consequences 
which would flow from it if true; especially in 

I The word ootdiguoiia is perhaps not the ^saft 
might have been used here and elsewhere; for as 
particles do not todch each other it is not strictly 
correct. I was induced to employ it, because in its 
common acceptation it enabled me to state the the- 
ory plainly and with facility. By contiguous particles 
1 mean those whi<m are next.— Dee. 1638. 





,^bptsib wliiel^^cmld not be ooudsteiit with the 
tlieory of aoticm at a distance* Such a conse- 
qu^ce seemed to me to present itself in the di- 
rection in which inductive action could be ex- 
erted. If in straight lines only, though not 
hapt decimve, it would be against my view; but 
if in curved lines also, that would \k a natural 
result of the action of contiguous particles, but, 
as I think, utterly incompatible with action at 
a distance, as assumed by the received theories, 
which, according to every fact and analogy we 
are acquainted with, is always in straight lines. 

1167. Again, if induction be an action of con- 
tiguous particles, and also the first step in the 
process of electrolyzation (949, 1164), there 
seemed reason to expect some particular rela- 
tiionof it to the different kinds of matter through 
which it would be exerted, or something equiv- 
ateit to a specific electric indiustum for different 
bodies, which, if it existed, would unequivocally 
prove the dependence of induction on the par- 
ticles; and though this, in the theory of Poisson 
and others, has never been supposed to be the 
case, I was soon led to doubt the received opin- 
ion, and have taken great pains in subjecting 
this point to close experimental examination. 

1168. Another ever-present question on my 
nund has been, whether electricity has an ac- 
tual and independent existence as a fluid or 
fluids, or was a mere power of matter, like what 
we conceive of the attraction of gravitation. 
If determined either way it would be an enor- 
mous advance in our knowledge; and as having 
the most direct and influential bearing on my 
notions, I have always sought for experiments 
which would in any way tend to elucidate that 
great inquiry. It was in attempts to prove the 
exbtence of electricity separate from matter, 
by giving an independent charge of either posi- 
tbire or negative power only, to some one sub- 
stance, and the utter failure of all such attempts, 
whatever substance was used orwhatevermeans 
^exdting or evolving electricity were employed, 
tiiasjb (first drove me to look upon induction as 
m action of the particles of matter, each hav- 
ing both forces devdoped in it in exactly equal 
amount. It is this circumstance, in connexion 
withotihers, whicbmakesmedesirous of placing 
the remarks on absolute charge first, in the or- 
(ter of proof and aigument, which I am about 
to adduce in favour of my view, that electric 
ittdhction is an a^ipn of the contiguous parti- 
^ of the insulatiug xpedium or dielectric} 

^ (1^6 word ditfbefrje to that Bubstanoe 

iW aeroBs which the electric lor ces are actings 
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f ii. On the ASaoltile Cha^ cf Matter ^ 

1169. Can mattm*, dther conducting or non- 
conducting, be charged with one electric force 
independently of the other, in any degree, either 
in a sensiUe or latent state? 

1170. The beautiful experiments of Coulomb 
upon the equality of action of condvctors, what- 
ever their substance, and the residence of aB 
the electricity upon their surfaces,^ are suffi- 
cient, if properly viewed, to prove that conduc- 
tors cannot be bodily charged] and as yet no 
means of communicating electricity to a con- 
ductor so as to place its particles in relation to 
one electricity^*and not at the same time to the 
other in exactiy equal amount, has beep dis- 
covered. 

1171. With regard to electrics or noncon- 
ductors, the condusion does not at first ^em 
so clear. They may easily be electrified bod|ily, 
dther by communication (1247) or excitement; 
but being so charged, every case in succession, 
when examined, came out to be a case of in- 
duction, and not of absolute charge. Thus, 
glass within conductors could easily have parts 
not in contact with the conductor brought into 
an excited state; but it was always found that 
a portion of the inner surface of the conductor 
was in an opposite and equivalent state, or 
that another part of the glass itself was in an 
equally opposite state, an inductive charge and 
not an absolute charge having been acquired. 

1172. Well-purified oil of turpentine, which 
I find to be an excellent liquid insulator for 
most purposes, was put into a metallic vessel, 
and, being insulated, an endeavour was made 
to charge its particles, sometimes by contact of 
the metal with the dectrical machine, and at 
others by a wire dipping into the fluid within; 
but whatever the mode of communication, no 
electricity of one kind only was retained by the 
arrangement, except what appeared on the exte- 
rior surface of the metal, that portion being pres- 
ent there only by an inductive action through 
the air to Ibe surrounding conductors. When 
the oil of turpentine was confined in glass ves- 
sels, there were at first some appearances as if 
the fluid did recdve an absolute charge of dec- 
tricity from the charging wire, but &ese were 
quicldy reduced to cases of common induction 
jointly through the fluid, the glass, and tte 
surrounding air. 

1173. 1 carried these experiments on with 
air to a very great extent. I had a chamber 
built, bdng a cube of twdve feet. A slight eo- 

• Mimoirm de VAcadimie, 1786, pp. 67^ 69,. 72; 
1787, p. 452. 
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Incal 'i^ooden frame wait eoiistoLoted, and co|h 
per wi3?e passed along s^d across it in various 
directions, so as to n^e the sides a large net- 
work, and then all was covered in with paper, 
placed in close connexion with the wires, and 
supplied in every direction with bands of tin 
foU, that the whole mi^t be brought into good 
metallic communication, and rendered a free 
conductor in every part. This chamber was in- 
sulated in the lecture-room of the Royal Insti- 
tution; a glass tube about six feet in length was 
passed through its side, leaving about four feet 
within and two feet on the outside, and through 
this a wire passed from the large electrical ma- 
chine (290) to the air within. By working the 
machine, theairinthischamber could be brought 
into what is considered a highly electrified state 
(being, in fact, the same state as that of the air 
of a room in which a powerful machine is in 
operation), and at the same time the outside of 
the insulated cube was everywhere strongly 
charged. But putting the chamber in commun- 
ication with the perfect discharging train de- 
scribed in a former series (292), and working 
the machine so as to bring the air within to its 
utmost degree of charge if I quickly cut off the 
connexion with the machine, and at the same 
moment or instantly after insulated the cube, 
the air within had not the least power to com- 
municate a further charge to it. If any portion 
of the air was electriffed, as glass or other in- 
sulators may be charged (1171), it was accom- 
panied byacorrespondingoppositeactionte^in 
the cube, the whole effect being merely a case 
of induction. Every attempt to charge air bod- 
ily and independently with the least portion of 
either electricity failed. 

1174. 1 put a delicate gold-leaf electrometer 
within the cube, and then charged the whole 
by an outside communication, very strongly, 
for some time together; but neither during the 
charge or after the discharge did the electrome- 
ter or air within show the least signs of elec- 
tricity. I charged and discharged the whole ar- 
rangement in various ways, but in no case could 
1 obtain the least indication of an absolute 
charge; or of one by induction in which the 
electricity of one kind had the smallest supe- 
riority in quantity over the otiier. I w^t into 
the cube aiul lived in it; and using lighted can- 
dles, electrometers, and aU other tests of elec- 
trical states, I could riot find the least infiumice 
upon them, or indication of anythmg ptarticular 
given by ti^m, thodgjh all the time the outside 
of the cidse was poUfOiMLy diarged, and, latter 
spaiksand brushes weie dairti^g off from 


part of its outer surface. The condiuaonlliave 
come to is that non-conductors, as well as con- 
ductors, have never yet had an absolute and 
independent charge of one electricity commun- 
icate to them, and that to all appearance su^ 
a state of matter is impossible. 

1175. Th^e is another view of tiiis question 
which may be taken under the supposition of 
the existence of an electric fluid or fluids. It 
may be impossible to have one fluid or state in 
a free condition without its producing by in- 
duction the other, and yet possible to have 
cases in which an isolated poriion of matter in 
one condition being uncharged shall, by a change 
of state, evolve one electricity or the other: 
and though such evolved electricity might im- 
mediately induce the opposite state in its nei^ 
bourhood, yet the mere evolution of one elec- 
tricity without the other in the first instanDSf 
would be a very important fact in the theories 
which assume a fluid or fluids; these theories as 
I understand them assigning not the slightest 
reason why such an effect should not occur. 

1176. But on searching for such cases 1 can- 
not find one. Evolution by friction, as is well 
known, gives both powers in equal proportion. 
So does evolution by chemical action, notwith- 
standing the great diversity of bodies which 
may be employed, and the enormous quantity 
of electricity which can in this manner be evolved 
(371, 376, 861, 868, 961). The more promising 
cases of change of state, whether by evapora- 
tion, fusion, or the reverse processes, still give 
both forms of the power in equal proportion; 
and the cases of splitting of mica and other 
crystals, the breaking of sulphm, &c., are sub- 
ject to the^same law of limitation. 

1177. As far as experiment has proceeded, it 

appears, therefore, impossible eitW to evolve 
or make disappear one electric force without 
equal and corresponding change in the other. 
It is also equally impossible experimentally to 
charge a portion of matter with one electric 
force independently of the other. Charge al- 
ways implies indudim, for it can in no instance 
be effected without; and also the presence of 
the two toms of power, equally at the monje^ 
of the development and afterwards. Thero;^ 
no absolute diiarge of matter with one flmd^m 
latency of a single dectricity. This 
negativeresult is an exceedingly importa^oa^ 
bdng ptdiably the consequence of a 
imposfidfaili'fy, which will become xdear to us 
when we joi^erstand the true and 

tiieory of the deetric power* 
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117B» The preceding eonsiderationB already 
point to the following ooncluaions: bodies can* 
not be charged absolutely, but only relatively, 
and by a principle which is the same with that 
of indtusHon. AU charge is sustained by induc- 
tion. All phenomena of intensity include the 
principle of induction. All excitation is depend- 
ent on or directly related to induction. All 
rents involve previous intendty and therefore 
previous induction. Induction appears to be 
the essential function both of the first develop- 
ment and the consequent phenomena of elec- 
tricity. 

t iii. Ekctrotneter and Inductive Apparaius 
Employed 

1179. Leaving for a time the further consid- 
eration of the preceding facts until they can be 
collated with other results bearing directly on 
the great question of the nature of induction, I 
will now describe the apparatus I have had oc- 
casion to use; and in proportion to the impor- 
tance of the principles sought to be established 
is the necessity of doing this so clearly, as to 
leave no doubt of the results behind. 

llSO.Ekctrometer, Themeasuringinstrument 
I have employed has been the torsion balance 
electrometer of Coulomb, constructed, gener- 
ally, according to his directions,^ but with cer- 
tain variations and additions, which I will briefly 
describe. The lower part was a glass cylinder 
eight inches in height and eight inches in di- 
ameter; the tube for the torsion thread was 
seventh inches in length. The torsion thread 
itself was not of metal, but glass, according to 
the excellent suggestion of the late Dr. Ritchie.* 
It was twenty inches in length, and of such 
tenuity that when the shellac lever and at- 
tached ball, &c., were connected with it, they 
made about ten vibrations in a minute. Itwould 
bear torsion through four revolutions or 1440®, 
and yet, when released, return accurately to 
, its position; probably it would have borne con- 
sid^ably more than this without injury. The 
repelled ball was of pith, gilt, and was 0.3 of an 
indi in diameter. The horizontal stem or lever 
supporting it was of shellac, according to Cou- 
hmb’s direction, the arm carrying the ball be- 
ing 2.4 inches long, and the other only 1.2 in- 
dns: to this wasattached the vane, alsodescribed 
by Coulomb, which I found to answer admir- 
ably its purpose of quickly destroying vibra- 
^ons. That the inductive action within the 
^Aectrometer mi^t be uniform in all positions 

^ de VAeadSmk, 1785, p. 670. 
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ot the repelled bell and in all states of the ap- 
paratus, two bands of tinfoil, about an inch 
wide each, were attached to the inner surface 
of the glass cylinder, going entirely round it, at 
the distance of 0.4 of an inch from each other, 
and at such a height that the intermediate 
clear surface was in the same horizontal plane 
with the lever and ball. These bands were con- 
nected with each other and with the earth, and, 
being perfect conductors, always exerted a uni- 
form influence on the electrified balls within, 
which the glass surface, from its irregularity of 
condition at different times, I found, did not. 
For the purfxSse of keeping the air within the 
electrometer in a constant state as to drmess, 
a glass dish, of such size as to enter easily ^thin 
the cylinder, had a layer of fused potash placed 
within it, and this being covered with a diic of 
fine wire-gauze to render its inductive action 
uniform at all parts, was placed within the'in- 
strument at the bottom and left there. 

1181. The movable ball used to take and 
measure the portion of electricity under exam- 
ination, and which may be called the repelling^ 
or the carrier , ball, was of soft alder wood, well 
and smoothly gilt. It was attached to a fine 
shellac stem, and introduced through a hole 
into the electrometer according to Coulomb^s 
method: the stem was fixed at its upper end in 
a block or vice, supported on three short feet; 
and on the surface of the glass cover above was 
a plate of lead with stops on it, so that when 
the carrier ball was adjusted in its right posi- 
tion, with the vice above bearing at the same 
time against these stops, it was perfectly easy 
to bring away the carrier-ball and restore it to 
its place again very accurately, without any 
loss of time. 

1182. It is quite necessary to attend to cer- 
tain precautions respecting these balls. If of 
pith alone they are bad; for when very dry, 
that substance is so imperfect a conductor that 
it neither receives nor gives a charge freely, 
and so, after contact with a charged conductor, 
it is liable to be in an uncertain condition. Again, 
it is difficult to turn pith so smooth as to leave 
the ball, even when gilt, so free from irregular- 
ities of form, as to retain its charge undimin- 
ished for a considerable length of time. When, 
therefore, the balls are finally prepared and 
^It they should be examined; ai^ being elec- 
trified, unless they can hold their charge with 
very little diminution for a considerable time, 
and yet be discharged instantly and perfectly 
by the toudh of an uninsulated conductor, thqy 
should be dismissed. 
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1183. It is, perhaps, unnecessary to refer to 
the graduation of the instrument, further than 
to explain how the observations were made. On 
a circle or ring of paper on the outside of the 
glass cylinder, fixed so as to cover the internal 
lower ring of tinfoil, were marked four points 
corresponding to angles of 90® ; four other points 
exactly corresponding to these points being 
mark^ on the upper ring of tinfoil within. By 
these and the adjusting screws on which the 
whole instrument stands, the glass torsion thread 
could be brought accurately into the centre of 
the instrument and of the graduations on it. 
From one of the four points on the exterior of 
the cylinder a graduation of 90® was set off, 
and a corresponding graduation was placed 
upon the upper tinfoil on the opposite side of 
the cylinder within : and a dot being marked on 
that point of the surface of the repelled ball 
nearest to the side of the electrometer, it was 
easy, by observing the line which this dot made 
with the lines of the two graduations just re- 
ferred to, to ascertain accurately the position 
of the ball. The upper end of the glass thread 
was attached, as in Coulomb’s original elec- 
trometer, to an index, which had its appropri- 
ate graduated circle, upon which the degree of 
torsion was ultimately to be read off. 

1184. After the levelling of the instrument 
and adjustment of the glass thread, the blocks 
which determine the place of the carrier hall 
are to be regulated (1181) so that, when the 
carrier arrangement is placed against them, 
the centre of the ball may be in the radius of 
the instrument corresponding to 0® on the lower 
graduation or that on the side of the electrom- 
eter, and at the same level and distance from 
the centre as the repelled ball on the suspended 
torsion lever. Then the torsion index is to be 
turned until the ball connected with it (the re- 
pelled ball) is accurately at 30®, and finally the 
graduated arc belonging to the torsion index is 
to be adjusted so as to bring 0® upon it to the 
index. This state of the instrument was adopted 
as that which gave the most direct expression 
of the experimental results, and in the form 
having fewest variable errors; the angular dis- 
tance of 30® being always retained as the stand- 
ard distance to which the balls were in every 
ca^to be brought, and the whole of the torsion 
being read off at once on the graduated circle 
above. Under these circumstances the distance 
of the balls from each other was not merely the 
same in degree, but their position in the instru* 
nient, and in i^ation to every part of it, was 
Aotus^y the same every time that a measure- 
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ment was made; so that all irregidarities aris- 
ing from slight difference of form and action in 
the instrument and the bodies around were 
avoided. The only difference which could oc- 
cur in the position of anything within, con- 
sisted in the deflexion of the torsion thread 
from a vertical position, more or less, accord- 
ing to the force of repulsion of the balls; but 
this was so slight as to cause no interfering dif- 
ference in the symmetry of form within the 
instrument, and gave no error in the amount 
of torsion force indicated on the graduation 
above. 

1185. Although the constant angular dis- 
tance of 30® between the centres of the balls 
was adopted, and found abundantly sensible, 
for all ordinary purposes, yet the facility of 
rendering the instrument far more sensible by 
diminishing this distance was at perfect com- 
mand; the results at different distances being 
very easily compared with each other either by 
experiment, or, as they are inversely as the 
squares of the distances, by calculation. 

1186. The Coulomb balance electrometer re- 
quires experience to be understood; but I think 
it a very valuable instrument in the hands of 
those who will take pains by practice and at- 
tention to learn the precautions needful in its 
use. Its insulating condition varies with cir- 
cumstances, and should be examined before it 
is employed in experiments. In an ordinary 
and fair condition, when the balls were so elec- 
trified as to give a repulsive torsion force of 
400® at the standard distance of 30®, it took 
nearly four hours to sink to 50® at the same dis- 
tance; the average loss from 400® to 300® being 
at the rate of 2.7® per minute, from 300® to 
200® of 1.7® per minute, from 200® to 100® of 
1.3® per minute, and from 100® to 50® of 0.87® 
per minute. As a complete measurement by 
the instrument may be naade in much less than 
a minute, the amount of loss in that time is but 
small, and can easily be taken into account. 

1187. The indiLctive apparatm. My object 
was to examine inductive action carefully when 
taking place through different media, for which 
purpose it was necessary to subject thesemedia 
to it in exactly similar circumstances, and in 
such quantities as should sufice to eliminate 
any variations they might present. The 
requisites of the apparatus to be constructed 
were, therefore, that the inducing surfaces of 
the conductors should have a constant form 
and state, and be at a constant distance from 
each other; and that either solids, fluids, ot 
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Dtd^ be pli&oed and retained} between 
§1686 snrfacee with readiness and certainty, 
and for any length of time. 

1188. The apparatus used may be described 
in general terms as consisting of two metallic 
spheres of unequal diameter, placed, the smaller 
within the larger, and concentric with it ; the in- 
terval between the two being the space through 
which the induction was to take place. A sec- 
tion of it is given (PI. IX, Fig. 1) on a scale of 
on&*half: a, a are the two l^ves of a brass 
sphere, with an air-tight joint at h, like that of 
the Magdeburg hemispheres, made perfectly 
flush and smooth inside so as to present no ir- 
regularity; c is a connecting piece by which the 
apparatus is joined to a good stop-cock d, which 
is itself attached either to the metallic foot e, or 
to an air-pump. The aperture within the hem- 
isphere at / is very small: is a brass collar 
fitted to the upper hemisphere, through which 
the sheUac support of the inner ball and its 
stem passes; h is the inner ball, also of brass: it 
screws on to a brass stem i, terminated above 
by a brass ball B; Z, 2 is a mass of shellac, 
moulded carefully on to i, and serving both to 
support and insulate it and its balls A, B. The 
shellac stem I is fitted into the socket g, by a 
little ordinary resinous cement, more fusible 
than shellac, applied at m m in such a way as to 
give sufiicient strength and render the appara- 
tus air-tight there, yet leave as much as pos- 
sible of the lower part of the shellac stem un- 
touched, as an insulation between the ball h 
and the surrounding sphere a, a. The ball h has 
a small aperture at n, so that when the appar- 
atus is exhausted of one gas and filled with an- 
other, the ball h may itself also be exhausted 
and ^led, that no variation of the gas in the 
interval o may occur during fbe course of an 
experiment. 

1189. It will be unnecessary to give the di- 
mensions of all the parts, since the dravdng is 
to a scale of one-half: the inner ball has a di- 
ameter of 2.33 inches, and the surrounding 
sphere anintemaldiameterof3.57mche8. Hence 
the width of the intervening space, through 
which the induction is to take place, is 0.62 of 
an inch; and the extent of this place or plate, 
i.e. the smrface of a medium sph^ may be 
taken as twenty-seven square inches, a quan- 
tity con^dered as sufficiently large for the com- 
parison of different substances. Qreat care was 
taken in fihbhing well the inducing surfaces of 
the bah A and sphsoe a, a; and no vaamish or 
laequ^ was ap|>iied to Ihein, or to any part of 
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UOO. She attachmaat and adjuetmait nl 
the sheUac was a matter requiring con- 
siderable care, espedally as, in consequence Of 
its cracking, it had frequently to be renewed. 
The best he was chosen and applied to the 
wire i, so as to be in good contact with it every- 
where, and in perfect continuity throughout its 
own mass. It was not smaller than is given by 
scale in the drawing, for when less it frequently 
cracked within a few hours after it was cold. I 
think that very slow cooling or annealing im- 
proved its quality in this respect. The collar g 
was made as thin as could be, that the lac 
might be as wide there as possible. In order 
that at every re-attachment of the stem to the 
upper hemisphere the ball h might have the 
same relative position, a gauge p (PL IX, Fig. 
jS) was made of wood, and this being applied to 
the ball and hemisphere whilst the cement at 
m was still soft, the bearings of the ball at q $, 
and the hemisphere at r r, were forced home, 
and the whole left until cold. Thus all difficulty 
in the adjustment of the ball in the sphere was 
avoided. 

1191. I had occasion at first to attach the 
stem to the socket by other means, as a band 
of paper or a plugging of white silk thread; but 
these were very inferior to the cement, inter- 
fering much with the insulating power of the 
apparatus. 

1192. The retentive power of this apparatus 
was, when in good condition, better than that 
of the electrometer (1186), i.e., the proportion 
of loss of power was less. Thus when the ap- 
paratus was electrified, and also the balls in 
the electrometer, to such a degree, that after 
the inner ball had been in contact with the top 
k of the ball of the apparatus, it caused a re* 
pulsion indicated by of torsion force, then 
in falling from 600*’ to 400^ the average loss was 
8.6*^ per minute; from 400*^ to 300^ the average 
loss was 2.6^ per minute; from dOff* to it 
was 1.7® per minute; from 200® to 170® it was I® 
per xmnute. This was after the apparatus had 
been charged for a short time; at the first 
stant of charging there is an apparent loss of 
dectricity, which can only be comprehended 
hereafter (1207, 1260). 

1193. When the apparatus loses its insulab* 
mg power suddenly, it is almost dwaya febm 
a crack near to or within the taass 
These cracka are usually transverse to thestein. 
If they occur at the part attached by oomfoon 
cement to the socket, the air cannot enter, and 
thus constituting vacua, taey emiact away 
the dectridty and lower the chains, as fast al^ 
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most as if a i»ece of metd had been introduced 
there. Occasionally stems in this state, bedng 
taken out and cleared from the common ce* 
ment, may, by the careful application of the 
heat of a spirit-lamp, be so far softened and 
melted as to restore the perfect continuity of 
the parts; but if that does not succeed in re- 
placing things in a good condition, the remedy 
is a new shellac stem. 

1194. The apparatus when in order could 
easily be exhausted of air and filled with any 
given gas; but when that gas was acid or alkar 
line, it could not properly be removed by the aiiv 
pomp, and yet required to be perfectly cleared 
away. In such cases the apparatus was opened 
and emptied of gas; and with respect to the in- 
ner ball fe, it was washed out two or three times 
with distilled water introduced at the screw- 
hole, and then being heated above 212°, air 
was blown through to render the interior per- 
fectly dry. 

1196. The inductive apparatus described is 
evidently a Leyden phial, with the advantage, 
however, of having the dielectric or insulating 
medium changed at pleasure. The balls h and 
B, with the connecting wire f, constitute the 
charged conductor, upon the surface of which 
all the electric force is resident by virtue of in- 
duction (1178). Now though the largest por- 
tion of this induction is between the ball h and 
the surrounding sphere a a, yet the wire i and 
the ball B determine a part of the induction 
from their surfaces towards the external sur- 
rounding conductors. Still, as all things in that 
respect remain the same, whilst the medium 
within at o o, may be varied, any changes ex- 
hibited by the whole apparatus will in such 
cases depend upon the variations made in the 
interior; and these were the changes I was in 
search of, the negation or establishment of such 
differences being the great object of my in- 
quiry. I considered tlM these differences, if 
^ey existed, would be most distinctly set forth 
by having two apparatuses of the kind de- 
scribed, precisely similar in every respect; and 
thm, different imuloHng media being within, 
to charge one and measure it, and after divid- 
ing the charge with the other, to observe what 
the ultimate conditions of both were. If insu- 
lating media really had any specific differences 
in favouring or opposing inductive action 
through them, such differences, I concdved, 
eoidd not fail of being develoi^ by sudi a 
ip^ocess. 

t^U96. I will wind up this description of 
W aiiparatuses, and exfdain tixe precautions 


necessary to their use, by describing the form 
and order of the experiments made to prove 
their equality when both contained common 
air. In order to facilitate reference I will dis- 
tinguish the two by the terms app. t and app. 
it. 

1197. The electrometer is first to be adjusted 
and examined (1184), and the app. i and ii are 
to be perfectly discWged. A Leyden phial is 
to be charged to such a degree that it would 
give a spark of about one-sixteenth or one- 
twentieth of an inch in length between two 
balls of half an inch diameter; and the Cjarrier 
ball of the electrometer being charged bv this 
phial is to be introduced into the electrometer, 
and the lever ball brought by the motion of the 
torsion index against it; the charge is thin di- 
vided between the balls, and repulsion enimes. 
It is useful then to bring the repelled ball toUhe 
standard distance of 30° by the motion of the 
torsion index, and observe the force in degrees 
required for this purpose; this force will in 
future experiments be called repulsion of the 
balls, 

1198. One of the inductive apparatus, as, 
for instance, app. i, is now to be charged from 
the Leyden phial, the latter being in the state 
it was in when used to charge the balls; the 
carrier ball is to be brought into contact with 
the top of its upper ball k (PI. IX, Fig. /), 
then introduced into the electrometer, and the 
repulsive force (at the distance of 30°) meas- 
uiW. Again, the carrier should be applied to 
the app. i and the measurement repeated; the 
apparatus i and ii are then to be joined, so as 
to divide the charge, and afterwards the force 
of each measured by the carrier ball, applied 
as before, and the results carefully noted. After 
this both i and ii are to be discharged; then 
app, ii charged, measured, divided with app. i, 
and the force of each again measured and 
noted. If in each case the half charges of app. 
i and ii are equal, and are together equal to the 
whole charge before division, then it may be 
considered as proved that the two apparatuses 
are precisely equal in power, and fit to be used 
in cases of comparison between different in- 
sulating media or dielectrics. 

1199. But the precaidians necessary to ob- 
tain accurate results are numerous. The ap- 
paratuses i and ii must always be placed on a 
thoroughly uninsulating medium. A mahogany 
table, for instmice, is far from satisfactory in 
this respect, and therefore a sheet of tinfoil, 
conned^ with an extenrive discharging train 
(292), is what I have used# They must be so 
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placed also as not to be too near each other, 
and yet equally exposed to the inductive in- 
fluence of surrounding objects; and these ob- 
jects, again, should not be disturbed in their 
position during an experiment, or else varia- 
tions of induction upon the external ball B of 
the apparatus may occur, and so errors be 
introduced into the results. The carrier ball, 
when receiving its portion of electricity from 
the apparatus, should always be applied at the 
same part of the bail, as, for instance, the sum- 
mit k, and always in the same way; variable 
induction from the vicinity of the head, hands, 
&c., being avoided, and the ball after contact 
being withdrawn upwards in a regular and con- 
stant manner. 

1200. As the stem had occasionally to be 
changed (1190), and the change might occa- 
sion slight variations in the position of the ball 
within, 1 made such a variation purposely, to 
the amount of an eighth of an inch (which is 
far more than ever could occur in practice), 
but did not find that it sensibly altered the re- 
lation of the apparatus, or its inductive condi- 
tion 08 a whole. Another trial of the apparatuses 
was made as to the effect of dampness in the 
air, one being filled with very dry air, and the 
other with air from over water. Though this 
produced no change in the result, except an 
occasional tendency to more rapid dissipation, 
yet the precaution was always taken when 
working with gases (1290) to dry them per- 
fectly. 

1201. It is essential that the interior of the 
apparatus should be perfectly free from dmi or 
amaU loose particles, for these very rapidly lower 
the charge and interfere on occasions when 
their presence and action would hardly be ex- 
pected. To breathe on the interior of the ap- 
paratus and wipe it out quietly with a clean 
silk handkerchief, is an ^ectual way of re- 
moving them; but then the intrusion of other 
particles should be carefully guarded a^inst, 
and a dusty atmosphere should for this and 
several other reasons be avoided. 

1202. The shellac stem requires occasionally 
to be well-wiped, to remove, in the first in- 
stance, the film of wax and adhering matter 
which is upon it; and afterwards to displace 
dirt and dust wh^h will gradually attach to it 
in the course of experiments. I have found 
much to depend upon this precaution, and a 
silk handkerchief is the best wiper. 

1203. But wiping and some oth^ circum- 
stances tend to give a charge to the surface of 
the shellac stem* This should be removed, for, 


if allowed to r^nain, it very serioufily affects 
the d^ree of charge given to the carrier ball by 
the apparatus (1232). This condition of the 
stem is best observed by discharging the ap- 
paratus, applying the carrier ball to the stem» 
touching it with the finger, insulating and re- 
moving it, and examining whether it has re- 
ceived any charge (by induction) fromthestem; 
if it has, the stem itself is in a charged state. 
The best method of removing the charge I 
have found to be, to cover the finger with a 
single fold of a silk handkerchief, and breath- 
ing on the stem, to wipe it immediately after 
with the finger; the ball B and its connected 
wire, &c., being at the same time uninsvlated: 
the wiping place of the silk must not be changed ; 
it then becomes sufficiently damp not to excite 
the stem, and is yet dry enough to leave it in a 
clean and excellent insulating condition. If the 
air be dusty, it will be found that a sin^e 
charge of the apparatus will bring on an elec- 
tric state of the outside of the stem, in conse- 
quence of the carrying power of the particles 
of dust; whereas in the morning, and in a room 
which has been left quiet, several experiments 
can be made in succession without the stem as- 
suming the least degree of charge. 

1204. Experiments should not be made by 
candle or lamp light except with much care, 
for flames have great and yet unsteady powers 
of affecting and dissipating electrical charges. 

1205. As a final observation on the state of 
theapparatuses,theyshouldretain their charges 
well and uniformly, and alike for both, and at 
the same time allow of a perfect and instan- 
taneous discharge, giving afterwards no charge 
to the carrier ball, whatever part of the ball B 
it may be applied to (1218). 

1206. With respect to the balance dectrome- 
ter, all the precautions that need be mentioned 
are, that the carrier ball is to be preserved 
during the first part of an experiment in its 
dectrified state, the loss of electricity which 
would follow upon its discharge being avoided; 
and that in introducing it into the electrom- 
eter through the hole in the glass plate above, 
care should be taken that it do not touch, or 
even come near to, the edge of the glass. 

1207. When the whole charge in one appara^ 
tus is divided between the two, the gradusi 
fdl, apparently from dissipation, in &e ap** 
paratus which has received Uie hdf charge is 
greater than in the one originaUy cha^edv This 
is due to a peculiar effect to be described here*' 
after (1260, 1261), the interfering influence pt 
which may beavoided to a great extent by go- 
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13 ^ &B of ih& process r^g^ndarly 

mdquicl^^timefore, after the original dmr^ 
hem been measured, in app. i for instance, i and 
ii are to be syxnmetricaUy joined by their bs^ 
B, the carrier touching one of these balls at the 
same time; it is first to be removed, and then 
the apparatus separated from each other; spp. 
ii is next quickly to be measured by the carrier, 
th^ app. i; lastly, ii is to be discharged, and 
the discWged carrier applied to it to ascertmn 
whether any residual effect is present (1205), 
and app. i being discharged is also to be ex^ 
amined in the same manner and for the same 
purpose. 

1208. The following is an example of the di- 
vision of a charge by the two apparatuses, air 
being the dielectric in both of them. The ob- 
itovations are set down one under the other in 
the order in which they were taken, the left- 
hand numbers representing the observations 
made on app. i, and the right-hand numbers 
those on app. ii. App. i is that which was origin- 
ally charged, and after two measurements, the 
ch^ge was ^vided with app. ii. 

App. i App. ii 
Balls 

(f 

264® 

250 

di^ded and instantly taken 

122 

124 

1 after being discharged 

2 after being discharged 

1209. Without endeavouring to allow for the 

loss which must have been gradually going on 
during the time of the experiment, let us ob- 
ieirve the results of the numbers as they stand. 
As 1** remained in app. i in an undischargeable 
(Miate, 249^>may be tak^ as the utmost amount 
c^the transferable or divisible charge, the half 
of which is 124® .5. As app. ii was free of charge 
hi the first instance, and immediately after the 
^vsmon was found with 122®, this amount at 
Imimay be taken as what it had received. On 
l^e other hand 124® minus 1®, or 123®, may be 
taken as the half of the transferable charge re- 
tained by app. i* Now these do not differ much 
Jhom ea^ or from 124®.5, the hcdf of the 

^ amount of transferable charge; and when 

gradual loss of charge evident in the diff^ 
betwe^ 254® and 250® of app. i is also 
jl^en into account, there is every reason to ad- 
: the sesolt as showing an equal division of 

^P||rge, uruxUend^bymydi^^ 
that due to dissipation. 

1 will ae^er result, in which 


app. n was fiist charged, :and wheie fheteridii^ 
action of that apparatus was greater tiiari in 
the former case. 

App. i App. U 

Balls 160® 

152® 

148 

divided and instantly taken 

70» 

78 

5 immediately after discharge 

0 immediately after discharge 

1211. The transferable charge being 148®— 
5®, its half is 71® .5, which is not far r^xmved 
from 70®, theliyf charge of i; or from 731, the 
half charge of ii: these half charges again mak- 
ing up the sum of 143®, or just the amount of 
the whole transferable charge. Considerin^the 
errors of experiment, therefore, these resiilts 
may again be received as showing that the ap- 
paratus were equal in inductive capacity, oi^ in 
their powers of receiving charges. 

1212. The experiments were repeated with 
charges of negative electricity with the same 
general results. 

1213. That I might be sure of the sensibility 
and action of the apparatus, I made such a 
change in one as ought upon principle to in- 
crease its inductive force, i.e., I put a metallic 
lining into the lower hemisphere of app. i, so as 
to diminish the thickness of the intervening 
air in that part, from 0.62 to 0.435 of an inch: 
this lining was carefully shaped and rounded 
so that it should not present a sudden pro- 
jection within at its edge, but a gradual tran- 
sition from the reduced interval in the lower 
part of the sphere to the larger one in the 
upper. 

1214. This change immediately caused app. i 
to produce effects indicating that it had a 
greater aptness or capacity for induction than 
app. ii. Thus, when a transferable charge in 
app. ii of 469® was divided with app. i, the 
former retained a charge of 225®, whilst the lat- 
ter showed one of 227®, i.e. the former had lost 
244® in communicating 227® to the latter; on 
the other hand, when app. i had a transferable 
char^ in it of 381® divided by contact with 
app. ii, it lost 181® only, whilst it gave to app. 
ii as many as 194:— 4he sum of the divi^ 
forces being in the first instance Jess, and in the 
second instance than the ori^nal un- 
divided charge. These results are the more 
striking, as only bne-half of the mteribr of 
app. 1 was modified, and they show that tiib in- 
struments are capable of bringmg out differ- 
ences in induetive force from Amorim the 
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are much less thth thatfHr^uoed by thealtevsr 
Urn made in the present instance. 

% iv. Induction in Curved Lines 

1215. Amongst those results deduced from 
the molecular view of induction (1160), which, 
being of a peculiar nature, are the best tests of 
the truth or error of the theory, the expected 
action in curved lines is, I think, the most im- 
portant at present; for, if shown to take place 
in an unexceptionable manner, 1 do not see 
how the old theory of action at a distance and 
in straight lines can stand, or how the conclu- 
sion that ordinary induction is an action of 
contiguous particles can be resisted. 

1216. There are many forms of old experi- 
ments which might be quoted as favourable to, 
and consistent with the view I have adopted. 
Such are most cases of electro-chemical decom- 
position, electrical brushes, auras, sparks, &c.; 
but as these might be considered equivoc^ evi- 
dence, inasmuch as they include a current and 
discharge (though they have long been to me 
Indications of prior molecular action [1230]), 
I endeavoured to devise such experiments for 
first proofs as should not include transfer, but 
relate altogether to the pure simple inductive 
action of statical electricity. 

1217. It was also of impoitance to make these 
experiments in the simplest possible manner, 
using not more than one insulating medium or 
dielectric at a time, lest differences of slow con- 
duction should produce effects which might 
roneously be supposed to result from induction 
in curved lines. It will be unnecessary to de- 
scribe the steps of the investigation minutely; 
I will at once proceed to the simplest mode of 
proving the facts, first in air and then in other 
insulating media. 

1218. A cylinder of solid shellac, 0.9 of an 
inch in diameter and seven inches in length, 
was fixed upright in a wooden foot (PI. IX, 
Fig. S) : it was made concave or cupped at its 
upper extremity so that a brass ball or other 
small arrangement could stand upon it. The 
upper half of the stem having been excited 
nsgotmlg by friction with worm flannel, a brass 
ball, B, 1 huh an (fiameter, was placed on the 
top, imd then the whole arrangement exam- 
ined by the carrier ball and G^lombs Alec^ 
tromet^ (1180, &o.}. For this purpose the bafis 
of the electnuneter ware changed positMy to 
about 360^, ;end than the eturier bring applied 
to various partoof tte ball B, the two wemm> 
inmdated wbitet ln: 0 ontact or in porition^ ^en 


insulated#^ separated, and the ehai^ 'the 
oarri^ examined as to its nature and foiee. Bs 
deetiicity was always positive, and itt fores at 
the different poritions a, 6, c, d, &c. (P1.'£E, 
Figs. 8 and 4) observed in succession, pas as 
foUows: 

at a above lOOCT 
b H was 149 

e 270 

d 512 

b 130 


1219. To compreh^ the full force of these 
results, it must first be imderstood, that all the 
charges of the ball B and the carrier are charges 
by induction, from the action of the excited 
surface of the shellac cylinder; for whatever 
electricity the ball B received by commumceh 
tion from the shellac, either in the first instance 
or afterwards, was removed by the uninsulat** 
ing contacts, only that due to induction rs?> 
maining; and this is shown by the charges taken 
from the ball in this its uninsulated state bring 
always positive, or of the contrary character to 
the electricity of the riiellac. In the next places 
the charges at a, c, and d were of such a natuie 
as might be expected from an inductive actum 
in straight lines, but that obtained at 6 is, net 
so: it is clearly a charge by induction, but 
dudion in a curved line; for the carrier baQ 
whilst applied to 5, and after its removal to a 
distance of six inches or more from B, could 
not, in consequence of the size of B, be oqb^ 
nected by a straight line with any part of the 
excited and inducing riiellac. 

1220. To suppose that the upper part of the 
uninsulated ball B, should in some way be rer 
trined in an electrified state by that portion of 
the surface of the ball which is in sight of the 
shellac, would be in opposition to what we 
know already of the subject. Electricity is re- 
tained upon the surface of conductoes only by 
induction (117&); and though some persons 
may not be prepa^ as yet to admit ^is with 
respect to insulated conductors, all will ais ze* 
gai^ uninsulated conductors 1^ the ball B; 
and to decide the matter we have only to ^ace 
the carrier ball at e (PL IX, Fig. 4), so 

shall not come in contact with B, uninsulated 
by a metaliic rod descmiding perp^dicul|2^ 
insulate it, remove it, and examine its state; it 


fit cap hardlF be neoesasrx for; w 
that whatavri* gaaeral state the carnal 
in any plM wheic H was uninsulated asri Ubrik i 
lated, it retain^ on removal ikom >iitd ^ 
witbstandinji that it might pass 1 
that would nave given to it, if u 
eittcoii(fi^cin. 
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w81 be lousd diaorged with the «ame kiiul of 
el^trioityiae, Bed even to a higher degree (1224) 
ikm, if it bad bpen in contact with the summit 
pfB. 

1231. To fiuppose, again, that induction acts 
in some way trough or across the metal of the 
ball, is negatived by the simplest considera- 
tions; but a fact in proof will be better. If in- 
stead of the ball B a small disc of metal be 
used, the carrier may be charged at, or above 
the middle of its upper surface: but if the plate 
be enlarged to about IH or 2 inches in diame- 
ter, C (PI. IX, Fig, 6), then no charge will be 
given to the carrier at/, though when applied 
nearer to the edge at g, or even above the middle 
at h, a charge will be obtained; and this is true 
though the plate may be a mere thin film of 
gold-leaf. Henee it is clear that the induction is 
not through the metal, but through the sur- 
rounding air or diekclricj and that in curved 
lines. 

1222. 1 had another arrangement, in which a 
wire passing downwards through the middle of 
the shellac cylinder to the earth, was connected 
with the ball B (PL IX, Fig. so as to keep it 
in a constantly uninsulated state. This was a 
very convenient form of apparatus, and the re- 
sults with it were the same as those just de- 
scribed. 

1223. In another case the ball B was sup- 
ported by a shellac stem, independently of the 
excited cylinder of shellac, and at half an inch 
distance from it; but the effects were the same. 
Then the brass ball of a charged Leyden jar 
was used in place of the excited shellac to pro- 
duce induction; but this caused no alteration 
of the phenomena. Both positive and negative 
inducing charges were tried with the same gen- 
eral results. Finally, the arrangement was in- 
verted in the air for the puipose of removing 
every possible objection to the conclusions, 
hut they came out exactly the same. 

1224. Some results obtained with a brass 
hemisphere instead of the ball B were exceed- 
ingly interesting. It was 1.36 of an inch in di- 
Bme/ber (PI. IX, Fig. 7), and being placed on 
the top M the excited shellac cylinder, tiie car- 
rier boll was ^plied, as in the former experir 
msBte <1218), at the respective positions de* 
hneated in the figure. At i the force was 112^, 
at k 108®, at 1 66®, at m 36®; the inductive force 
l^u^y diminishing, as might have been ex- 
papted» to ppint. Bpt on raismg tiie carrier 
Ii0 tho position n, the dutrge increased to 87®; 

8 >n H still hiigl^r to o, the charge 

Luther increased to 105^: at a higher point 


still, p, the charge taken was «nall^ in amount, 
being 98®, and continued to <fiminish for more 
elevated positions. Here the induction fairly 
turned a corner. Nothing, in fact, can better 
show both the curved lines or courses of the in- 
ductive action, disturbed as they are from their 
rectilineal form by the shape, position, and 
condition of the metallic hemisphere; and also 
a lateral tension, so to speak, of these lines on 
one another: all depending, as I conceive, on 
induction being an action of the contiguous 
particles of the dielectric, which being thrown 
into a state of polarity and tension, are immu- 
tual relation by their forces in all directions. 

1225. As another proof that the whole of 
these actions were inductive I may state k re- 
sult which was exactly what might be expecmd, 
namely, that if uninsulated conducting master 
was brought round and near to the excited 
shellac stem, then the inductive force was di- 
rected towards it, and could not be found on 
the top of the hemisphere. Removing this mat- 
ter the lines of force resumed their former di- 
rection. The experiment affords proofs of the 
lateral tension of these lines, and supplies a 
warning to remove such matter in repeating 
the above investigation. 

1226. After these results on curved inductive 
action in air I extended the experiments to 
other gases, using first carbonic acid and then 
hydrogen: the phenomena were precisely those 
already described. In these experiments I found 
that if the gases were confined in vessels they 
required to be very large, for whether of glass 
or earthenware, the conducting power of such 
materials is so great that the induction of the 
excited shellac cylinder towards them is as much 
as if they were metal; and if the vessels be 
small, so great a portion of the inductive force 
is determined towards them that the lateral 
tension or mutual repulsion of the lines of force 
before spoken of (1224), by which their inflexion 
is caused, is so much relieved in other direc- 
tions, that no inductive charge will be given to 
the carrier ball in the positions k, I, m, n, o, p 
(PL IX, Fig. 7). A very good mode of making 
the experiment is to let large currents of the 
gases ascend or descend through the air, and 
carry on the experiments in these currents. 

1227. These experiments were then varied 
by thesubstitution of a liquid dielectric, namely, 
oil of turperdme, in place of air and gases. A 
dish of thin glass well-covered with a film of 
sbrilac (1272), which was found by trial to in-* 
sulate well, had some highly reotifi<i^ oil of tur- 
pentine put into it to the depth of half an inch, 
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md being then plaeed upon tike tcp of the 
brass hemisphere {Fig. 7), observations were 
made with the carrier ball as before (1224). 
The results were the same, and the circum- 
stance of some of the positions bang within 
the fluid and some without, made no sensible 
difference. 

1228. Lastly, I used a few solid dielectrics 
for the same purpose, and with the same re- 
sults. These were shellac, sulphur, fused and 
cast borate of lead, flint gl^ well-covered with 
a film of lac, and spermaceti. The following 
was the form of experiment with sulphur, and 
all were of the same kind. A square plate of the 
substance, two inches in extent and 0.6 of an 
inch in thickness, was cast with a small hole or 
depression in the middle of one surface to re- 
ceive the carrier ball. This was placed upon the 
surface of the metal hemisphere (PI. IX, Fig. 
9) arranged on the excited lac as in former 
cases, and observations were made at n, o, p, 
and g. Great care was required in these experi- 
ments to free the sulphur or othar solid sub- 
stance from any charge it might previously 
have received. This was done by breathing and 
wiping (1203), and the substance being found 
free from all electrical excitement, was then 
used in the experiment; after which it was re- 
moved and again examined, to ascertain that 
it had received no charge, but had acted really 
as a dielectric. With all these precautions the 
results were the same: and it is thus very satis- 
factory to obtain the curved inductive action 
through solid bodies j as any possible effect from 
the translation of charged particles in fluids or 
gases, which some persons might imagine to be 
the case, is here entirely negatived. 

1229. In these experiments with solid dielec- 
trics, the degree of charge assumed by the cajv 
rier ball at the situations n, o, p (PL IX, Fig. 
9), was decidedly greater than that given to 
the ball at the same places when air only inter- 
vened between it and the metal hemisphere. 
This effect is consistent with what will here- 
after be found to be the respective relations of 
these bodies, as to thdr power of facilitating 
mduction through them (1269, 1273, 1277). 

1230. 1 might quote many other forms of ex- 
periment, some old and some new, in which in- 
duction in curved or contorted lines takes place, 
but think it unnecessary after the preceding 
results; I ^lall therefore mention but two. If a 
conductor A (PI. IX, Fig. 8) be dectrified, and 
an insiflated metallic b^ B, or ev^ a plate, 
provided the edges be not too thin, be held be- 
a small electrcmu^ at c or at unin- 


sulated, win give dgns of electricity, oppodta 
in its nature to that of A, and therefore caused 
by induction, although ihe influencing and iSh 
financed bodies cannot be joined by a 
line passing through theair. Or if, the electntt^ 
eters being removed, a point be fixed at the 
back of the ball in its uninsulated state as at C, 
this point will become luminous and dfadiarge 
the conductor A. The latter experiment is ^ 
s(uibed by Nicholson,^ who, however, reasons 
erroneously upon it. As to its introduction herei 
though it is a case of discharge, the discharge 
is preceded by induction, and that induction 
must be in curved lines. 

1231. As argument against the received the- 
ory of induction and in favour of that which 1 
have ventured to put forth, I cannot see how 
the preceding results can be avoided. The ef^ 
facts are clearly inductive effects produced by 
electricity, not in currents but in its statical 
state, and this induction is exerted in lines of 
force which, though in many experiments they 
may be straight, are here curved more or less 
according to drcumstances. I use the term tins 
of inductive force merely as a temporary con- 
ventional mode of expressing the directicm of 
the power in cases of induction; and in the ex- 
periments with the hemisphere (1224), it is 
curious to see how, when certain lines have 
terminated on the under surface and edge of 
the metal, those which were before lateral to 
them expand and open out from each other , some 
bending round and terminating their action ou 
the upper surface of the hemisphere, and others 
meeting, as it were, above in their progress out* 
wards, uniting their forces to give an increased 
chsu^ to the carrier ball, at an increased dis- 
tance from the source of power, and influencing 
each other so as to cause a second Itexure in tbs 
contrary direction from the first one. All this 
appears to me to prove that the whole action is 
one of contiguous particles, related to eadi 
other, not merely in the lines which they may 
be conceived to form through the dielectric, 
between the inckictric and the indwieous mtr^ 
faces (1483), but in other lateral directbitt 
alsoi It is this which gives an effect equivalent 
to a lat^al repulsion or expansion in the lines 
of force 1 have spoken of, and enables mduo- 
tion to turn a comer (1304). The poweir, iiif 
stead of being like that of gravity, which Cannes 
partides to act on each other throu^^ 
lines, whatever other particles may be between 
them^ is more analogous to that of a series cl 

> Bnetfdopadia BrOannioa (Till MUoxiJ; ‘V^blV 
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to the cdiMfition of the 
fittiticleo coosideffd as forming the whole Mi 
stoiigbt or a eurved maioiet. So that in i^at* 
em way I view it, and with great suspieion of 
the inSuencfe of favourite notions over mysdif , 
1 eannOt perceive how the ordinary theory ap* 
{died to explain mduction can be a correct irep- 
lesentation of that great natural principle of 
eitsctrical action. 

1232. 1 have had occasion in describing the 
precautions necessary in the use of the induc- 
tive apparatus^ to refer to one founded on in- 
duction in curWd lines (1203); and after the 
experiments already described, it will easily be 
seen how great an influence the shellac stem 
may exert upon the charge of the carrier ball 
when applied to the apparatus (1218), unless 
that precaution be attended to. 

1233. 1 think it expedient, next in the course 
of these experiment researches, to describe 
Some effects due to coniuction, obtained with 
such bodies as glass, lac, sulphur, &c., which 
had not been anticipated. Being understood, 
they will make us acquainted with certain pre- 
cautions necessary in investigating the great 
question of speciflc inductive capacity. 

1234. One of the inductive apparatus already 
described (1187, <&c.) had a hemispherical cup 
of shellac introduced which being in the inter- 
val between the inner ball and the lower hemi- 
^here, nearly occupied the space there; conse- 
quently when the apparatus was char^, the 
be was the dielectric or insulating medium 
tiiiough which the induction took place in that 
part. When this apparatus wius fost charged 
with electricity (11^) up to a certain inten- 
sby, as 400^, measured by the Coulomb’s elec- 
Itrdi^tef (1180), it sank much faster from that 
degree th^ if it had be^ previously charged 
to a pomt, mid had (o*adually fallen to 
100^; or than it would db if the charge were, by 
g second a^Ucation, raised up again to 400°; 

otber tl^gs remmnmg the same. Again, if 
alitor havii^bm charged for some time, as fif- 
teanor twmtyminutes, itwas sudd^y and per- 
fe«^di8dmiged,6m thestem having all deo- 
tric^y mnbv^ fiom it (1203), then the B.pj^ 
latitobdof IMt toitoelf, would gradually recover 
a charge, vtoh in nine or ten nunutes would 
rise up to d(f 'Or 60°, and in one instance to 80°. 

^1286. The dectriciiy, which in these cases 
Idtumed from an a^)B^tly latent to a s^ 
l^estate, itrm abvriys of the tame kind as tiiai 
had been given by the charge. The 
IW^.took place at both the inducing surfaces; 
aftev the perfect discharge of the appa- 


ratus the whole wasinsulatad, as the inner ball 
resumed a positive state &e outer sphere ac- 
quired a negative condition. 

1236. This effect was at once distinguished 
from that produced by the excited stem acting 
in curved lines of induction (1203, 1232), by 
the circumstance that all the returned electri- 
city could be perfectly and instantly discharged. 
It appeared to depend upon the shellac within, 
and to be, in some way, due to electricity 
evolved from it in consequence of a previous 
condition into which it had been brought by 
the charge of t)ie metallic coatings or balb. 

1237. To examine this state more accuralbely, 
the apparatus, with the hemispherical cub of 
shellac in it, was charged for about forty^ve 
minutes to above 600° with positive electricity 
at the balls h and B. (F%g» 104) above c^d 
within. It was then discharged, opened, l^e 
shellac taken out, and its state examined; this 
was done by bringing the carrier ball near the 
shellac, uninsulating it, insulating it, and then 
observing what charge it had acquired. As it 
would be a charge by induction, the state of 
the ball would indicate the opposite state of 
electricity in that surface of the shellac which 
had produced it. At first the lac appeared quite 
free from any charge; but gradually its two 
surfaces assumed opposite states of electricity, 
the concave surface, which had been next the 
inner and positive ball, assuming a positive 
state, and the convex surface, which had been 
in contact with the negative coating, acquiring 
a negative state; these states gradually in- 
creased in intensity for some time. 

1238. As the return action was evidently 
greatest instantly after the discharge, I again 
put the apparatus together, and charged it for 
fifteen minutes as before, the inner ball posi- 
tively. I then discharged it, instantly removing 
fhe upper hemisphere with the interior ball, 
and, leaving the shellac cup in the lower unin- 
sulated hemisphere, examined its inner surface 
by the carrier ball as before (1237). In this way 
I found the surface of the shellac actually nego 
tmt or in the reverse state to the ball which 
had been in it; this state quickly disappeared, 
and was succeed by a positive condition, 
gradually increasing in intensity for some time, 
in the same manner as before. The first nega- 
tive condition of the surface opposite the pos- 
itive charging ball is a natural consequence of 
the state of tilings, the charging ball ^ng in 
contact with the shellao only in a few points. It 
does not interfere witii the general result and 
pecuMar state now undw oo^eration, imept 
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that It aariflta in illustratmg m a teiy maxlEed 
mamer the ultimate assumption by the mu^ 
faces of the shellac of an electrified condition, 
Bimilar to that of the metallic surfaces opposed 
to or against them. 

1239. GlasB was then examined with respect 
to its power of assuming this peculiar state. 1 
hadathickflint-glasshemispherical cup formed, 
which would fit easily into the space o of the 
lower hemisphere (1188, 1189); it had been 
heated and varnished with a solution of shellac 
in alcohol, for the purpose of destroying the 
conductingpower of the vitreous surface (1254) . 
Beingthenwell-warmedandexperiment^with, 
I found it could also assume the same stcutey but 
not apparently to the same degree, the return 
action amounting in different cases to quanti- 
ties from 6® to 18®. 

1240. Spermaceti experimented with in the 
same manner gave striking results. When the 
ori^nal charge had been sustained for fifteen 
or twenty minutes at about 500^, the return 
charge was equal to 96® or 100®, and was about 
fourteen minutes arriving at the maximum ef- 
fect. A charge continued for not more than two 
or three seconds was here succeeded by a re- 
turn charge of 60® or 60®. The observations 
formerly made (1234) held good with this sub- 
stance. Spermaceti, though it will insulate a 
low charge for some time, is a better conductor 
than shellac, glass, and sulphur; and this con- 
ducting power is connected with the readiness 
with which it exhibits the particular effect un^ 
der consideration. 

1241. Sulphur, 1 was anxious to obtain the 
amount of ^ect with this substance, first, het 
cause it is an excellent insulator, and in that 
respect would illustrate the relation of the ef- 
fect to the degree of conducting power possessed 
by the dielectric (1247) ; and in.the next place, 
t^t I might obtain that body giving the small- 
est degree of the effect now under consklera- 
tion for the investigation of the question of 
spedSc inductive capacity (1277). 

1242. With a good hemispherical cup of sul- 
phur cast solid and sdimd, I obtained tim return 
charge, but only to an amount of 17® or 18®. 
Thus glass and sulphur, whidi are bodily vesf 
bad conductors of electricity, and ind^ al- 
most perfect insulators, gave very little of this 
return charge, 

1243^1 the same ^qpmmqntliavitigmr 
only in the inductive apparatus. After a Con- 
tinued charge for some time 1 couMobtahi 
a littfo. effect of return action, but it was 

tbe efaellae pf ^^stean^^ ^ ’ 


^1244. T sought fo pr^oe someti^ 
this state witii one electric power and wit^mt 
induction; for upon the tlmry of an dectiie 
fitiid or fluids, that did not seem impossible^ 
and then I should have obtained an absolute 
charge (1169, 1177), or something equivalso^ 
to it. In this I could not succeed. I excited the 
outside of a cylinder of shellac very highly for 
some time, and then quickly discharging ' it 
(1203), waited and watched whether any ren 
turn charge would appear, but such was not 
the case. This is another fact in favour of fihe 
inseparability of the two electric forces (1177)^, 
and another argument for the view that indues 
tion and its concomitant phenomena depend 
upon a polarity of the particles of matter. 

1245. Although inclined at first to refer these 
effects to a peculiar masked condition of a eeiv 
tain portion of the forces, I think 1 have since 
correctly traced them to known principles of 
electrical action. The effects appear to be dim 
to an actual penetration of the charge to some 
distance within the electric, at each of its two 
surfaces, by what we call conduction; so that, 
to use the ordinary phrase, the electric forces 
sustaining the induction are not upon the me* 
tailic surfaces only, but upon and within the 
dielectric also, extending to a greater or smaUef 
depth from the metal linings. Letc (PL IX, Fig* 
10) be the section of a plate of any dieiectrio, a 
and b being the metallic coatings; let h be uiir 
insulated, and a be charged positivdy; afte 
ten or fifteen minutes, if a and b be discharged, 
insulated, and immediately examined, no elec- 
tricity will appear in them; but in a slmrt time^ 
upon a second examination, they will appear 
char^ in the same way, though not to the 
same degree, as they were at first. Now sup- 
pose that a portion of the positive force hai^ 
under the coercing influence of all the forces 
concerned, penetrated the didectric and taked 
up its place at the line p, a corresponding pof»- 
tion of the negative force having also aswimed 
its position at tiie line n; that in fact the 
trie at these two parts has become changed 
positive and negative; then it is clear tfaabilie 
induction of thm two forces will be sauiilt 
greater one towards the other, and less in aa 
external direction, now that they am at -At 
small distance n p from each other, thaumbiii 
they were at the larger interval a.h Tb^iield 
aind b be dia^iarged; the discharge oar 

nei^traliess aU external induction, axidfirn'Ccntr 
tngs arwtberefme fotmd l^tfae cariier^tialln^ 
ebldrifod; but it also removmaiaaosMliei^^ 
of tba loi^ by vduoh timd^^ 
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.ddvmintotbe (fielectric, and though probably 
a part of that oharge goes forward in its pass- 
age and terminates in what we eall discharge, 
Ite greater portion returns on its course to ^ 
surfaces of c, and consequently to the conduce 
tors a and 6, and constitutes the rechaige ob*> 
served. 

1246. The following is the experiment on 
which I rest for the truth of this view. Two 
plates of spermaceti, dand/ (PL IX, Fig. 11), 
were put t^ether to form the dielectric, a and 
h being the metallic coatings of this compound 
plate, as before. The system was charged, then 
disdiarged, insulated, examined, and found to 
^ve no indications of electricity to the carrier 
ball. The plates d and / were then separated 
from each other, and instantly a with d was 
found in a positive state, and h with / in a neg- 
ative state, nearly all the electricity being in 
the linings a and b. Hence it is clear that, of the 
forces sought for, the positive was in one-half 
of the compound plate and the negative in the 
other half; for when removed bodily with the 
plates from each other’s inductive influence, 
they appeared in separate places, and resumed 
oi necessity their power of acting by induction 
on the electricity of surrounding bodies. Had 
the effect depended upon a peculiar relation of 
the contiguous particles of matter only, then 
each half-plate, d and /, should have shown 
positive force on one surface and negative on 
the other. 

1247. Thus it would appear that the best 
€M)lid insulators, such as shellac, glass, and sul- 
phur, have conductive properties to such an 
extoit, that electricity can penetrate them bod- 
ily, though always subject to the overruling 
condition of induction (1178). As to the depth 
to which the forces penetrate in this form of 
sbarge of the particles, theoretically, it should 
be tibrou^^ut the mass, for what the charge of 
the metal does for the portion of dielectric next 
to it should be done by the charged dielectric 
for the portion next beyond it again; but prob- 
ably in the best insulators the sensible charge 
ie to a very small depth only in the dielectric, 
(ext otherwise more would disappear in the first 
instance whiled^ the original charge is sustained, 
hte time would be required for the assumption 
(rf the particular state, and more electricity 
would re-appear as return charge. 

1248. The conditi<m of time required for this 
ftaetratioii of the charge is important, both as 
n^i^tB Ibe i^ieral relation of the cases to 
aig^^etioti, aw idso the removal of an^objeo* 
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certain residts respecting specific inductive ca- 
pacities, hereafter to be given (1269, 1277). 

1249. It is the assumption for a time of this 
charged state of the glass between the coatings 
in the Leyden jar, which gives origin to a well- 
known phenomenon, usually referred to the 
diffusion of electricity over the uncoated por- 
tion of the glass, namely, the residual charge. 
The extent of charge which can spontaneously 
be recovered by a large battery, after perfect 
uninsulation of both surfaces, is very consider- 
able, and by far the largest portion of this is 
due to the return of electricity in the mahner 
described. A plate of shellac six inches square, 
and half an inch thick, or a similar plam of 
spermaceti an inch thick, being coated onUhe 
sides with tinfoil as a Leyden arrangemmt, 
will show this effect exceedingly well. \ 

1250. The peculiar condition of dielectrics 
which has now been described, is evidently 
capable of producing an effect interfering with 
the results and conclusions drawn from the use 
of the two inductive apparatus, when shellac, 
glass, &c., is used in one or both of them (1192, 
1207), for upon dividing the charge in such 
cases according to the method described (1198, 
1207), it is evident that the apparatus just re- 
ceiving its half charge must fall faster in its 
tension than the other. For suppose app. i first 
charged, and app. ii used to divide with it; 
though both may actually lose alike, yet app. 
i, which has been diminished one-half, will be 
sustained by a certain degree of return action 
or charge (1234), whilst app. ii will sink the 
more rapidly from the coming on of the partic- 
ular state. I have endeavoured to avoid this 
interference by performing the whole process 
of comparison as quickly as possible, and tak- 
ing the force of app. ii immediately after the 
division, before any sensible diminution of the 
tension arising from the assumption of the 
peculiar state could be produced; and I have 
assumed that as about three minutes pass be- 
tween the first charge of app. i and the divi- 
fflon, and three minutes between the division 
and discharge, when the force of the non-trans- 
ferable electricity is measured, the contrary 
tendencies for those periods would keep that 
apparatus in a moderately steady and uniform 
condition for the latter portion of time. 

1251. The particular action described occurs 
in the shtilac of tiie stems, as well as in the di* 
dectric used within the apparatuses. It there- 
fore constitutes a cause ^ which the outside 
of the stems may k some oparatious become 
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charged with dectridity* indep^ndant of the 
actbn of dust or darrying particles (1203). 

^v. On Specific Indvdim, cr Spedfijc Inr 
dudvoe CapocUy 

1252. 1 now proceed to examine the great 
question of specific inductive capacity, i.e.^ 
whether different dielectric bodies actually do 
possess any influence over the degree of induce 
tion which takes place through them. If any 
such difference should exist, it appeared to me 
not only of high importance in the further 
comprehension of the laws and results of in- 
duction, but an additional and very powerful 
argument for the theory I have ventured to 
put forth, that the whole depends upon a mo- 
lecular action, in contradistinction to one at 
sensible distances. 

The question may be stated thus: suppose A 
an electrified plate of metal suspended in the 
air, and B and C two exactly similar plates, 
placed parallel to and on each side of A at 
equal distances and uninsulated; A will then 
induce equally towards B and C. If in this posi- 
tion of the plates some other dielectric than 
air, as shellac, be introduced between A and C, 
will the induction between them remain the 
same? Will the relation of C and B to A be un- 
altered, notwithstanding the difference of the 
dielectrics interposed between them?^ 

1253. As far as I recollect, it is assumed that 
no change will occur under such variation of 
circumstances, and that the relations of B and 
C to A depend entirely upon their distance. I 
only remember one experimental illustration 
of the question, and that is by Coulomb,* in 
which he shows that a wire surrounded by shel- 
lac took exactly the same quantity of dectri- 
city from a charged body as the same wire in 
air. The experiment offered to me no proof of 
the truth of the supposition: for it is not the 
mere films of dielectric substances surrounding 
the charged body which have to be examined 
and compared, but the whole moss betwe^ 
that body and the surrounding conductors at 
which the inductian terminates. Charge de- 
pends upon induction (1171, 1178); and if in- 
duction is related to the particles of the sur- 
rounding dielectric, then it is rdated to all the 
particles of that dielectric inclosed by the sur- 
rounding conductots^ and not merely to the 
few tituated next to tiie charged body. Whether 

^ Refer for the practioal illustration of this staj^ 
ment to the supplementary note oommeneing 1307, 
Ac.-^Dac. 1S8S. 

> Mimoitet 4$ VAeodMe, 1787, pp. 488, 458. 


the difference I eoo^t for exacted or not, I 
soon found reason to doubt the conchudon 
might be drawn from Coulomb’s remdt; and 
therefore had the apparatus made, wlfich, with 
its use, has been already described (1187, &e.)^ 
and which appears to me well-stiited for the 
investigation of the question. 

1254. Glass, and many bodies which might 
at first be considered as vety fit to test the 
prmciple, proved exceedingly unfit for that 
purpose. Glass, principally in consequence of 
the alkali it contains, however well-warmed 
and dried it may be, has a certain degr^ of 
conducting power upon its surface, dependent 
upon the moisture of the atmosphere, which 
renders it unfit for a test experiment. Resin, 
wax, naphtha, oil of turpentine, and many other 
substances were in turn rejected, because of a 
slight degree of conducting power possessed by 
them; and ultimately shellac and sulphur were 
chosen, after many experiments, as the dielec- 
trics best fitted for the investigation. No dif- 
ficulty can arise in perceiving how the posses- 
sion of a feeble degree of conducting power 
tends to make a body produce effects, which 
would seem to indicate that it had a greater 
capability of allowing induction through it than 
another body perfect in its insulation. This 
source of error has been that which 1 haVO 
found most difficult to obviate in the proving 
experiments. 

1255. Induction through shellac. As a pre^ 
paratory experiment, I first ascertained geem- 
ally that when a part of the surface of a thick 
plate of shellac was excited or charged, there 
was no sensible difference in the character of 
the induction sustained by that charged part, 
whether exerted through the aif in the one di- 
rection, or through the shellac of the pla^ in 
the other; provided the second surface of the 
plate had not, by contact with conductors, the 
action of dust, or any other means, become 
charged (1203). Its solid conditi<m enabled it 
to retain the excited particles in a permanent 
position, but that appeared to be all; for these 
particles acted imt as freely through the AA* 
be on one side as throu^^ the air cm the othear^ 
The same general experiment was made by atfii 
taohmg a (fisc of tinfoil to one side of the sheBae 
plate, and electrifying it, and the lesidte 

the same. Scaroely any other solid snbetanee 
than shdiae> and sulfffiur, and no fiquid mhf 
stance that I have tried, wfil beat this 
ation. Glass in its ibate tttte%,faSoj 

yet i|t ti?as essentially ismsaaiy^ 
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1 ^^ degmof perfection in flie dieleetrio need, 
befom any further progrese cotdd be made in 
tibe principal investigation. 

1256. SAeliae and air were compared in the 
first place. For this purpose a thick hemisphm^ 
toal cup of shellac was introduced into the lower 
hemisphere of one of the inductive apparatus 
(il87> &e.), so as nearly to fill the lower half of 
tte space c, o (PL IX, Fig. 1) between it and 
inner ball; and then i^arges were divided 
in the manner already described (1198, 1207), 
Oadi apparatus bring used in turn to receive 
the first charge before its division by the other. 
As ihe apparatuses were known to have equal 
inductive power when air was in both (1209, 
1211), any differences resulting from the intro- 
duction of the shellac would show a peculiar 
. Ectkmin it, and if unequivocally referable to a 
flphcific inductive mfluence, would establish the 
print sought to be sustained. 1 have already 
referred to tiie precautions necessary in making 
tibe experiments (1199, &c.); and with respect 
to the error which might be introduced by the 
assumption of the peculiar state, it was guarded 
against, as far as possible, in the first place, by 
operating quickly (1248); and, afterwards, by 
using that diriectric as gl^ or sulphur, which 
assumed the peculiar state most slowly, and in 
the least degree (1239, 1241). 

. 1257. The riiellac hemisphere was put into 
app. i, and app. ii left filled with air. The re- 
sults of an experiment in which the charge 
through air was divided and reduced by the 
rimllac app. were as follows: 

App. i. Lac App. ii. Air 
Balls 256^ 

(f 

304* 

297 

Charge divided 

* 118 : 

121 

0 after being discharged 

7 after being discharged 

1258. Here 297**, minus 7*, or 290*, may be 
taken as the divisible charge of app. ii (the 7* 
beh^ fixed stem action [1203, 1232}}, of which 
145* IS the half. The lac app. i gave 113* as the 
power or tension it faadnequired after division; 
and the air app. ii gave 121*, minus 7*, or 114*, 
itim force iijXMssessed from what it retamed 
divisible eharge of 290*. These two num- 
bers ihould be alike, and th^ are 

nearlylBO^ indeed far witinn the errors ri 
effqiaRinm and observation. But these num- 
Msdiftar veiy much from 145*, or the force 
rihlDh 4he haff chat^ 


had contamed air instead of shellaA; and it ap- 
pears that whilst in the division the induction 
through the air has lost 176* of force, that 
through the lac has only gained 113*. 

1259. If this difference be aissumed as de- 
pending entirely on the greater faciUty pos- 
sessed by shellac of allowing or causing induc- 
tive action through its substance tlmn that 
possessed by air, then this capacity for electric 
induction would be inversely as the respec- 
tive loss and gain indicated above; and assum- 
ing the capacity of the air apparatus as 1, that 
of the shellac Apparatus would be or 1|155. 

1260. This extraordinary difference was so 
unexpected in its amount, as to excite the gr^t- 
est suspicion of the general accuracy of the^x- 
periment, though the perfect discharge of am. 
i after the division, showed that the 113* haH 
been taken and given up readily. It was evi- 
dent that, if it really existed, it ought to pro- 
duce corresponding effects in the reverse order; 
and that when induction through shellac was 
converted into induction through air, the force 
or tension of the whole ought to be increased. 
The app. i was therefore charged in the first 
place, and its force divided with app. ii. The 
following were the results: 

App. i. Lac App. ii. Air 

0 * 

215* 

,204 

Charge divided 

118 

118 

0 after being discharged 

0 after being discharged 

1261. Here 204® must be the utmost of the 
divisible charge. The app. i and app. ii present 
118* aa their respective forces; both now much 
above the half of the first force, or 102*, whereas 
in the former case they were below it. The lac 
a|^. i has lost only 86*, yet it has given to the 
air app. ii 118*, so that the lac still appears 
much to surpass the aiprthe capacity of the lac 
app. i to the air app. ii bring as 1.37 to 1. 

1262. The difference of 1.55 and 1.37 as the 
expresrion of the capacity for the induction of 
shrilac seems considerable, but is in reality very 
admissible under thecircumstances, for both are 
m error in coidrargdire^ Thus in the last 
experiment the charge fell from 215* to by 
the jomt effects of (fissipation and absorption 
(11^, 1250), during the tifiie whirit elaps^ In 
&e electrometer operations, between the applir 
cations of thecatrierbaU require^ to g^ve those 
two results. Nriurly an equri tiihe must have 
dlapsed between tto ai^lkatbnof tbeoailw 
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which g^rve the 204® zeeult, and the diviidon of 
the charge between the two apparatus; and as 
the fall in force progreasively decreases in 
amount (1192), if in this case it be taken at 
6® only, it will reduce the whole transferable 
charge at the time of division to 198® instead 
of 204®; this diminishes the loss of the shellac 
charge to 80® instead of 86®; and then the ex- 
pression of specific capacity for it is increased, 
and, instead of 1.37, is 1.47 times that of air. 

1263. Applying the same correction to the for- 
mer experiment in which air was first charged, 
the result is of the corUrary kind. No shellac hem- 
isphere was then in the apparatus, and therefore 
the loss would be principally from dissipation, 
and not from absorption : hence it would be near- 
er to the degree of loss shown by the numbers 
304® and 297®, and being assumed aii 6® would 
reduce the divisible charge to 284®. In that case 
the air would have lost 170®, and communicat- 
ed only 113® to the shellac; and the relative 
specific capacity of the latter would appear to 
be 1.50, which is very little indeed removed 
from 1.47, the expression given by the second 
experiment when corrected in the same way. 

1264. The shellac was then removed from 
app. i and put into app. ii and the experiments 
of division again made. 1 give the results, be- 
cause I think the importance of the point justi- 
fies and even requires them. 

App. i. Air App. ii. Lac; 

Balls 200° 

0" 

286° 

283 

Charge divided 

no 

109 

0.25 after discharge 

Trace after discharge 

Here app. i retained 109®, having lost 174® in 
communicating 110® to app. ii; and the capac- 
ity of the air app. is to the lac app., therefore, 
as 1 to 1.58. If the divided charge be corrected 
for an assumed loss of only 3®, being the amount 
of previous loss in the same time, it will make 
the capacity of the shellac app. 1.55 only. 

1265. Then app. ii was charged, and the 
charge divided thus: 

App. i. Air App. ii. Lao 

0 ® 

256® 

___251 
Charge divided 

146 

149 

. klit tla alter disohargi^ 

a fittle aft» discharge 


Here a|gL i acquired a ehaorge 
app. ii lost only 102® in communicatiiig that 
amount of force; the capacities bmng, 
tore, to each other as 1 to 1.43. If the whole 
transferable ch^e be corrected for a loss of 4® 
previous to division, it gives the expression of 
1.49 for the capacity of the shellac apparatus. 

1266. These four expressions of 1.47, 1.50, 
1.55, and 1.49 for the power of the shdlac ap- 
paratus, through the different variations of the 
experiment, are very near to each other; the 
average is close upon 1.5, which may hereafter 
be used as the expression of the result. It is a 
very important result; and, showing for this 
particular piece of shellac a decided superior- 
ity over air in allowing or causing the act of in- 
duction, it proved the growing necessity of a 
more close and rigid examination of the whole 
question. 

1267. The shellac was of the best quality, 
and had been carefully selected and cleaned; 
but as the action of any conducting particles in 
it would tend, virtually, to diminish the quan- 
tity or thickness of the dielectric used, and 
produce effects as if the two inducing surfaces 
of the conductors in that apparatus were nearer 
together than in the one with air only, I pre- 
pared another shellac hemisphere, of which the 
material had been dissolved in strong spirit df 
wine, the solution filtered, and then carefully 
evaporated. This is not an easy operation, for 
it is difficult to drive off the last portions of 
alcohol without injuring the lac by the heat 
applied; and unless they be dissipate, the sub- 
stance left conducts too well to used in these 
experiments. I prepared two hemispheres this 
way, one of them unexceptionable; and with it 
I repeated the former experiments with ail pre^ 
cautions. The results were exactly of the same 
kind ; the following expressions for the capacity 
of the shellac apparatus, whether it were 

i or ii, being ^ven directly by the expmmento, 
1.46, 1.50, 1.52, 1.51; the average of th^ and 
several others being very nearly 1.5. 

1268. As a final check upon the general cc^ 
elusion, I then actually brought the surfaces of 
the air apparatus, correspondmg to the item 
of the shellac in its apparatus, nearer togetborv 
by putting a metailio lining into the lower hSi^^ 
sphere of the one hot containing the lac (12li3)^ 
The distance of the metal surface from Ite. 
carrier hall ms in this way diminkhed btat 
0.62 oi an iourii to 0.435 of an inch, wltet the 
interval qoeupied by the lac in the otter 
paratus^ renudned 0.62 of an inch aa^ be£cK^ 
Notwithstanding this dbanjg^ ko appsisr 
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tus , showed its farmer superiority; and whether 
it or the air apparatus was charged first, the 
capacity of the lac apparatus to the air apparar 
tm was by the experimental results as 1 .45 to 1 . 

1269. From all the experiments I have made, 
and their constant results, I cannot resist the 
conclusion that shellac does exhibit a case of 
specific inductive capacity. I have tried to check 
the trials in every way, and if not remove, at 
least estimate, every source of error. That the 
final result is not due to common conduction is 
shown by the capability of the apparatus to re- 
tain the communicated charge; that it is not 
due to the conductive power of inclosed small 
particles, by which they could acquire a polar- 
ized condition as conductors, is shown by the 
effects of the shdlac purified by alcohol; and, 
lhat it is not due to any influence of the charged 
state, fonnerly described (1250), first absorb- 
ing and then evolving electricity, is indicated 
by the instantaneous assumption and discharge 
of those portions of the power which are con- 
cerned in the phenomena, that instantaneous 
effect occurring in these cases, as in all others 
of ordinary induction, by charged conductors. 
The latter argument is the more striking in the 
case where the air apparatus is employed to di- 
vide the charge with the lac apparatus, for it 
obtains its portion of electricity in an instant^ 
and yet is charged far above the mean. 

1270. Admitting for the present the general 
fact sought to be proved; then 1.5, though it 
expresses the capacity of the apparatus con- 
taining the hemisphere of shellac, by no means 
expresses the relation of lac to air. The lac only 
occupies one-half of the space o, o, of the ap- 
paratus containing it, through which the in- 
duction is sustained; the rest is filled with air, 
as in the other apparatus; and if the effect of 
the two upper halves of the globes be abstracted, 
then the comparison of the shellac powers in 
the lower half of the one, with the power of the 
air in the lower half of the other, will be as 2.1 ; 
and even this must be less than the truth, for 
the induction of the upper part of the appara- 
tus, i.e,, of the wire and ball B (PI. IX, Fig. 1) 
to ext^nal objects, must be the same in both, 
mid Gonriderably diminish the difference de* 
pmdent upon, mid really producible by, the 
influence cff the riiellac within. 

. 1271. Okas. I next worked with glass as the 
dielectrie. It involved the possibility of con- 
duction on its surface, but it excluded the idea 
islMceiMiucting particles within its substance 
thwthoseof itsownxnass. Besides 


this it does not assume the charged state (123^ 
so readily, or to such an extent, as shellac. 

1272. A thin hemispherical cup of glass being 
made hot was covered with a coat of shellac 
dissolved in alcohol, and after being dried for 
many hours in a hot place, was put into the ap- 
paratus and experimented with. It exhibit^ 
effects so slight, that, though they were in the 
direction indicating a superiority of glass over 
air, they were allowed to pass as possible errors 
of experiment; and the glass was considered as 
producing no sensible effect. 

1273. 1 then procured a thick hemispherical 
flint glass ch^ resembling that of shellac (jl239), 
but not filling up the space o, o, so wMl. Its 
average thickness was 0.4 of an inch, th«e be- 
ing an additional thickness of air, averaging 
0.22 of an inch, to make up the whole space of 
0.62 of an inch between the inductive metallic 
surfaces. It was covered with a film of shellac 
as the former was (1272), and being made very 
warm, was introduced into the apparatus, also 
warmed, and experiments made with it as in 
the former instances (1257, &c.). The general 
results were the same as with shellac, i.e., glass 
surpassed air in its power of favouring induc- 
tion through it. The two best results asjre- 
spected the state of the apparatus for retention 
of charge, &c., gave, when the air apparatus 
was charged first 1.336, and when the glass ap- 
paratus was charged first 1.45, as the specific 
inductive capacity for glass, both being with- 
out correction. The average of nine results, 
four with the glass apparatus fii’st charged, and 
five with the air apparatus first charged, gave 
1.38 as the power of the glass apparatus; 1.22 
and 1.46 being the minimum and maximum 
numbers with all the errors of experiment upon 
them. In all the experiments the glass appara- 
tus took up its inductive charge instantly, and 
lost it as readily (1269); and during the short 
time of each experiment, acquired the peculiar 
state in a small degree only, so that the influ- 
ence of this state, and also of conduction upon 
the results, must have been small. 

1274. Allowing specific inductive capacity to 
be proved and active in this case, and 1.38 as 
the expression for the glass apparatus, then the 
specific inductive capacity of flint glass will be 
above 1.76, not forgetting that this expression 
is for a piece of glass of such thickness as to oc- 
cupy not quite two-thirds of the space through 
which the induction is sustained U253, 1273). 

1275. Sulphur. The same hemisphere of this 
substance was used in app. ii as was form^ly 
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referred to (1242). The experimentB were well 
made, i.e. the sulphur itsdf was free from 
charge both before and ^fter each experiment, 
and no action from the stem appeared (1203, 
1232), BO that no correction was required on 
that account. The following are the results 
when the air apparatus was first charged and 
divided: 

App. i. Air App. ii. Sulphur 
Balls 280^ 



434 

Charge divided 

162 

164 

160 

162 

0 after discharge 

0 after discharge 

Here app. i retained 164®, having lost 270® in 
communicating 162® to app. ii, and the capac- 
ity of the air apparatus is to that of the sulphur 
apparatus as 1 to 1.66. 

1276. Then the sulphur apparatus was 
charged first, thus: 

0° 

0 ® 

396 

388 

Charge divided 

237 

238 

0 after discharge 

0 after discharge 

Here app. ii retained 238®, and gave up 150® in 
communicating a charge of 237® to app. i, and 
the capacity of the air apparatus is to that of 
the sulphur apparatus as 1 to 1.58. These re- 
sults are very near to each other, and we may 
take the mean 1.62 as representing the specific 
inductive capacity of the sulphur apparatus; 
in which case the specific inductive capacity of 
sulphur itself as compared to air*! (1270) 
will be about or above 2.24. 

1277. This result with sulphur 1 consider as 
oneof the most unexceptionable. The substance 
when fused was perfectly clear, pellucid, and 
free from particles of dirt (1267), so that no in- 
terference of small conducting todies confused 
the result. The substance when solid is an ex- 
cellent insulator, and by experiment was found 
to take up, with great slowness, that state 
(1241, 1^2) which alone se^ed likely to dis- 
turb the conclusion. The experiments them- 
selves, also, were free from any need of eorreo^ 


tion. Yet notwithstanding these drcumstanoes, 
so favourable to the exclusion pf error, the re- 
sult is a higher specific inductive capacity for 
sulphur thw for any other tody as yet tried; 
and though this may in part be due to the sul- 
phur being in a better shape, i.e., filling up 
more completely the space o, o, (PI. X, Fig. 
1) than the cups of shellac and glass, still I fed 
satisfied that the experiments altogether fuUy 
prove the existence of a difference between di- 
electrics as to their power of favouring an in- 
ductive action through them; which differ^oe 
may, for the present, be expressed by the term 
specific inductive capacity. 

1278. Having thus established the point in 
the most favourable cases that 1 could antici- 
pate, I proceeded to examine other bodies 
amongst solids, liquids, and gases. These re- 
sults I shall give with all convenient brevity. 

1279. Spermaceti. A good hemisphere of sper- 
maceti being tried as to conducting power 
whilst its two surfaces were still in contact 
with the tinfoil moulds used in forming it, was 
found to conduct sensibly even whilst warm. 
On removing it from the moulds and using it in 
one of the apparatuses, it gave results indicating 
a specific inductive capacity between 1.3 and 
1.6 for the apparatus containing it. But as the 
only mode of operation was to charge the air 
apparatus, and then after a quick contact with 
the spermaceti apparatus, ascertain what was 
left in the former (1281), no great confidence 
can be placed in the results. They are not m 
opposition to the general conclusion, but can- 
not be brought forward as argument in favour 
of it. 

1280. I endeavoured to find some liquids 
which would insulate wdl, and could be ob- 
tained in sufficient quantity for these experi- 
ments. Oil of turpentine, native naphtha recti- 
fied, and the condensed oil gas fiuid, appeared 
by common experiments to promise b^t as to 
insulation. Being left in contact with fused 
carbonate of potassa, ehloride of lime, and quick 
lime for some days and then filtered, they were 
found much injured in insulating power; but 
after distillation acquired their best state, though 
even then they proved to be conductors when 
extensive metallic contact was made with themw 

128L Oil ef turpmHne rectified. I filled the 
lower half of app. i with the fiuid: and as it 
would not hold a charge sufficiently to enable 
mefi)]ettomieasureaiidtbendivi(tei^^ lehargtd 
app. ii contfuniec dividing its du^e 
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mi&L app. i by aquixdc contact, zneasui^ %sA 
mnaining in app. ii: for, theoretically, if a 
quick contact would divide up to equal ti^sion 
l^tween the two apparatuses, yet without sen- 
sible loss from the conducting power of app. i; 
and app. ii were left charged to a degree of ten- 
sion ai^ve half the original charge, it would 
Indicate that oil of turpentine had less specific 
inductive capacity than air; or, if left cWged 
bdow that mean state of tension, it would im- 
ply that the fiuid had the greater inductive 
capacity. In an experiment of this kind, app. 
ii gave as its charge 390^ before division with 
app. i, and 175^ afterwards, which is less than 
the half of 390®. Again, being at 175® before di- 
vision, it was 79® after, which is also less than 
half the divided charge. Being at 79®, it was a 
thud time divided, and then fell to 36®, less 
than the half of 79®. Such are the best results I 
could obtain; they are not inconsistent with 
the belief that oil of turpentine has a greater 
lEpecific capacity than air, but they do not prove 
the fact, fdnce the disappearance of more than 
half the charge may be due to the conducting 
power merely of the fluid. 

1282. Naphtha. This liquid gave results sim- 
ilar in their nature and direction to those with 
an of tuipentine. 


1283. A most interesting class of substances, 
in relation to specific inductive capacity, now 
came under review, namely, the gases or aeri- 
form bodies. These are so pecuUarly consti- 
tuted, and are bound together by so many 
striking physical and chemical relations, that I 
63Epected some remarkable results from them: 
air in various states was selected for the first 
experiments. 

" 1284. Air, rare and dense. Some experiments 
division (1208) seemed to show that dense 
end rare air were alike in the property under 
examination. A simple and better process was 
to^attach one of the apparatuses to an air- 
{^p, to charge it, and then examine the ten- 
inon of the charge when the air within was more 
dr less rar^ed. Under these circumstanoes it 
waa found, tiiat commencing with a certain 
dSMgSf that diarge did not (t^nge in its 
mm or force aa the air was rarefi^, until the 
radrefaction was Sudi that discharge across tiie 
o, 0 (FI. ZX, Fig* 1) occun^. This (fis- 
liraq propc^tionate to the rarefaction; 
{ilaoe, and lowered 
^ >ltJ(^rtain degie^ 

1 by mstoiiig^^presSu^ 

F the 4ur to their firat qiian 
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Thus at a pressure of 30 theohargewas 


Again 

30 

the charge was < 

88 

Aj^ 

30 

the charge was 

87 

Reduced to 

14 

the charge was 

87 

Raised again to 

30 

the charge was 

86 


Being now reduced to 3.4 the charge fell to 81 
Rais^ again to 30 the charge was still 81 

1285. The charges were low in these experi- 
ments, first that they might not pass off at low 
pressure, and next that little loss by dissipa- 
tion might occur. I now reduced them still 
lower, that I^naight rarefy further, and fo^ this 
purpose in the following experiment ui^ a 
measuring interval in the electrometer of only 
15® (1185). The pressure of air within th© ap- 
paratus being reduced to 1 .9 inches of mercury, 
the charge was found to be 29®; then iettina in 
air till the pressure was 30 inches, the chmge 
was still 29®. 

1286. These experiments were repeated with 
pure oxygen with the same consequences. 

1287. This result of no mriojtion in the elec- 
tric tension being produced by variation in the 
density or pressure of the air, agrees perfectly 
with those obtained by Mr. Harris,^ and de- 
scribed in his beautiful and important investi- 
gations contained in the Philosophical Trans- 
actions; namely that induction is the same in 
rare and dense air, and that the divergence of 
an electrometer under such variations of the 
air continues the same, provided no electricity 
pass away from it. The ^ect is one entirely in- 
dependent of that power which dense air has of 
causing a higher charge to be retained upon the 
surface of conductors in it than can be retained 
by the same conductors in rare air; a point I 
propose considering hereafter. 

1288. I then compared hot and cold air to- 
gether, by raising the temperature of one of 
the inductive apparatus as high as it could be 
without injury, and then dividing charges be- 
tween it and the otimr apparatus containing 
cold air. The temperatures were about 50® and 
200®. Still the power or capacity appeared to be 
unchanged; and when I endeavoured to vary 
the experiment, by charging a cold apparatus 
and then warming it by a spirit lamp, I codd 
obtain no proof that the inductive capadty 
underwent any alteration. 

1289. 1 compared dampanddrg air together, 
but could fi]d no difference in t&e resdts. 

1290. Gam. long series of experiments 

^ Transaetionst 1334, pp. 223, islA 

237,244. 
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mts Urn undett$ltm tor tho purpose of eom* 
paring different poeea one ml£ another. They 
were all found to insulate wdl, except such as 
acted on Die sh^o of the supporting stem; 
these were chlorine, ammonia, and muriatic 
acid. They were all diried by appropriate means 
before being introduced into the apparatus. It 
would have been sufficient to have compared 
each with air; but, in consequence of the strik- 
ing result which came out, namely, that all had 
the same power of or capacity for^ sustaining in- 
duction through them (wUch perhaps might 
have been expected after it was found that no 
variation of density or pressure produced any 
effect), I was induced to compare them, ex- 
perimentally, two and two in various ways, 
that no difference might escape me, and that 
the sameness of result might stand in full op- 
position to the contrast of property, composi- 
tion, and condition which the gases themselves 
presented. 

1291. The experiments were made upon the 
following pairs of gases. 


1. Nitrogen and 

2. Oxygen 

3. Hychogen 

4. Muriatic acid gas 
3. Oxygen 

6. Oxygen 

7. Oxygen 

8. Oxygen 

9. Oxygen 

10. Oxygen 

11. Hydrogen 

12. Hydrogen 

13. Hydrogen 

14. Hydrogen 

15. Hydrogen 

16. Hydrogen 

17. Hydrogen 

18. Nitrogen 

19. Nitrogen 

20. Nitrogen 

21. Nitrogen 

22. Carbonic oxide 

23. Carbonic oxide 

24. Nitrous oxide 

25. Ammonia 


Oxygen 

Air 

Air 

Air 

Hydrogen 
Carbonic acid 
Olefiant gas 
Nitrous gas 
Sulphurous acid 
Ammonia 
Carbonic acid 
Olefiant gas 
Sulphurous acid 
Fluo-silioio acid 
Ammonia 

Arseniurotted hydrogen 
Sulphmetted hydrogen 
Olefiant gas 
Nitrous gas 
Nitrous oxide 
Ammonia 
Carbonic acid 
Olefiant gas 
Nitrous gas 
Sulphurous acid 


1292. Notwithstanding the striking contrasts 
of all kinds which these gases pi^esent of pr(^ 
erty, of denrity, whether simple or compound, 
anions or calMons (665), of high or low pres- 
sure (1284, 1286), hot or cold (1288), not. the 
least (Matoce in thrir capacity to &v(mr or 
edmit electrical induericm through them oquld 
be peimv^^ Oi^dering the point ee^eiMsked 
that in all gases indimtion ta^ place by 

an acDon of contiguouB particles, Die 


more toQiortaiit, and adds one to the many 
striking rdiations which hold between bodies 
having the gaseous ccmditicm and form. ;Ab« 
other equidly important riectrieal relation, which 
will be examined in the next paper, ^ is that 
which the different gases have to each other at 
the same preesure of causing the. retention of 
the same or different degrees ^ charge upon con- 
ductors in them. These two results appear to 
bear importantly upon the subject of electro- 
chemical exdtation and decomposition; for as 
aU these phenomena, different as they seem to 
be, must depend upon the electrical forces of 
the particles of matter, the very distance at 
which they seem to stand from each other wiQ 
do much, if properly considered, to illustrate 
the principle by wUch they are held in one 
common bond, and subject, as they must be, 
to one common law. 

1293. It is just possible that the gases may 
differ from each other in their specific induc- 
tive capacity, and yet by quantities so small as 
not to be distinguished in the apparatus I have 
used. It must be remembered, however, that 
in the gaseous experiments the gases occupy 
all the space o o (PI. IX, Fig, 1), between the 
inner and the outer ball, except the small po]> 
tion filled by the stem; and the results, there- 
fore, are twice as delicate as those with solid 
dielectrics. 

1294. The insulation was good in all the ex- 
peiiments recorded, except Nos. 10, 15, 21, 
and 25, being those in which ammonia was 
compared with other gases. When shellac is put 
into ammoniacal gas its surface gradually ac- 
quires conducting power, and in this way the 
lac part of the stem withb was so altered, that 
the ammonia apparatus could not retain ariiarge 
with sufficient steadiness to allow of division. 
In these experiments, therefore, the other ap- 
paratus was charged; its charge measured and 
divided with theammonia apparatus by a quick 
contact, and what remained untaken away by 
the division again measured (1281). It was so 
nearly one-half of the original charge, as to au^ 
thorixe, with tins reservation, the ins^tion of 
ammoniacal gas amongst the other gases, 
having equal power with them. 

f vi. OeneralSmdis as to InducUm ^ 

1295. Thus induction appears to be aa8etitbi% 
an actimit of contiguous particles, tiirqui^ 
intermediation of whkh the 

cre mating or ai^pearing at a cOctidn is 
propagated tii or sustained 

I Seeinrtiatiottto thiapoiiit 1882;4lto^ib«w^ 
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pearing ttim as a force of the same kbd ex- 
actly equal in amoimt, but opposite in its di- 
rection and tendencies (1164). Induction re- 
quires no sensible thickness in the conductors 
which may be used to limit its extent; an unin- 
sulated leaf of gold may be made very highly 
poritive on one surface^ and as highly negative 
on the other, without the least interference of 
tiie two stat^ whilst the inductions continue. 
Nor is it affected by the nature of the limiting 
conductors, provided time be allowed, in the 
case of those which conduct slowly, for them 
to assume their final state (1170). 

1296. But with regard to the dielectrics or in- 
sulatingmedia, matters are very different (1167). 
Their thickness has an immediate and impor- 
tant influence on the degree of induction. As to 

‘ thrir quality, though all gases and vapours are 
alike, whatever their state; yet amongst solid 
bodies, and between them and gases, there are 
differences which prove the existence of specific 
indvdive capacities, these differences being in 
some cases very great. 

1297. The direct inductive force, which may 
be concrived to be exerted in lines between the 
two limiting and charged conducting surfaces, 
is accompanied by a lateral or transverse force 
equivalent to a dilatation or repulsion of these 
representative lines (1224); or the attractive 
force which exists amongst the particles of the 
dielectric in the direction of the induction is ac- 
companied by a repulsive or a diverging force 
in the transverse direction (1304). 

1298. Induction appears to consist in a cer- 
tain polarized state of the patticles, into which 
they are thrown by the electrified body sus- 
taining the action, the particles assuming posi- 
tive and negative points or parts, which are 
symmetrically arranged with respect to each 
other and the inducting surfaces or particles.^ 
The state must be a forced one, for it is origin- 
ated and sustained only by force, and sinks to 
the normal or quiescent state when that force 
is removed. It can be corUimied only in insu- 
lators by the same portion of electricity, be- 
cause they only can retain this state of the 
particles (1304). 

1299. The principle of induction is of the ut- 
most generaUty in electric action. It consti- 
tutes charge in every ordinary case, and prob- 
ably in every case; it appears to be :&e cause of 

, f The theory of indetdiion which I am stating does 
not pretend to decide whether electricity be a fluid 
for fluids^r a mere power or condition of recognised 
, . yifttar. ,^at is a .question which I may be induced 
;iscoiistder hi ihe nan or lolhriring series of these re- 
'-ttwelMs. 


all excitement, and to precede every current. 
The degree to which the particles are affected 
in this their forced state, before discharge of 
one kind or another supervmes, appears to 
constitute what we call intensity. 

1300. When a Leyden jar is charged, the 

particles of the glass are forced into this polar- 
ized and constrained condition by the electric- 
ity of the charging apparatus. Discharge is the 
return of these particles to their natural state 
from their state of tension, whenever the two 
electric forces are allowed to be disposed of in 
some other 4irpction. r 

1301. All charge of conductors is on pheir 
surface, because being essentially inductive, it 
is there only that the medium capable ofWs- 
taining the necessary inductive state begins. If 
the conductors are hollow and contain aii or 
any other dielectric, still no charge can appi^r 
upon that internal surface, because the dielec- 
tric there cannot assume the polarized state 
throughout, in consequence of the opposing ac- 
tions in different directions. 

1302. The known influence of form is per- 
fectly consistent with the corpuscular view of 
induction set forth. An electrified cylinder is 
more affected by the influence of the surround- 
ing conductors (which complete the condition 
of charge) at the ends than at the middle, be- 
cause the ends are exposed to a greater sum of 
inductive forces than the middle; and a point 
is brought to a higher condition than a bail, be- 
cause by relation to the conductors around, 
more inductive force terminates on its surface 
than on an equal surface of the ball with which 
it is compared. Here too, especially, can be 
perceived the influence of the lateral or trans- 
verse force (1297), which, being a power of the 
nature of or equivalent to repulsion, causes such 
a disposition of the lines of inductive force in 
their course across the dielectric, that they 
must accumulate upon the point, the end of 
the cylinder, or any projecting part. 

1303. The influence of distance is also in har- 
mony with the same view. There is perhaps no 
distance so great that induction cannot take 
place through it;* but with the same constrain- 
ing force (1298) it takes place the more easilyi 
according as the extent of dielectric through 
which it is exerted is lessened. And as it is as- 

* I liave traced it experimentally from a ball placed 
in the middle of the large cube formerly described 
(1173) to the aides of the cube six feet distant, and 
alao from the same ball placed in the middle of our 
large lecture-room to the walls of the room at twen- 
ty-six feet distance* the charge sustained upon we 
ball in ^ese oases being sol^ due to induction 
through these distances. 
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suiaed by the theo^ that the parttclesof the die- 
lectric, though tending to remain in a normal 
state, are thrown into a forced condition during 
the induction; so it would seem to follow that 
the fewer there are of these intervening particles 
opposing their tendency to the assumption of 
the new state, the greater degree of change 
will they suffer, i.e., tibe higher will be the con- 
dition they assume, and the larger the amount 
of inductive action exerted through them. 

1304. 1 have used the phrases lines of induc- 
tive force and curved lines of force (1231, 1297, 
1298, 1302) in a general sense only, just as we 
speak of the lines of magnetic force. The lines 
are imaginary, and the force in any part of 
them is of course the resultant of compound 
forces, every molecule being related to every 
other molecule in aU directions by the tension 
and reaction of those which are contiguous. 
The transverse force is merely this relation 
considered in a direction oblique to the lines of 
inductive force, and at present I mean no more 
than that by the phrase. With respect to the 
term polarity also, I mean at present only a 
disposition of force by which the same mole- 
cule acquires opposite powers on different parts. 
The particular way in which this disposition is 
made will come into consideration hereafter, 
and probably varies in different bodies, and so 
produces variety of electrical relation.^ All I 
am anxious about at present is, that a more 
particular meaning should not be attached to 
the expressions used than I contemplate. Fur- 
ther imjuiry, I trust, will enable us by degrees 
to restrict the sense more and more, and so 
render the explanation of electrical phenomena 
day by day more and more definite. 

1306. As a test of the probable accuracy of 
my views, I have throughout this experimental 
examination compared them with the conclu- 
sions drawn by M. Poisson from his beautiful 
mathematical inquiries.* I am quite unfit to 
form a judgment of these admirable papers; 
but as far as I can perceive, the theory I have 
set forth and the results I have obtained are 
not in opposition to such of those conclusimis 
ae represent the final disposition and state of 
the forces in the limited number of cases he has 
considered. His theory assumes a very differ- 
ent mode of action in induction to that which I 
have ventured to support, and would probably 
find its mathematical test in the endeavour to 
apply it to cases of induction in curved lin€8< 

* See now 1686» Ac,— Dec. 1838. 

■ Mimoirea de V Institute 1811, Vol. XII, the first 
page 1, and seeond paging 163. 


To my feeling it is insufficient in accounting 
for the retentbn of electricity upon the sur- 
face of conductors by the pressure of the air, an 
effect which 1 hope to show is simple and con- 
sistent according to the present view;* and it 
does not touch voltaic electricity, or in any 
way associate it and what is called ordinaiy 
electricity imder one common principle. 

I have also looked with some anxiety to the 
results which that indefatigable philosopher 
Harris has obtained in his investigation of the 
laws of induction,^ knowing that they were ex- 
perimental, and having a full conviction of 
their exactness; but I am happy in perceiving 
no collision at present between them and the 
views I have taken. 

1306. Finally, I beg to say that I put forth 
my particular view with doubt and fear, lest it 
should not bear the test of general ex^ina- 
tion, for unless true it will only embarrass the 
progress of electrical science. It has long be^ 
on my mind, but I hesitated to publish it until 
the increasing persuasion of its accoidance with 
all known facts, and the manner in which it 
linked together effects apparently very differ- 
ent in kind, urged me to write the present 
paper. I as yet see no inconsistency between it 
and nature, but, on the contrary, think I per- 
ceive much new light thrown by it on her 
operations; and my next papers will be devot- 
ed to a review of the phenomena of conduc- 
tion, electrolyzation, current, magnetism, re- 
tention, discharge, and some other points, with 
an application of the theory to these effects, 
and an examination of it by them. 

Royal Instituliony November 16, 1837 

Supplementary Note to Experimental Researches 
in Electricity f Eleventh Series 
Received March 29, 1838 

1307. I have recently put into an experi- 
mental form that general statement of the ques- 
tion of specific inductive capacity which is given 
at No. 1252 of Series XI, and the result is such 
as to lead me to hope the Council of the Royfd 
Society will authorize its addition to the papei^ 
in the form of a supplementary note. Tbiee 
circular brass plates, about five inches in dt^ 
ameter, were mount^ side by side upon insu- 
lating pillars; tlm middle one, A, was a fis^tur^ 
but ^e outer plates B and C were moveal^ on 
slides, so timt ail three could be broc^t Wi& 
their sides almost into ecnitact, or separated to 

> Refer to 1377, 1378, 1379, 1398.-Dee. 183$. . 

* PMceepMosl TrmimetMe, 1834, p. 213. 
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i^qwcKl Two gold leaves were 

fswpm^ in a ^ass jar from insulated wires; 
one of tlie outer plates B was connected with 
one of the gold leaves, and the other outer 
plate with the other leaf. The outer plates B 
Slid C were adjusted at the distance of an inch 
and a quarter from the middle plate A, and the 
gold leaves were fixed at two inches apart; A 
was then slightly charged wi^ dectiicity, and 
the plates B and C, with their gold leaves, 
thrown out of insulation at the same timet 
then left insulated. In this state of things A 
was charged positive inductrically, and B and 
C negative inducteously; the same dielectric, 
air, teing in the two intervals, and the gold 
leaves hanging, of course, parallel to each other 
in a relatively unelectrifi^ state. 

iS08. A plate of shellac three-quarters of an 
indi in thickness, and four inches square, sus- 
pended by clean white silk thread, was very 
carefully deprived of all charge (1203) (so that 
it produced no effect on the gold leaves if A 
were uncharged) and then introduced between 
I^ates A and B; the electric relation of the 
three plates was immediately altered, and the 
gold leaves attracted each other. On removing 
teediellac this attraction ceased ; on introducing 
it between A and C it was renewed; on remov- 
ing it the attraction again ceased; and the shel- 
lac when examined by a delicate Coulomb elec- 
trometer was still without charge. 

1309. As A was positive, B and C were of 
course negative; but as the specific inductive 
capacity ^ shellac is about twice that of air 
(1270), it was expected that when the lac was 
introduced between A and B, A would induce 
more towards B than toward C; that there- 
lore B would become more negative than be- 
Imre towards A, and consequently, because of 
its insulated condition, be positive externally, 
as at its back or at the gold leaves; whilst C 
wpuld be less negative towards A, and there- 
kM negative outwards or at the gold leaves. 

was foimd to be the case; for on which- 
side ol A the shellac was introduced the 
i^Etemal plate at that side was positive, and 
extei^ plate on the other side negative 
towards each oih^f and a^ to uninsuta^ exr 
temal bodice. 

1310. On mploying a i^te of sulphur in- 
stead of shdiao, thesamer^ts were obtained; 
amisistenlrwiih the conelusions drawn regard- 
jhigthehi^ 8^^ indnetive capacity of that 

aljce^y given (12716). 

‘^^1^1311.. These effects jpf sp^c. inductive (!»r 
pan be eocidtod te 


thki capability makes the great value of 
the apparatus. Thus I introduced the shellac 
between A and B, and then for a moment cem- 
nected B and C, uninsulated them, and finally 
left them in the insulated state; the gold leaves 
were of course hanging parallel to each other. 
On removing the i^ellac the gold leaves at- 
tracted each other; on introducing the shellac 
between A and C this attraction was increased 
(as had been anticipated from theory), and 
the leaves came together, though not more 
than four inches long, and longing three inches 
apart. • j 

1312. By simply bringing the gold l^ves 
nearer to each other I was able to show the dif- 
ference of specific inductive capacity when only 
thin plates of shellac were used, the rest of\the 
dielectric space being filled with air. By bn^g- 
ing B and C nearer to A another great increase 
of sensibility was made. By enlarging the size 
of the plates still further power was gained. By 
diminishing the extent of the wires, &c., con- 
nected with the gold leaves, another improve- 
ment resulted. So that in fact the gold leaves 
became, in this manner, as delicate a teift of 
specific inductive action as they are, in Bennet’s 
and Singer's electrometers, of ordinary elec- 
trical charge. 

1313. It is evident that by making the three 
plates the sides of cells, with proper precau- 
tions as regards insulation, &c., this apparatus 
may be used in the examination of gases, with 
far more effect than the former apparatus (1187, 
1290), and may, perhaps, bring out differences 
which have as yet escaped me (1292, 1293). 

1314. It is also evident that two metal plates 
are quite sufficient to form the instrument; the 
state of the single inducteous plate when the 
dielectric is changed, being examined either by 
bringing a body excited in a known manner t<> 
war^ its gold leaves, or, what I think will be 
better, employing a carrier ball in place of the 
leaf, and examining that ball by the Coulomb 
electrometer (1180). The inductive and induc- 
teous surfaces may even be balls; the latter be- 
ing itself the carrier ball of the Coulopib’s elec- 
trometer (1181, 1229). 

1315. Toincreasetheeffect, asmallcondenser 
may be used with great advantage. Hius if) 
when two inducteous plates are used, a little 
condenser were put in the place of the gold 
leaves, I have no doubt the three prir^ipal 
plates mi#Lt be reduced to an inch or even 

an inch in diameter. Even the gold leaves act 
te each other for the time as platen, cdf a 

i^ndenseir. If only, two plates were ui^ tiy the 
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proper appScstion of the eondeiuser the eame 
reduction might take place. This expectation is 
fully justified by an effect already observed 
and described (1229). 

IBlfi. In that case the applicaticm of the in- 
strument to very extensive research is evident. 
Comparatively small masses of dielectrics could 
be examined, as diamonds and crystids. An 
expectation, that the specific inductive capac- 
ity of crystals will vary in different direc- 
tions, according as the lines of inductive force 
(1304) are par^lel to, or in other positions in 
relation to the axes of the crystals, can be 


tested:^ 1 puiposei^t^ these and many niteir 
thou^xts whiA arise respecting specific liiduo^ 
tive acticm and the polarity of the partides 
of dielectric matter, shi^ be put to the proof 
as soon as I can find time. 

1317. Hoping that this apparatus will form 
an instrum^t of considerable use, I beg to 
propose for it (at the suggestion of a irii&od) 
the name of (Kj^enHal induelotn^. 

Royal Institution^ March 29, 1838 

> Refer for thjs investigation to 1689 — 169S.>— 
Dee. 1838. 
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1318. 1 PROCEED now, according to my promise, 
to examine, by the great facts of electrical sci- 
ence, that theory of induction which I have 
ventured to put forth (1165, 1295, Jkc.). The 
principle of induction is so universal that it 
pervades all electrical phenomena; but the gen- 
eral case which 1 purpose at present to go into 
consists of insulation traced into and terminat- 
ing with discharge, with the accompanying ef- 
fects. This case includes the various modes of 
discharge, and also the condition and characters 
of a current; the elements of magnetic action 
being amongst the latter. I shall necessarily 
have occasion to speak theoretically, and even 
hypothetically; and though these papers pro- 
fess to be experimental researches, I hope that, 
cunsidering the facts and investigations ccm- 
tdned in tiie last series in support of the par- 
ticular view advanced, I shall not be consid- 
ered as taking too much liberty on the present 
occasion, or as departing too far firom the char- 
acter which they ought to have, especially as 1 
shall use evary opportunity which presents it^ 
self of returning to that strong teat of trfith, 
experiment, ^ 

1319. Induction has as yet been oottsideiM 
in these ^pera oxfiy in oases of insulatieh; op- 
posed to insutatiw is cfisdkppe. The aoti^ pt 
effect may be es^tnos^ 

tmd tistimge, may take place, as fav' aa we 
Awnie ot present, in seraal modm. Thus, 


that which is called simply conduction involves 
no chemical action, and apparently no dis- 
placement of the particles concerned. A second 
mode may be called electrolytic discharge] in it 
chemical action does occur, and particles must, 
to a certain degree, be displaced. A third mo^, 
namely, that by sparks or brushes, may, be- 
cause of its violent displacement of the paiti- 
cles of the dielectnc in its course, be call^ the 
disruptive discharge ; and a fourth may, perhaps, 
be conveniently distinguished for a time by 
the words oomedion^ or carrying discharg^\ be- 
ing that in which discharge is effected either 
by the carrying power of solid parti<^6s, enr 
those of gases and liquids. Hereafter, perhaps, 
all these modes may appear as the result of one 
common principle, but at present they require 
to be conside^ apart; and I will now spe^of 
the^rsf mode, for amongst all the forms of ^ 
charge, that which we express by tiie tem 
duction appears the most simple and the moSt 
directly in contrast with insulation. r 

f vU, Cmdudioni or Comiue^ 

1320. Thoot^ assumed to be esseoitia^^l^ 
{brent, yet neither Cavendidb nor PoiBB0B!«it> 
tempt to ttcphnn by, or even state in, tiMw 
theorks, what the essential differenee bet w ee n 
insoIalaOB and oonduction a. Nor have 1 aosr^ 
thing, periiapB, to offer in this SMspt 

that, aiMord^ to my view of bdnetron, inau* 
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leMm and ecmduction depend upon the same 
molecular action of the dieiectries concerned; 
are only extreme degrees of me common condi- 
tion or effect; and in any sufficient mathemat- 
ical theory of electncity must be taken as cases 
of the same kind. Hence the importance of the 
endeavour to show the connection between 
them under my theory of the electrical rela- 
tions of contiguous particles. 

1321. Though the action of the insulating di- 
electric in the charged Leyden jar, and that of 
the wire in discharging it, may seem very dif- 
ferent, they may be associate by numerous 
intermediate links, which carry us on from one 
to the other, leaving, I think, no necessary con- 
nection unsupplied. We may observe some of 
these in succession for information respecting 
the whole case. 

1322. Spermaceti has been examined and 
found to be a dielectric, through which induc- 
tion can take place (1240, 1246), its specific in- 
ductive capacity being about or above 1.8 
(1279), and the inductive action has been con- 
sidered in it, as in all other substances, an ac- 
tion of contiguous particles. 

1323. But spermaceti is also a conductor^ 
though in so low a degree that we can trace the 
process of conduction, as it were, step by step 
through the mass (1247); and even when the 
electric force has travelled through it to a cer- 
tain distance, we can, by removing the coerci- 
tive (which is at the same time the inductive) 
force, cause it to return upon its path and re- 
appear in its first place (1245, 1246). Here in- 
duction appears to be a neci^sary preliminary 
to conduction. It of itself brings the contiguous 
particles of the dielectric into a certain condi- 
tion, which, if retained by them, constitutes 
insidation, but if lowered by the communicar 
tion of power from one particle to another, 
constitutes condvotion, 

1324. If glass or shellac be the substances un- 
der consideration, the same capa1)iiities of suf’^ 
lering either induction or conduction through 
l^m appear (1233, 1239, 1247), but not in the 
same degim The conduction almost disap- 
pears (1239, 1242) ; the induction therefore is 
sustained, i.e., the polarized state into which 
the inductive force has brought the contiguous 
particles is retained^ there being little discharge 
action between them^ and therefore the insvlor 
Mon continues. But, what discharge there is, 
aj^^ears to be consequent upon that condition 
^ the psUrtieles into i^hich the induction throws 

thus it is ordinary insulation 
condnctiene^^losely associated together 
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or rather are extrme cases of one common con- 
dition. 

1325. In ice or water we have a better con- 
ductor than spermaceti, and the phenomena of 
induction and insulation therefore rapidly dis- 
appear, because conduction quickly follows up- 
on the assumption of the inductive state. But 
let a plate of cold ice have metallic coatings on 
its sides, and connect one of these with a good 
electrical machine in work, and the other with 
the ground, and it then becomes easy to ob- 
serve the phenomena of induction through the 
ice, by the electrical tension which can be ob- 
tained and qojjAinued on both the coatingip (419, 
426). For although that portion of power fwhich 
at one moment gave the inductive conditton to 
the particles is at the next lowered by the con- 
sequent discharge due to the conductive £^t, it 
is succeeded by another portion of force From 
the machine to restore the inductive statl^. If 
the ice be converted into water the same suc- 
cession of actions can be just as easily proved, 
provided the water be distilled, and (if the ma- 
chine be not powerful enough) a voltaic bat- 
tery be employed. 

1326. All these considerations impress my 
mind strongly with the conviction, that insu- 
lation and ordiniiry conduction cannot be prop- 
erly separated when we are examining into 
their nature; that is, into the general law or 
laws under which their phenomena are pro- 
duced. They appear to me to consist in an ac- 
tion of contiguous particles dependent on the 
forces developed in electrical excitement; these 
forces bring the particles into a state of tension 
or polarity, which constitutes both induction 
and insidation; and being in this state, the con- 
tinuous particles have a power or capability of 
communicating their forces one to the other, 
by which they are lowered, and discharge oc- 
curs. Every body appears to discharge (444, 
987); but the possession of this capability in a 
greater or smaller degree in different bodies, 
makes them better or worse conductors, worse 
or better insulators; and both induction and 
conduction appear to be the same in their prin- 
ciple and action (1320), except that in the lat- 
ter an effect common to both is raised to the 
highest degree, whereas in the former it occurs 
in the best cases, in only an almost insensible 
quantity. 

1327. That iu our attempts to penetrate into 
the nature of electrical action, and to deduce 
laws more general than those we are at.pres^t 
acquainted with, we should endeavour to briug 
apparently opposite effects to stand by 
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side in harmonious arrangement, is an opinion 
of long standmg, and sanctioned by the ablest 
philosophers. I hope, therefore, I may be ex- 
cused the attempt to look at the highest cases 
of conduction as analogous to, or even the same 
in kind with, those of induction and insulation. 

1328. If we consider the slight penetration of 
sulphur (1241, 1242) or shellac (1234) by elec- 
tricity, or the feebler insulation sustained by 
spermaceti (1240, 1279), as essential conse- 
quences and indications of their conducting pow- 
er, then may we look on the resistance of me- 
tallic wires to the passage of electricity through 
them as inavlating power. Of the numerous 
well-known cases fitted to show this resistance 
in what are called the perfect conductors, the 
experiments of Professor Wheatstone best serve 
my present purpose, since they were carried to 
such an extent as to show that time entered as 
an element into the conditions of conduction^ 
even in metals. When discharge was made 
through a copper wire 2640 feet in length, and 
Msth of an inch in diameter, so that the lumi- 
nous sparks at each end of the wire, and at the 
middle, could be observed in the same place, 
the latter was found to be sensibly behind the 
two former in time, they being by the condi- 
tions of the experiment simultaneous. Hence a 
proof of retardation; and what reason can be 
given why this retardation should not be of the 
same kind as that in spermaceti, or in lac, or 
sulphur? But as, in them, retardation is insu- 
lation, and insulation is induction, why should 
we refuse the same relation to the same exhi- 
bitions of force in the metals? 

1329. We learn from the experiment that if 
time be allowed the retardation is gradually 
overcome; and the same thing obtains for the 
spermaceti, the lac, and glass (1248); give but 
time in proportion to the retardation, and the 
latter is at last vanquished. But if that be the 
case, and all the results are alike in kind, the 
only difference being in the length of time, why 
should we refuse to metals the previous induc- 
tive action, which is admitted to occur in the 
other bodies? The diminution of time is no ne- 
gation of the action; nor is the lower degree of 
tension requisite to cause the forces to traverse 
the metal, as compared to that necessary in the 
cases of water, spermaceti, or lac. These dif- 
ferences would only point to the conclui^on, 
that in metals the particles under induction 
can transfer thrfr forces when at a lower degree 
of tension or polarity, and with greater facility 
than in the instances of the other bodies. 

* ^hfiSUmphkal TVonsoc^tona, 1834, p. 583. ^ ^ 


1330. Let us look at Mr. Wheatstone’s bean^ 
tiful experiment in another point of view. If, 
leaving the arrangement at the middle and two 
ends of the long copper wire unaltered, we re- 
move the two intervening portions and replace 
them by wires of iron or platina, we shall have 
a much greater retardation of the middle spark 
than before. If, removing the iron, we were to 
substitute for it only five or six feet of water in 
a cylinder of the same diameter as the metal, 
we should have still greater retardation. If from 
water we passed to spermaceti, either directly 
or by gradual steps through other bodies (even 
though we might vastly enlarge the bulk, for 
the purpose of evading the occurrence of a 
spark elsewhere [1331] than at the three prop- 
er intervals), we should have still greater re- 
tardation, until at last we might arrive, by de- 
grees so small as to be inseparable from each 
other, at actual and permanent insulation. 
What, then, is to separate the principle’of these 
two extremes, perfect conduction and perfect 
insulation, from each other; since the moment 
we leave in the smallest degree perfection at 
either extremity, we involve the element of 
perfection at the opposite end? Especially too, 
as we have not in nature the case of perfection 
either at one extremity or the other, either of 
insulation or conduction. 

1331. Again, to return to this beautiful ex- 
periment in the various forms which may be 
given to it: the forces are not all in the wire 
(after they have left the Leyden jar) during 
the whole time (1328) occupied by the dis- 
charge; they are disposed in part through the 
surrounding dielectric under the well-known 
form of induction; and if that dielectric be air, 
induction takes place from the wire through 
the air to surrounding conductors, until the 
ends of the wire are electrically related through 
its length, and discharge has occurred, i.e., for 
the time (luring which the middle spark is re-, 
tarded beyond the others. This is well shown 
by the old experiment, in vdiich a long wire is 
so bent that two parts (PI. X, Fig, I), a, 6, near 
its extremities shall approach within a short 
distance, as a quarter of an inch, of each other 
in the air. If the discharge of a Leyden jar, 
charged to a sufficient degree, be sent throu^; 
such a wire, by far the largest portion of Vim 
electricity pass as a spark across the air 
the interval, not by the metal. Does 
the middle part of the wire, ther^ore, act 

as an insulating medium, though it mefK 
al7 and is not the spark through the air aniii>i 
dication of the tension (tiinultaneems with 







giiigle wire? Why diould sot theirire and 
sir both be regained as dielectiics; and Ihe ae^ 
tian at its eommeneement, and whilst there is 
tension, as an inductiveaction? If itaetsthronj^ 
the contorted lines of the wire, so it also does 
in curved and contorted lines through air (1219, 
1224, 1231), and other insulating didectries 
(1228) ; and we can apparently go so far in the 
analogy, whilst limiting the case to the induc- 
tive acticm only, as to show that amongst in- 
sulating dielectrics some lead away the lines of 
force from others (1229), as the wire will do 
from worse conductors, though in it the princi- 
pal effect is no doubt due to the ready dis- 
charge between the particles whilst in a low 
state of tendon. The retardation is for the time 
insulation; and it seems to me we may just as 
fairly compare the air at the interval o, b (Fig. 
1) and the wire in the circuit, as two bodies of 
the same kind and acting upon the same prin- 
ciples, as far as the first inductive phenomena 
are concerned, notwithstanding the different 
forms of discharge which ultimately follow,^ as 
we may compare, according to Coulomb’s in- 
vestigations,^ different lengths of different insu- 
lating bodies required to produce the same 
amount of insulating ^Gfect. 

1332. This comparison is stiU more striking 
when we take into consideration the experiment 
of Mr. Harris, in which he stretched a fine wire 
across a glass globe, the air within being rare- 
fied.* On sending a charge through the joint ar- 
rangement of metal and rare air, as much, if 
not more, electricity passed by the latter as by 
the former. In the air, rarefied as it was, there 
can be no doubt the discharge was preceded by 
induction (1284) ; and to my mind all the cir- 
cumstances indicate that the same was the 
case with the metal; that, in fact, both eoib- 
stances are dielectrics, exhibiting the same ef- 
fects in consequence of the action of the same 
causes^ tile only variation being one of deg^ 
in the different substances employed* 

1333* Jud^g on these prineiiies, vekxnty 
of disclmrge ihrou^ the some wire may be 
varied gitsd;lybyattendmgtothecircmnBtanc^ 
which cause variations of discharge throu|^ 
spermaceti sulphur* Hios, for uurtance^ it 
must vary with the tension or intenirity of Hie 
^ force <1234, 1240), whi^ tensicm 
Is oharge and mducHon. So if the two ends of 

' will be examined hereafter (1848, Jba,). 

^Mimeirss d» VAesd/Msi ITgS, p. 012 ;or MnAgde* 


iiie -wb<^ Id Vl»«teiaae*i mepia^ 

mait» mn iminediatdy «oniieeted tiith Inro 
huge insidated metalfoeusiaees exposed 
air, im that Hms primary act of induction, albtr 
maldng the contact for cfischarge, mi|^t be, in 
p^ removed from the internal portion of the 
wire at the first instant, and disposed for the 
mmnent on its surface jointly wi& the air emd 
surrounding conductors, then I venture to an- 
ticipate that the middle spark would be mote 
retted than before; and if these two pla3^ 
were the inner and outer coating of a hyge jar 
or a Leyden battery, then the retardation <4 
that spark would be stfil greater. 

1334. Cavendish was perhaps the first to 
riiow distinctly that discharge was not always 
by one channel,* but, if several are present, by 
many at once. We may make these dffferent 
channels of different l^es, and by proper* 
tioning their thicknesses and lengths, may 
include such substances as air, lac, spmnaceti, 
water, protoxide of iron, iron and silver, and 
by one discharge make each convey its propor- 
tion of the electric force. Perhaps &e air ought 
to be excepted, as its discharge by conduetkni 
is questionable at present (1336) ; but the oth- 
ers may all be limit^in their mode of dischars^ 
to pure conduction* Yet several of them suffer 
previous induction, precisely like the induction 
through the air, it being a necessary prelixni-^ 
nary to their discharg^g action. How can we 
therefore separate any one of these bodies from 
the others, as to the principles and mode <4 
Bulatmg and conducting, except by mere d/^ 
gree? All seem to me to be dielectrics acting 
alike, and und^ the same common laws. 

13^. I nn^t draw another argument in fav- 
our of the general sameness, in nature and ac- 
tion, of go^ and bad conductors (and ail the 
bod^ I refer to are condactora more or less), 
frmn the perfect equipoise in action of very 
different bodies when opposed to each other in 
magneto-dectric inductive action, as fomo^y 
described (218), but am anxious to be as brief 
as is consistent with the clear examination bl 
the probable truth of my views. ^ 

1336. With regard to the possession ly 
gams of any co^ueting power of the 
kind now consideration, the 
a very diSksUlt one to determine at ptm i 0 > 
Experiments seem to indicate that they do iiH 
siUate certain low degrees of tend(m 
and that the tfeets which may have appesml 
to be ocearibned by conduction havehetm thti 
result of euiying power of the riuuied 
, « IWoccifiaien^ 
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particles/ the lur or of dt^t^ ht 
is equally boweveri that with hi^ar 

dcgi^ of tension or charge the particles duh 
^arge to one another, and that is conduce 
tkm^ If the gases possess the power of insulate 
hsg a certain low degree of tention continuous- 
ly and perfectly, such a result may be due to 
their peculiar physical state, and the condi- 
tion of separation under which their particles 
are placed. But in that, or in any case, we must 
not forget the fine experiments of Cagniard 
de la Tour,^ in which he has shown that liquids 
and their vapours can be made to pass gradu- 
ally into each other, to the entire removal of 
any marked distinction of the two states. 
Thus, hot dry steam and cold water pass by 
insensible gradations into each other; yet the 
One is amongst the gases as an insulator and 
the other a comparatively good conductor. As 
to conducting power, therefore, the transition 
from metals even up to gases is gradual; sub- 
stances make but one series in this respect, 
and the various cases must come under one 
condition and law (444). The specific differ- 
ences of bodies as to conducting power only 
serves to strengthen the general argument, that 
conduction, like insulation, is a result of induc- 
tion, and is an action of contiguous particles. 

1337. 1 might go on now to consider induc- 
tion and its concomitant, conduction, through 
mixed dielectrics, as, for instance, when a 
charged body, instead of acting across air to a 
distant uninsulated conductor, acts jointly 
through it and an interposed insulated conduc- 
tor. In such a case, the air and the conducting 
body are the mixed dielectrics; and the latter 
assumes a polaiiaed condition as a mass, like 
that which my theory assumes each particle of 
the air to possess at the same time (lfi79) . But 
I fear to tedious in the present condition of 
the subject, and hasten to the consideration of 
matter. 

1338. To sum up, in some d^ree, what has 
been said, 1 look upon the first effect of an ex- 
cited body upon neighbouring mattos to be 
the production of a polarized state of their par- 
tidim, which constitutes induction; and this 
arises from its action upon the particles in im- 
mediate contact with it, which again act upon 
those contiguous to them, and thus the forces 
arc transfei^ to a distance. If the induction 


remain undiminished, then perfect insulation 
ia the consequence; and the higher the polar- 
ised condition which the particles can acquire 


' iA^tale$ de XXI, pp. 127, 178; or Quar- 

les AmmdtjIfSoienee, XV.< 145. 


< 2 r maintarn, the higher is the mtenmty wMch 
may be given to the acting forces. IS, on* the 
contrary, the contiguous particles, upon ac- 
quiring the polarized state, have the power 
to communicate their forces, then conduction 
occurs, and the tension is lowered, conduction 
being a distinct act of discharge between neigh- 
bouring particles. The lower the state of ten- 
sion at which this discharge between the par- 
ticles of a body takes place, the better con- 
ductor is that body. In this view, insulators 
may be said to be bodies whose particles can 
retain the polarized state; whilst conductors 
are those ^l^ose particles cannot be perman- 
ently polarized. If I be right in my view of in- 
duction, then I consider the reduction of these 
two effects (which have been so long held dis- 
tinct) to an action of contiguous particles obe- 
dient to one common law, as a very, important 
result; and, on the other hand, the identify of 
character which the two acquire when viewed 
by the theory (1326), is additional presump- 
tive proof in favour of the correctness of the 
latter. 

1339. That heat has great influence over sim- 
ple conduction is well known (445), its effect 
being, in some cases, almost an entire cha^nge 
of the characters of the body (432, 1340). Har- 
ris has, however, shown that it in no respect 
affects gaseous bodies, or at least air;* and Dar 
vy has taught us that, as a class, metals have 
their conducting power diminished by it.® 

1340. 1 formerly described a substance, sul- 
phuret of silver, whose conducting power was 
increased by heat (433, 437, 438); and I have 
since then met with another as strongly affect- 
ed in the same way .'this is fluoride of lead. When 
a piece of that substance, which had been fused 
and cooled, was introduced into the circuit of 
a voltaic battery, it stopped the current. Being 
heated, it acquired conducting powers before 
it was visibly red-hot in dayh^t; and even 
sparks could be taken against it whilst still sol- 
id. The curr^t alone then raised its temperar 
ture (as in the case of sulphuret of silver) until 
it fused, after which it seemed to conduct as 
well as the metallic vessel contaiiling it; for 
whether the wire used to complete the circuit 
touched the fused fluoride only, or was in ocm<^ 
tact with the platina on which it was support- 
ed, no sensible effierenoe in the force of tiie 
current was observ^. During all the tme 
there was scarcely a trace of decomposing 

• Philoeophicdl TraneacUone, 1834» p. 230. 

•/M., 1821^ p. 431. 
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aetum of the fluoride, aasd what ^fld oceur 
seexoed referable to the air and moisture of &e 
atmosphm, and not to Electrolytic action. 

134X. I have now very little doubt that per- 
iodide of mercury (414, 448, 691) is a case of 
the same kind, and also corrosive sublimate 
(692). I am also inclined to think, since making 
the above experiments, that the anomalous ac- 
tion of the protoxide of antimony, formerly ob- 
served and described (693, 801), may be re- 
ferred in part to the same cause. 

1342, 1 have no intention at present of going 
into the particular relation of heat and elec- 
tricity, but we may hope hereafter to discover 
by experiment the law which probably holds 
together all the above effects with those of the 
evolution and the disappearance of heat by the 
current, and the striking and beautiful results 
of thermo-electricity, in one common bond. 

^ viii. Electrolytic Discharge 

1343. I have already expressed in a former 
paper (1164), the view by which I hope to as- 
sociate ordinary induction and electrolyzation. 
Under that view, the discharge of electric forces 
by electrolyzation is rather an effect superadd- 
ed, in a certain class of bodies, to those already 
desci'ibed as constituting induction and insu- 
lation, than one independent of and distinct 
from these phenomena. 

1344. Electrolytes, as respects their insulat- 
ing and conducting forces, belong to the gen- 
eral category of bodies (1320, 1334) ; and if they 
are in the solid state (as nearly all can assume 
that state), they retain their place, presenting 
then no new phenomenon (426, &c.) ; or if one 
occur, being in so small a proportion as to be 
almost unimportant. When liquefied, they also 
belong to the same list whilst the electiic in- 
tensity is below a certain degree; but at a given 
intensity (910, 912, 1007), fixed for each, and 
very low in all known cases, they play a new 
part, causing discharge in proportion (783) to 
the development of certain chemical effects of 
combination and decomposition; and at this 
point, move out from the general class of insu- 
lators and conductors, to form a distinct one 
by themselves. The former phenomena have 
b^n considered (1320, 1338) ; it is the latter 
which have now to be revised, and used as a 
test of the proposed theory of induction. 

1346. The theory assumes, that the particles 
of the dielectric (now an electrolyte) are in the 
instance brought, by ordinary inductive 
^tion, into a polarized state, and raised to a 
certain degree of tension or intensity b^re 


dischaar^eoinm^ieeB;^ inductive stkte be* 
ing, in fact, nnecesamry prdimimry to disd^ge. 
By taking advimtage of those circumstanooi 
which bear upon the point, it is not difficult to 
increase the tension indicative of this state of 
induction, and so make the state itself more 
evident. Thus, if distilled water be employed, 
and a long narrow portion of it placed between 
the dectrodes of a powerful voltaic battery, we 
have at once indications of the intensity whidi 
can be sustained at these electrodes by the in- 
ductive action through the water as a dielec- 
tric, for sparks may be obtained, gold leaves 
diverged, and Leyden bottles charged at their 
wires. The water is in the condition of the sper- 
maceti (1322, 1323), a bad conductor and a bad 
insulator; but what it does insulate is by virtue 
of inductive action, and that inductionis the pre- 
paration for and precursor of discharge (1^8). 

1346. The induction and tension which ap- 
pear at the limits of the portion of water in the 
direction of the current are only the sums of 
the induction and tension of the contiguous 
particles between those limits; and the limitar* 
tion of the inductive tension, to a certain de- 
gree shows (time entering in each case as an 
important element of the result), that when 
the particles have acquired a certain relative 
state, discheirge, or a transfer of forces equiva- 
lent to ordinary conduction, takes place. 

1347. In the inductive condition assumed by 
water before discharge comes on, the particles 
polarized are the particles of the water ^ that be- 
ing the dielectric used;^ but the discharge be- 
tween particle and particle is not, as before, a 
mere interchange of their powers or forces at 
the polar parts, but an actual separation of 
them into then* two elementary particles, the 
oxygen travelling in one direction, and carry- 
ing with it its amount of the force it had ao^ 
quired during the polarization, and the hydros 
gen doing the same thing in the other direc- 
tion, until they each meet the next approaching 
particle, which is in the same dectrical state 
with that they have left, and by association of 
their forces with it, produce what constitutes 
discharge. This part of the action may be 
gaided as a carrying one (1319, 1572, 1622^)^ 
performed by the constituent particles of the 
dielectric. The latter is always a compoumi 
body (664, 823); and by those who have coo- 
sidered the subject and are acquainted 

the philoBophicid view of transfer wfaidi waii 
first put fcu^ by Grotthuss,^ its partides mi^ 

» See ie9ii^i7oa.-2)«. isss. 
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eadto&voarh^ 1 do not psmivi m 

jret ooe lad^ against it. ' 

1353. There are many pdnts of dedrdyiic 
diadmffe which ultimatdy will require to be 
very closely considered, ^ugh I can but slight- 
ly touch upon them. It is not that, as far as I 
have investigated them, they present any con- 
tradiction to the view taken (for I have care- 
fuUy) thou^ unsuccessfully, sou^t for such 
cases), but simply want of time as yet to pur- 
sue the inquiry, which prevents me from enter- 
ing upon them here. 

13M. One point is, that different electrol 3 rtes 
or dielectrics require differmit initial intenm- 
ties for iteir decomposition (912). This may 
depend upon the d^ree of polarization which 
the particles require before electrolytic dis- 
charge commences. It is in direct relation to 
the chemical affinity of the substances con- 
cerned; and will probably be found to have a 
relation or analogy to the specific inductive 
capacity of different bodies (1252, 1296). It 
thus promises to assist in causing the great 
truths of those extensive sciences, which are 
occupied in considering the forces of the parti- 
cles of matter, to fall into much closer order 
and arrangement than they have heretofore 
presented. 

1355. Another point is the facilitation of elec- 
trolytic conducting power or discharge by the 
addition of substances to the dielectric em- 
ployed. This effect is strikingly shown where 
water is the body whose qualities are improv- 
ed, but, as yet, no general law governing all 
the phenomena has been detected. Thus some 
acids, as the sulphuric, phosphoric, oxalic, and 
nitric, increase the power of water enormous- 
ly; whilst others, as &e tartaric and citric acids, 
give but little power; and others, again, as the 
acetic and boracic adds, do not produce a 
change sensiUe to the voltameter (739). Am- 
monia inoduces no effect, but its carbonate 
does. The caustic alkalies and their carbonates 
produce a fair ^ect. Sulphate of sode, tdtre 
(753), mi many soluble salts produce much 
effect. iPercyanide of mercury and corrosive 
sublimate produce no effect; nor does iodine^ 
gum, or sugar, the test being a voltameter. In 
i3^y cases the added substance is acted on 
eith^ directly or directly, and then the phe* 
nomena are more oomplicat^; such substances 
are muriaticjsdd (753)^ the soluble prptqehlo- 
(7^^ and io^des (769), nitric ac^ (752), 
In qmar caSBs subshmee added iemt, 
or a conductor of the 


amt reodves power when associati#e^ith 
water^ M. de la Bive has iminted this residt 
out in sulphurous aeid,^ io£ne and bromine;* 
the chloride of arsenic produces the same m- 
fect. A far more striking case, howevm', is pa^e- 
sented by that very influential body, siUphuric 
add (681): and probably phosphoric add alw> 
is in the same peculiar relation. 

1356. It would seem in the cases of those 
bodies which suffer no change themselves, is 
sulphuric acid (and perhaps in all), that (hey 
affect water in its conducting power only as an 
electrolyte; for whether little or much im- 
proved, the decomposition is proportionate io 
the quantity of electricity passing (727, 730), 
and the transfer is therefore due to dectrdytic 
discharge. This is in accordance with the fact 
already stated as regards water (984), thatt^ 
conducting power is not improv^ for dectric- 
ity of force below the electrolytic intdidty of 
the substance acting as the dielectric; but bo& 
facts (and some others) are against the opinion 
which I formerly gave, that &e power of salts, 
(&c. might depend upon their assumption of 
the liquid state by solution in the water em- 
ployed (410). It occurs to me that the effect 
may perhaps be related to, and have its explan- 
ation in differences of specific inductive oi^Nild- 
ities. 

1357. I have described in the last papW, 
cases, where shellac was rendered a conduckw 
by absorption of ammonia (1294). The same 
effect happens with muriatic acid; yet botiii 
these sutetances, when gaseous, are non-coor 
ductors; and the ammonia, also when in strong 
solution (748). Mr. Harris has mention^ in- 
stances* in which the conducting power of met- 
als is seriously altered by a very little afioy. 
These may have no relation to the former cases, 
but nevertheless should not be overlodced hi 
the general investigatiem which the whdie ques- 
tion requires. 

1358; Nothing is perhaps more strikittg in 
that class ol dli^trics wMch we call eleetroi^; 
lytes, than the extraonlinary and almost 
plete suspension of their peculiar mode of at-, 
fecting discharge when they are rendered soM ; 
(380, even though the intensity of the in- 
duction acting through them may be ixMsreaaeit 

, ' j 

iftyar^vjmtrnal, XXVII. 407; or 
t/mv«r«sUe. a!L, 206. Kemp aaye sulphurous acSS Is 
a very sood oonduotor. QuarUrly Journal, p. 

513. 

aiSrsfenriSf’ * 

TVulisfMtiofM, ISer^'pc. 2^ 



m 


riHADAY 


SunaBsXIX 


lor tmi^B <419). It not only eo- 
taUi^es a very general relation between the 
^ymosi properties of these bodies and elee- 
tzicity acting by induction through them, but 
chraws both their physical and chemical rela- 
tions so near together, as to make us hope we 
shall shortly arrive at the full comprehension 
nf the influence they mutually possess over 
each other. 

f ix* Dimiptive Discharge and Insulation 

1359. The next form of discharge has been 
distinguished by theadjectived^srupfi&e (1319), 
as it in every case displaces more or less the 
particles amongst and across which it suddenly 
breaks. I include under it, discharge in the 
lorm of sparks, brushes, and glow (1405), but 
^exclude the cases of currents of air, fluids, &c., 
which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1360. The conditions requisite for the pro- 
duction of an electric spark in its simplest form 
are well-known. An insulating dielectric must 
be interposed between two conducting surfaces 
in opposite states of electricity, and then if the 
actions be continually increased in strength, or 
otherwise favoured, either by exalting the elec- 
tric state of the two conductors, or bringing 
them nearer to each other, or diminishing the 
density of the dielectric, a spark at last appears, 
and the two forces are for the time annihilated, 
lor disdiarge has occurred. 

1361. The conductors (which may be con- 
sidered as the termini of the inductive action) 
are in ordinary cases most generally metals, 
whilst the dielectrics usually employed are com- 
•nmn air and glass. In my view of induction, 
however, every dielectric becomes of imx)or- 
tanoe, for as the results are considered essen- 
tially dependent on these bodies, it was to be 
expected that differences of action never before 
scMpected would be evident upon close exam- 
ination, and so at once give fresh confirmation 
id the theory, and open new doors of discovery 
into the extensive and varied fields of our sci- 
ence. This hope was especially entertained with 
respect to the gases, ^cause of their hi^ de- 
cree of insulation, their uniformity in physical 
condition, and great difference in chemical 
properties. 

1362. All the effects prior to the discharge 
^ inductive; and the degree of tension whi^ 

is necessary to attain bd<^re the spark passes 
j|s0erefore, in the examination I am now mak- 
; of new view of Induction, a very im^ 
'■portajit point kt is the limit of ^ influence 


which the ditieetricexerts mmistingdischaarge ; 
it is a measure, consequently, of tte conserva- 
tive power of the dielectric, which in its tum 
may be considered as becoming a measure, and 
therefore a representative of the intensity of 
the electric forces in activity. 

1363. Many philosophers have examined the 
circumstances of this limiting action in air, 
but, as far as I know, none has come near Mr. 
Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.^ 
Some of his results I must very briefly notice, 
premising that they are all obtained with the 
use of air as the dielectric between the conduct- 
ing surfaces. 

1364. First as to the distance betweeh the 
two balls used, or in other words, the ihid^ss 
of the dielectric across which the induction! was 
sustained. The quantity of electricity, meas- 
ured by a unit jar, or otherwise on the s^e 
principle with the unit jar, in the charged or 
inductive ball, necessary to produce spark dis- 
charge, was found to vary exactly with the dis- 
tance between the balls, or between the dis- 
charging points, and that under very varied 
and exact forms of experiment.® 

1365. Then with respect to variation in the 
pressure or density of the air. The quantities of 
electricity required to produce discharge across 
a constant interval varied exactly with varia- 
tions of the density; the quantity of electricity 
and density of the air being in the same simple 
ratio. Or, if the quantity was retained the same, 
whilst the interval and density of the air were 
varied, then these were found in the inverse 
simple ratio of each other, the same quantity 
passing across twice the distance with air rare- 
fied to one-half.® 

1366. It must be remembered that these ef- 
fects take place without any variation of the 
inductive force by condensation or rarefaction 
of the air. That force remains the same in air,^ 
and in all gases (1284, 1292), whatever their 
rarefaction may be. 

1367. Variation of the temperature of the air 
produced no variation of the quantity of deo- 
tricity required to cause discharge across a giv- 
en interval.® 

Such are the general results, which I have 
occasion for at present, obtain^ by Mr. Har- 
ris, and they appear to me to be unexception- 
able. 


1 PkUosophieal Transootumst 1834, p. 2^. 
* Jbid.i p. 225. 
p. 229. 

« Ibid., pp. 237, 244. 
iJTM. p: 280 . 
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1368. In the theory of induction founded up- 
on a molecular action of the dielectric, we have 
to look to the state of that body principally for 
the cause and determination of the above ef- 
fects. Whilst the induction continues, it is as- 
gumed that the particles of the dielectric are in 
a certain polarized state, the tension of this 
state rising higher in each particle as the induc- 
tion is raised to a higher degree, either by ap- 
proximation of the inducing surfaces, varia- 
tion of form, increase of the original force, or 
other means; until at last, the tension of the 
particles having reached the utmost degree 
which they can sustain without subversion of 
the whole arrangement, discharge immediately 
after takes place. 

1369. The theory does not assume, however, 
that all the particles of the dielectric subject to 
the inductive action are affected to the same 
amount, or acquire the same tension. What 
has been called the lateral action of the lines of 
inductive force (1231, 1297), and the diverging 
and occasionally curved form of these lines, is 
against such a notion. The idea is, that any 
section taken through the dielectric across the 
lines of inductive force, and including all of 
them, would be equal, in the sum of the forces, 
to the sum of the forces in any other section; 
and that, therefore, the whole amount of 
tension for each such section would be the 
same. 

1370. Discharge probably occurs, not whm 
all the particles have attained to a certain de- 
gree of tension, but when that particle which is 
most affected has been exalted to the subvert- 
ing or turning point (1410), For though all the 
particles in the line of induction resist charge, 
and are associated in their actions so as to give 
a sum of resisting force, yet when any one is 
brought up to the overturning point, dl must 
give way in the case of a spark between ball 
and ball. The breaking down of that one must 
of necessity cause the whole barrier to be over- 
turned, for it was at its utmost degree of resist- 
ance when it possessed the aiding power of 
that one particle, in addition to the power of 
the rest, and the pow^ of that one is now lost. 
Hence tension or intensity^ may, acconffng to 
the theory, be considered as represented by the 
particular condition of the partides, or the 
amount in them of forced variation from their 
normal state (1298, 1368). 

1371. Tiie whole eSeetproduced by acharged 
conductor on a distant conductor, insulated or 

^ See Hiuffls on pr<moMd particvlar of 

these terms, I6aiip?222. 


not, is by my theory assumed to be due to an 
action propagated from particle to particle >of 
the intervening and insulating dielectric, dl 
the particles teing considered as thrown for 
the time into a forced condition, from which 
they endeavour to return to their normal or 
natural state. The theory, therefore, seems to 
supply an easy explanation of the influence of 
distance in affecting induction (1303, 1364). As 
the distance is diminished induction increases; 
for there are then fewer particles in the line of 
inductive force to oppose their united resist- 
ance to the assumption of the forced or polar- 
ized state, and vice versa. Again, as the distance 
diminishes, discharge across happens with a 
lower charge of electricity; for if, as in Harris^ 
experiments (1364), the interval be diminished 
to one-half, then half the electricity required 
to discharge across the first interval is sufficient 
to strike across the second; and it is evident, 
also, that at that time there are only half the 
number of interposed molecules uniting their 
forces to resist the discharge. 

1372. The effect of enlarging the conducting 
surfaces which are opposed to each other in the 
act of induction, is, if the electricity be limited 
in its supply, to lower the intensity of action; 
and this follows as a very natural consequence 
from the increased area of the dielectric across 
which the induction is effected. For by diffus- 
ing the inductive action, which at first was ex- 
erted through one square inch of sectional area 
of the dielectric, over two or three square inch- 
es of such area, twice or three times the num^ 
ber of molecules of the dielectric are brought 
into the polarized condition, and employed in 
sustaining the inductive action, and conse- 
quently the tension belonging to the smalls 
number on which the limited force was origin^- 
ally accumulated, must fall in a proportionate 
d^ree. 

1373. For the same reason diminishing these 
opposing surfaces must increase the intensity, 
and the effect will increase until the surfaces 
become points. But in this case, the tenrion, 
of the particles of the dielectric next the points 
is higher than that of particles midway, be* 
cause of the lateral action and consequmit 
bulging, as it were, of the lines of induetiv^ 
force at the middle distance (1369). 

1374. The more exalted effects Pf induction 
on a point p, or any small surface, as the rbmiiiN 
ed end of a rod, when it is opposed to a larige 
surface^ as that of a ball or |^te, rather than 
to ano&er point or end, the distarice 

both easea the same, fail iiito ha2iih^^ 




11^ 3^ in tte ktlor 

diSGi :|bie.MBiB siiTfaoe p is sffecied miy hf 
Vbm» ph^Mbb whidi are brought into the in- 
duotive eondition by the equally small surCaoe 
of llie opposed conductor, whereas when that 
is 4 or plate the lines of inductive force 
4rom the latter are concentrated, as it were, 
uptm the end p. Now though the molecules of 
we dklectiic against the large surface may 
have a much lower state of tension than those 
against the corresponding smaller surface, yet 
^ey are also far more numerous, and, as tl^ 
lines of inductive force converge towards a 
pmnt, are able to communicate to the particles 
contained in any cross section (1369) nearer 
Ihe small surface an amount of tencaon equal 
to their own, and consequently much hi^er 
for eadi individual particle; so tibat, at the sur- 
face of the smaller conductor, the tension of a 
particle rises much, and if that conductor were 
to terminate in a point, the tension would rise 
to an infinite degree, except that it is limited, as 
before (1368), by discharge. The nature of the 
dischai^ from small stu'faces and points under 
induction will be resumed her^ter (1425, 
dm.}. 

. 1375. Rar^adion of the air does not alter the 
inteimty of mductive action (1284, 1287) ; nor 
is there any reason, as far as I can perceive, 
why it should. If the quantity of electricity 
ami the distance remain the same, and the air 
he xairefied one-half, then, though one-half of 
the particles of the ^elecMc are removed, the 
<^er half assume a double degree of teuton in 
their polarity, and therefore the inductive forces 
tmf.t»4aneed, and tiie result remains unaltoed 
SHlIcmg es the induoticm and insulation are sus- 

Blit the case of diadmge is very differ* 
for as there are only half the numlw of di- 
flaibtfo particles in the rarefied atmosphere, so 
these sre brou^t up to the discharging int^ 
fay half the fo quantity of electricity; 

therefore, ensues, and such a conse* 
flh^ice of the theory is in perfect accordance 
Mr, rei^ts (1365). 

Ihe inaretm of diectricity required to 
oaiise ifischaige over .the same distance, when 
fhe ppeseiire of tlmairor is increased, 

ffdtfs in a tiatildr maimer, and on the same 
prindple (1376); from the molecular theory. 

. . 1877. Here lifafaikmy view of induction has 
admded advantatssover others, especially over 


and k adsorb |enma% 

received; anti it associates tiro smSi dfaeltnilar 
things, as tiie ponderous air and the subtile 
and even hypothetical fluid or fluids of elec- 
tricity, by gross mechanical relations; by the 
bonds of mere static pressure. My theory, on 
the contrary, sets out at once by.oonnecting 
the electric forces vdth the particles of mati 
ter; it derives all its proofs, and even its origin 
in the first instance, from experiment; and 
then, without any further assumption, seems 
to offer at once a full ex^danation of these and 
many other singular, peculiar, and, I think, 
heretofore untonnected effects. I 

1378. An important assisting experimental 
argument may here be adduced, d^vedurom 
the difference of specific mductive capadW of 
different dielectrics (1269, 1274, 1278). Con- 
sider an insulated sphere electrified posititely 
and placed in the centre of another and lar^ 
sphere uninsulated, a uxuform dielectric, as air, 
intervening. The case is really that of my ap- 
paratus (1187), and also, in effect, that of any 
ball electrified in a room and removed to some 
distance from irregularly-formed conductors. 
Whilst things remain in this state the electric- 
ity is distributed (so to speak) uniformly oyer 
the surface of the electrified sphere. But intro- 
duce such a dielectric as sulphur or lac, into 
the space between the two conductors on one 
side only, or opposite one part of the inner 
q>here, and immediately the electricity on the 
latter is diffused unequdly (1229, 1270, 1309), 
althou^ the form of the conducting surfaces, 
their dtetances, and the pressure of the atmos- 
phere remain perfectly unchanged. 

1379. Fusinieri took a different view from 
that of Poisson, Biot, and others, of the reason 
why rarefaction of air caused easy diffuskm (ff 
tieotridty. He considered the effect as due to 
the removal of the obstacle which tiie air pre- 
sented to the expansion of the substances from 
which tiie electrieity passed.* But platina balls 
show the phenomwa In vacuo as well as vola- 
tile metsds and otiier substances; besides which, 
whan the rarefaction is very consideraUe, the 
tieetricity passes withjcar^y any resktanee, 
and the pF^uetion of no sensiUe heat; so tiiat 
I think Fusimerik idew of the matta* isBkebr 
to gain but few assents. 

1380. 1 hate no need to remark upon tlia dk 
charging or odlecting power of flmne or hot 


.ttat whid^ refers the rstention of electricity 
pn4i»mirfaceof condHCtom pres- 

iOmospkerc (1305). The latter is 
which, beiug adt^ited by Pdwon 


air, I bdi&ve, witii Haxrk that the. mere heat 


^Sne 

• M. 


tmihpjfita' JBrUamiea Italiiipl.* 
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iiifiimtila«l. Hie of ittrelaetio& hik heeSi 
already coxuddered genecaliy <ia75); etid that 
camsed by the heat a burning light, with the 
pointed form of the wick, and the carrying pow- 
er of the carbonaceous particles which for the 
time are associated with it, are fuUy sufficient 
to account for all the effects. 

1381. We have now arrived at the important 
question, how will the inductive tension requi- 
fflte for insulation and disruptive discharge be 
sustained in gases, which, having the same 
physical state and also the same pressure and 
the same temperaiwre as air, differ from it in 
specific gravity, in chemical qualities, and it 
may be in peculiar relations, which not be- 
ing as yet recognized, are purely electrical 
(1361)? 

1382. Into this question I can enter now only 
as far as is essential for the present argument, 
namely, that insulation and inductive tension 
do not depend merely upon the charged con- 
ductors employed, but also, and essentially, 
upon the interpos^ dielectric, in consequence 
of the molecular action of its particles (1292). 

1383. A glass vessel a (PI. X, Fig. IS) was 
ground at the top and bottom so as to be closed 
by two ground brass plates, h and c; b carried a 
stuffing-box, with a sliding rod d terminated 
by a brass ball s below, and a ring above. The 
lower plate was connected with a foot, stop- 
cock, and socket, a, / and g; and also with a 
brass ball I, which by means of a stem attached 
to it and entering the socket p, could be fixed 
at various heights. The metallic parts of this 
apparatus were not varnished, but the glass 
was well-covered with a coat of shellac previ- 
ously dissolved in alcohol. On exhausting the 
vessel at the air-pump it could be filled with 
any other gas than air, and, in such cases, the 
gas so pas^ in was dried whilst entering by 
fused chloride of calcium. 

1384. The other part of the aj^iaratus con- 
sisted of two insulating pillars, h ax^ i, to which 
were fixed twb brass b^s, and throu^ these 
passed two eliding rods, k and m, terminated 
at each end by brass balls; n is end of m 
insulated conductor; which could be rendered 
either positive or negative from an electrieai 
machine; a and p are wires, connecting it with 
the two parts previously described, and p m a 
wire whicht connoting the two oppotite sides 
of the cottateral arrangements, al^cmnmuid- 
oates a good ^bchsH^gi^ train r (282). 

It is evident, the dtscharge 


tween rand I, orS and L. Theregulation adopted 
in the first experiments was to keep s and I with 
their distance unchanged^ but to introduce first 
one gas and then another into the vessd a, add 
then balance the discharge at the one plai^ 
gainst that at the other; for by making 
interval at u sufficiently small, all the disc wge 
Would pass there, or making it sufficiently laiii^e 
it would all occur at the interval v in the rsr 
ceiver. On principle it seemed evident, that in 
this way the varying interval u might be ta^ 
as a measure, or ratW indication of the resist** 
ance to discharge tiirough the gas at the con- 
stant interval v. The following are the constant 

HimAnininng . 

Ball a 0.93 of an inch 
Ball S 0.96 of an inch 
Ball I 2.02 of an inch 
Ball L 1.95 of an inch 
Interval v 0.62 of an inch 


1386. On proceeding to experiment it was 
found that when air or any gas was in the re- 
ceiver a, the interval u was not a fixed one; it 
might be altered through a certain range of dis- 
tance, and yet sparks pass either there or at v 
in the receiver. The extremes were therefore 
noted, i.e. the greatest distance short of that 
at which the discharge always took place at s 
in the gas, and the least distance short of that 
at which it always took place at u in the air. 
Thus, with air in the receiver, the extremes at 
u were 0.56 and 0.79 of an inch, the range of 
0.23 between these distances including iuftei^ 
vala at which sparks passed occasional^ mtber 
at one place or the other. 

1387. The small balls s and S could be ren- 
dered either positive or negative from the ma- 
chine, and as gases were expected and w|^ 
found to differ from eadi other in relaticm tp 


these differences of charge were also noted. 

1388. The following is a table of results; tl^e 
gas named is that in ^e vessel a. The sxx^leel, 
greatest, and xx^aa interval at u in air is 
pressed in parts pi inch, the interval v bti^; 
constantly of an. inch. y. . ^ 1 , / 


|Air,satidS,pos. 
^r,8andSinegl 
Oxygen, s and 
Oxygen, sand S; neg. 
Nitrogen, a and S, pos. 
Kitrc^ejn, i and 8^ neg. 


Small- 

est 

0.60 

0.90 

0.41 

0.60 

ass 

04i». 




Mt 

aro 
0^ 

0.00 QJW 
0.82 0810 


m FABAJDAY SisttmB SSI 


Small- Grea^ 
est est Mean 

|l9ydrQgen| aandS,pos. 0.30 0.44 0.370 

{HydrogexiiaaiidSineg. 0.25 0.30 0.276 

Carboniic acid» < and S, pos. 0.56 0.72 0.640 

Cai^bni€acid,6andS,neg. 0.58 0.60 0.590 

Olefiant gas, s and S,po8. 0.64 0.86 0.750 

Olefiant gas, sand S,neg. 0.69 0.77 0.730 

Coal gas, s and S, pos. 0.37 0.61 0.490 

Coalgas,aandS,neg. 0.47 0.58 0.525 

Muriatic acid gas, 8 and S,pos. 0.89 1.32 1.105 

Muriatic acid gas, a and S,neg. 0.67 0.75 0.720 

1389. The above results were all obtained at 
onetime. On other occasions other experiments 
were made, which gave generally the same re- 
sults as to order, though not as to numbers. 
Thus: 

Hydrogen, a and S, pos. 0.23 0.57 0.400 

Carbonic acid, a and S, pos. 0.51 1.05 0.780 

Olefiant gas, a and S, pos. 0.66 1.27 0.965 

I did not notice the difference of the barometer 
on the days of experiment.^ 

1390. One would have expected only two 
distances, one for each interval, for which the 
discharge might happen either at one or the 
other; and that the least alteration of either 
would immediately cause one to predominate 
constantly over the other. But that under com- 
mon circumstances is not the case. With air in 
the receiver, the variation amounted to 0.2 of 
an inch nearly on the smaller interval of 0.6, and 
with muriatic acid gas, the variation was above 
0.4 on the smaller interval of 0.9. Why is it that 
when a fixed interval (the one in the receiver) 
will pass a spark that cannot go across 0.6 of air 
at one time, it will immediately after, and ap- 
parently under exactly similar circumstances, 
not pass a spark that can go across 0.8 of air? 

1391. It is probable that part of this varia- 
tion will be traced to particles of dust in the air 
drawn into and about the circuit (1568). I be- 
Keve also that part depends upon a variable 
charged condition of the surface of the glass 
vessel «. That the whole of the effectris not 
traceable to the influence of circumstances in 
iSie vessel a, may be deduced from the fact, 
tiiat when sparks occur between balls in free 
air they frequently are not straight, and often 
pass o^emise thw by the shortest distance. 
These variations in air itself, and at different 
parte of the very same balls, show the presence 
^d influence of circumstances which are csd- 
iS^iiated to produce effects of the kind now un« 

consideration 

experimehta in different gases are 


1392. When aapark had passed at either in^ 
terval, then, g^iierally, more tended to appear 
at the mm interval, as if a preparation h4d 
been made for the passing of the latter iqmrks. 
So also on continuing to work the machine 
quickly the sparks generally followed at the 
same place. This effect is probably due in part 
to the warmth of the air heated by the precede 
ing spark, in part to dust, and I suspect in part 
to something unperceived as yet in the circum- 
stances of discharge. 

1393. A very remarkable difference, which is 

constant in its direction, occurs when the elec- 
tricity comqiynicated to the balls a and S is 
changed from positive to negative, or in the 
contrary direction. It is that the range m va- 
riation is alwa3rs greater when the small Wls 
are positive than when they are negative. This 
is exhibited in the following table, drawn from 
the former experiments. \ 



Pos. 

Neg. 

Air the range was 

0.19 

0.09 

Oxygen 

0.19 

0.02 

Nitrogen 

0.13 

0.11 

Hydrogen 

0.14 

0.05 

Carbonic acid 

0.16 

0.02 

Olefiant gas 

0.22 

0.08 

Coal gas 

0.24 

0.12 

Muriatic acid 

0.43 

0.08 


I have no doubt these numbers require consid- 
erable correction, but the general result is strik- 
ing, and the differences in several cases very 
great. 

1394. Though, in consequence of the varia- 
tion of the striking distance (1386), the inter- 
val in air fails to be a measure, as yet, of the 
insulating or resisting power of the gas in the 
vessel, yet we may for present purposes take 
the mean interval as representing in some de- 
gree that power. On examining these mean in- 
tervals as they are given in ttie third column 
(1388), it will be very evident, that gases, when 
employed as dielectrics, have peculiar electri- 
cal relations to insulation, and therefore to in- 
duction, very distinct from such as might be 
supposed to depend upon their mere physical 
qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pres^ 
sure they are not alike, the difference being as 
great as 37 and 110. When the small balls are 
charged positively, and with the same surfaces 
and the same pressure, muriatic acid gas has 
tiiree times the insulating or restraining power 
(1362) of hydrogen gas, and nearly twice that 

natzo|^iOrair. ^ 
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1396. H 10 evident timt thediffmnce is 
not due to specific gravity^, for though hydro- 

is the lowest, and therefore lower than oxy- 
gen, oxygen is much beneath nitrogen, or defi- 
ant gas; and carbonic acid gas, though consid- 
erably heavier than olefiant gas or muriatic 
acid gas, is lower than either. Oxygen as a 
heavy, and olefiant as a light gas, are in strong 
contrast with each other; and if we may reason 
of olefiant gas from Harris’ results with air 
(1365), then it might be rarefied to two-thirds 
its usual density, or to a specific gravity of 9.3 
(hydrogen being 1), and having neither the 
same density nor pressure as oxygen, would 
have equal insulating powers with it, or equal 
tendency to resist discharge. 

1397. Experiments have already been de- 
scribed (1291, 1292) which show that the gases 
are sensibly alike in their inductive capacity. 
This result is not in contradiction with the ex- 
istence of great differences in their restraining 
power. The same point has been observed al- 
ready in regard to dense and rare air (1375). 

1398. Hence arises a new argument proving 
that it cannot be mere pressure of the atmos- 
phere which prevents or governs discharge 
(1377, 1378), but a specific electric quality or 
relation of the gaseous medium. Hence also ad- 
ditional argument for the theory of molecular 
inductive action. 

1399. Other specific differences amongst the 
gases may be drawn from the preceding series 
of experiments, rough and hasty as they are. 
Thus tlie positive and negative series of mean 
intervals do not give the same differences. It 
has been already noticed that the negative 
numbers are lower than the positive (1393), 
but, besides that, the order of the positive and 
negative results is not the same. Thus, on com- 
paring the mean numbers (which represent for 
the present insulating tension), it appears that 
in air, liydiogen, carbonic acid, olefiant gas 
and muriatic acid, the tension rose higher when 
the smaller ball was made positive than when 
rendered negative, whilst in oxygen, nitrogen, 
and coal gas, the reverse was the case. Now 
though the numbers cannot be trusted as ex- 
act, and though air, oxygen, and nitrogen 
should probably be on the same side, yet some 
of the results, as, for instance, those with mu<* 
riatic acid, fully show a peculiar relation and 
difference amongst gases in this respect. This 
^ farther proved by making the interval in 
^ 0.8 of an inch whilst muriatic acid gas was 

the vessel^!; for on charging the sm^ balls 


s and S pofidtivdy, oS the discharge took 
through the air; but on charging them nega^ 
tively, all the discharge took place throu^ ^6 
muriaHc add gas. 

1400. So also, when the conductor n was con- 
nected only with the muriatic acid gas appa- 
ratus, it was found that the discharge was more 
facile when the small ball s was negative than 
when positive; for in the latter case, much of 
the electricity passed off as brush discharge 
through the air from the connecting wire p; 
but in the former case, it all seemed to go 
through the munatic acid. 

1401. The consideration, however, of posi- 
tive and negative discharge across air and oth- 
er gases will be resumed in the further part of 
this, or in the next paper (1465, 1525). 

1402. Here for the present I must leave this 
part of the subject, which had for its object 
only to observe how far gases agreed or dif- 
fer^ as to their power of retaining a charge on 
bodies acting by induction through them. All 
the results conspire to show that induction is 
an action of contiguous molecules (1295, ^c.); 
but besides confirming this, the first principle 
placed for proof in the present inquiry, they 
greatly assist in developing the specific prop- 
erties of each gaseous dielectric, at the same 
time showing that further and extensive ex- 
perimental investigation is necessary, and hold- 
ing out the promise of new discovery as the re- 
ward of the labour required. 

1403. When we pass from the consideration 
of dielectrics like the gases to that of bodies 
having the liquid and solid condition, then our 
reasonings in the present state of the subject 
assume much more of the character of mere 
supposition. Still I do not perceive anything 
adverse to the theory, in the phenomena which 
such bodies present. If we take three insulating 
dielectrics, as air, oil of turpentine, and shellac, 
and use the same balls or conductors at the 
same intervals in these three substances, in- 
creasing the intensity of the induction until 
discharge take place, we shall find that it must 
be raised much higher in the fluid than for the 
gas, and higher still in the solid than for the 
fluid. Nor is this inconsistent with the theory; 
for with the liquid, thou^ its molecules aiw 
free to move almost as easily as those of tine 
gas, there are many more particles introduced 
into the given interval; a^ such is also tiiii 
case wh^ the solid body is employed. Beddes 
that with the Solid, the cohesive force d the 
body used will produce some effect; tts thmi|^ 
the production of the polarised states w 





isBd m be :dl)Blhieteft| bot^ 
bn; tbe e<»itmi 7 , may in some Oases be even 
&VOQred (i1.§4, 1344) by its solidity or other 
^cumstances, yet solidity may weU exert an 
on tte point of final subversion (just 
S6 it,|meyentB discharge in an electrolyte), and 
bo enatde inductive intensity to rise to a much 
higher degree. 

1404* In the oases of solids and liquids too, 
bocSes may, and most probably do, possess spe- 
dfie differences as to their ability of assuming 
the polarised state, and also as to the extent to 
which that polarity must rise before discharge 
occurs. An analogous difference exists in the 
e^^fic inductive capacities already pointed 
out in a few substances (1278) in the last pa- 
per. Such a difference might even account fi»r 
rim various degrees of insulating and conduct- 
mg..power possesseii by different bodies, and, 
if it riiould be foimd to exist, would add further 
strength to the argument in favour of the mo- 
teeul^ theory of inductive action. 

14D5. Having considered these various cases 
of sustained insulation in non-conducting di- 
rieetrics up to the highest point which they 
can attfun, we find that they terminate at last 
hi disruptive diediarge; the peculiar condition 
of the molecules of the didoctric which was 
nJecessory to the continuous induction, being 
equally essential to the occurrence of that ef- 
fect which closes all the phenomena. This dis- 
riiarge is not only in its appearance and condi- 
tion different to the former modes by which 
the bwering of the powers was effected (1320, 
1343), but, whilst really the^same in principle, 
varies much from itself in certain cWacters, 
and thus presents us with the forms of spark, 
bhah, and glow (1359). I will first consider the 
^orib^ limiting it for the present to the case of 
Recharge between two opporitely dectrified 
conducting surfaces. 

Tks Slectrie Spark or Flash 

14©6. Tbe spark is consequent upon a dm- 
dmrge or. lowering of the polarised inductive 
iinte of many dideeiric particles, by a partic- 
sissi abtioii (ff a few of ^ particles occupying 
nyoiyiaiiaffandlimileds^ 
pobrised pbrrieies returning to their first or 
\bwmd in riie mverse order in which 

it, and nniring thdr powers mean* 

a s to pioduee^ or ratl^ to continue (1417— » 
) the dischs^ effedt in^fhe place where 
'An subvwsioa of force first oocur^. My im- 
few pastioles rituated where 


dbriiargecbcxini aibnwr simieiy 
but assume a peouliar’ states a extited 
condition for the time^ Le., have thrown v^pm- 
them all the surrounding forces in euccessioh> 
and rising up to a proportionate intensity of 
condition, perhaps equd to that of chemically 
combining atoms, discharge the powers, pos- 
sibly in the same manner as they do theirs, by 
some operation at present urdmown to us; and 
so the end of the whole. The ultimate effect is 
exactly as if a metallic wire had been put into 
the place of the discharging particles; and it 
does not seem impossible that the principles of 
action in bqt^.ca8e8, may, hereafter, prove to. 
be the same. ! 

1407. The path of the spark, or of the dis- 
charge, depends on the degree of tension ac* 
quir^ by the particles in the line of discharge, 
circumstances, which in every common 

are very evident and by the theory easy toW- 
derstand, rendering it higher in them than in 
their neighbours, and, by exalting them first 
to the requisite condition, causing them to de- 
termine the course of the discharge. Hence the 
selection of the path, and the solution of the 
wonder which Harris has so well described^ as 
existing under the old theory. All is prepat^ 
amongst the molecules beforehand, by the piri- 
or induction, for the path either of the electric 
spark or of lightning itself. 

1408. The same ^fficulty is expressed as a 
principle by Nobili for voltaic electricity, al- 
most in Mr. Harris’s words, namely,^ '*elec- 
tricity directs itself towards the point where it 
can most easily discharge itself,” and the re- 
sults of this as a principle he has well wrought 
out for the case of voltaic currents. But the 
solution of the difficulty, or the proximate cause 
of the effects, is the same; induction brings the 
particles up to or towards a certain degree of 
tension (1370) ; and by those which first attain 
it, is the discharge first and most efficiently 
performed. 

1409. The momenLof discharge is probably 
determined by that molecule of the dielectric 
whidb, from the circumstances, has its tension 
most quickly raised up to the maximum inten- 
sity. In ril cases whwe the discharge passes 
&om conductor to conductor this molecule 
must be on the surface of one of them; but 
wlmn it passes between a conductor and a son- 
condiiGtor» it is, perhaps, sot always so (14^). 
When this partk^iiafl acqmrod its maddsuirn 
tension, then Ihe irixole be^er of resiata^ceis 
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acMoa cdi^ti^g at it» and disruptive dis* 
chaiffi occurs (1S7Q): aad such ,aa mfcaemse, 
drawn aa it is from the theory, seems to me 
in accordance with Mr. Hairis’ facts and 
conclusions respecting the resistance of the 
atmosphere, namely, that it is not really 
greater at any one discharging distance than 
another.^ 

1410. It seems {srohable that the tensiop of a 
particle of the same dielectric, as air, which is 
requisite to produce discharge, is a eonatoni 
quarUUy, whatever the shape of the part of the 
conductor with which it is in contact, whether 
ball or point; whatever the thickness or depth 
of dielectric throughout which induction is ex- 
erted; perhaps, even, whatever the state, as to 
rarefaction or condensation of the dielectric; 
and whatever the nature of the conductor, good 
or bad, with which the particle is for the mo- 
ment associated. In saying so much, I do not 
mean to exclude small differences which may 
be caused by the reaction of neighbouring par- 
ticles on the deciding particle, and indeed, it is 
evident that the intensity required in a parti- 
cle must be related to the condition of those 
which are contiguous. But if the expectation 
should be found to approximate to truth, what 
a generality of character it presents! and, in 
the definiteness of the power possessed by a 
particular molecule, may we not hope to find 
an immediate relation to the force which, being 
electrical, is equally definite and constitutes 
chemical affinity? 

1411. Theoretically it would seem that, at 

the moment of discharge by the spark in one 
line of inductive force, not merely would all 
the other lines throw their forces into this one 
(1406), but the latersd effect, equivalent to a 
repulirion of tiiese lines (1224, 1297), would be 
relieved and, perhaps, followed by a contrary 
action, amounting to a collapse or attraction of 
these parts. Having long sought for some trapsr 
verse force in statical electricity, which should 
be the equivalmit to magnetism or the trans- 
verse force of current electricity, and oonctiv- 
ing that it mighit be connected with tiie trans- 
verse action the lines pf inductive force al- 
ready ileecribed (1297), I was desirous, by vap 
rioua experiments, of brin^g out the ^ect of 
such a force, end making it wX upon the phe- 
n<miena cl deetro-magnetism megn^ 

dectricity.^ . 

this less* 


soiK^ for the mutual affectioini^ m evw 
lateral coalition of two similar spa^, if th^ 
could be obtained simultaneously side by 
and sufficiently near to each other. For thia 
purpose, two similar Leyden jars were suppU^ 
with rods of copper projecting from their bafti 
in a horizontal direction, the rods being about 
0J2 of an mch thick, and rounded at the 
The jars were piao^ upon a sheet of tinlbiji, 
and BO adjusted that their rods, a and h, were 
near together, in the position represented in 
plan (PI. X, Fig, £) : c and d were two brass 
balls connected by a brass rod and insulated^e 
was also a brass ball connected, by a wire, with 
the ground and with the tinfoil upon whi^ th^ 
Leyden jars were placed. By laying an insubi- 
ed metal rod across from a to &, charging the 
jars, and renmving the rod, both the jars could 
be brought up to the same intensity of charge 
(1370). Then, making the ball e appro^h the 
ball d, at the moment the spark passed thisre, 
two sparks passed between the rods n, a, and 
the ball c; and as far as the eye could judge, or 
the conditions determine, they were simultar 
neous. 

1413. Under these circumstances two modes 
of dischai'ge took place; either each end had itp 
own particular spark to the ball, or else one 
end only was associated by a spark with the 
ball, but was at the same time related to the 
other end by a spark between the two. 

1414. When the ball c was about an indh ht 

diameter, the ends n and a, about half an inch 
from it, and about 0.4 of an inch from each 
other, the two sparks to the ball could be ob^ 
tained. When for the purpose of bringing the 
sparks nearer together, the ends, n and o, were 
Imugbt closer to each other, then^ unless vetf 
carefully adjusted, (mly one end had a spark 
with the ball, the other having a spark to it; 
and the least variation of position would mm. 
either n or o to be the end which, giving the dir 
rect spark tq the ball, was also the one ^oue^i 
or by means of which, the other discharged its. 
dectrimty^ , . 

1415. On making the ball c smaller, I fomi# ' 
that then itwsw needful to make the interval 
between the ends n and q larger in propoiti^ 
to tile distance between them and the 

On making e larg^, 1 femnd I could dhnll^; 
the mterm, and so bring the two 
neous ssfaaaie sparka closer toge^Mr^WlA^ 
at last, the distance betwe^ ik&ax no# 
more nt the widest part than 0.5 q| their whob 
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eouree whieh <wou}d not tithertr^ have 
taken. 
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1416^ Niifiimrak^sparbs wereth^ 
mieMty observed. They were very rarely 
straight^ but either curved or b^t irregularly. 
In Ihe av^age of cases they were, I think, de- 
ddedly <5onvex towards each other; perhaps 
two-<^ds presented more or less of this effect, 
iSte rest bulging more or less outwards. I was 
able, however, to obtain sparks which, 
separately leaving the ends of the wires n and 
c, conjoined into one spark before they reached 
or communicated with the ball c. At present, 
therefore, though I think I saw a tend^cy 
in the sparks to unite, I cannot assert it as a 
fact. 

1417. But there is one very interesting effect 
here, analogous to, and it may be in part the 
same with, that I was searching for: I mean the 
increased facility of discharge where the spark 
passes. For instance, in the cases where one 
end, as n, discharged the electricity of both 
ends to the ball c (PL XII, Fig. 2)^ the electric- 
ity of the other end o, had to pass through an 
interval of air 1.5 times as great as that which 
it might have taken, by its direct passage be- 
tween the end and the ball itself. In such cases, 
the eye could not distinguish, even by the use 
of Wheatstone’s means, ^ that the spark from 
the end n, which contained both portions of 
dectricity, was a double spark. It could not 
have consisted of two sparks taking separate 
courses, for such an ^ect would have been 
visible to the eye; but it is just possible, that 
the spark of the first end n and its jar, passing 
at the smallest int^al of time before that of 
the other o, had heated and expanded the air 
in its course, and made it so much more favour- 
able to dischaige, that the electricity of the 
end 0 preferred leaping across to it and taking 
a very circuitous route, rather than the more 
iUreot one to the ball. It must, however, be re- 
marked, in answer to this supposition, that the 
oneBpark between d and e would, by its influ- 
enee, tend to produce simultaneous discharges 
at n and o, and certainly did so, when no 
preponderance was given to one wire over 
the other, as to the previous inductive effect 
(1414). 

1418. The fact, however, is that disruptive 
discharge is favourable to itself* It is at the 
oul^ a case of tottering equilibrium: and 

be an dement in discharge, in how- 
ever minute a proportion (1436), then the 
drnimencemmit of the act at any point fa- 
VtnsuB its continuance and increase there, and 
p^oufi nf power will be discharged by a 

tmUmpMeai Tramadioni, 1834, pp. 584, 585. 


1410. The mere heating and expanedon of the 
air itself by the first portion of electricity which 
passes, must have a great influence in produc- 
ing this result. 

1420. As to the result itself, we see its effect 
in every electric spark; for it is not the whole 
quantity which passes that determines the dis- 
charge, but merely that small portion of force 
which brings the deciding molecule (1370) up 
to its maximum tension; then, when its forces 
are subverted and discharge begins, all the rest 
passes by the same course, from the influence 
of the favouring circumstances just referr^ to; 
and whether it be the electricity on a square 
inch, or a thousand square inches of charged 
glass, the discharge is complete. Hereafter we 
shall find the influence of this effect in thcaor- 
mation of brushes (1435) ; and it is not impos- 
sible that we may trace it producing the jagged 
spark and the forked lightning. 

1421. The characters of the electric spark in 
different gases vary, and the variation may be 
due simply to the effect of the heat evolved at 
the moment. But it may also be due to that 
specific relation of the particles and the elec- 
tric forces which I have assumed as the basis 
of a theory of induction ; the facts do not op- 
pose such a view; and in that view the varia- 
tion strengthens the argument for molecular 
action, as it would seem to show the influence 
of the latter in every part of the electrical ef- 
fect (1423, 1454). 

1422. The appearances of the sparks in dif- 
ferent gases have often been observed and re- 
corded,^ but I think it not out of place to notice 
briefly the following results; they were ob- 
tained with bails of brass (platina surfaces 
would have been better), and at common pres- 
sures. In air, the sparks have that intense light 
and bluish colour which are so well known, and 
often have faint or dark parts in their course, 
when the quantity of electricity passing is not 
great. In nitrogen^ they are very beautiful, hav- 
ing the same general appearance as in air, but 
have decidedly more colour of a bluish or purple 
character, and I thought were remarkably so- 
norous. In oxygen^ the sparks were whiter than 
in air or nitrogen, and 1 think not so brilliant. 
In hydrogen^ they had a very fine crimson col- 
our, not due to its rarity, for the character 

* See Van Marum's description of the Teylerian 
machine, Vol. I, p. 112, and Vol. II, p. 196; also ^n- 
t^opcBdia Britannica |7th edition], Vol* VI, Article 
SUetrieUy, pp. 505, 507. 
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passed e.'way as the atmosphere was vaiefied 
(1459).* Very little sound was produced in this 
gas; but that is'a consequence of its physical 
condition.* In <iaxhon%c acid ^os, the colour was 
similar to that of the spark in air, but with a 
little green in it: the sparks were remarkably 
irregular in fonU) more so than in common air: 
they could also, under similar circumstances as 
to size of ball, ^c., be obtained much longer 
than in air, the gas showing a singular readmess 
to cause the discharge in the form of spark. In 
muriaiic add gaSf the spark was nearly white: 
it was always bright throughout, never pre- 
senting those dark parts which happen in air, 
nitrogen, and some other gases. The gas was 
dry, and during the whole experiment the sur- 
face of the glass globe within remained quite 
dry and bright. In coal gaa^ the spark was some- 
times green, sometimes red, and occasionally 
one part was green and another red: black 
parts also occur very suddenly in the line of 
the spark, i.e., they are not connected by any 
dull part with bright portions, but the two 
seem to join directly one with the other. 

1423. These varieties of character impress 
my mind with a feeling, that they are due to a 
direct relation of the electric powers to the 
particles of the dielectric through which the 
discharge occurs, and are not the mere results 
of a casual ignition or a secondary kind of 
action of the electricity, upon the particles 
which it finds in its course and thrusts aside in 
its passage (1454). 

1424. The spark may be obtained in media 
which are far denser than air, as in oil of tur- 
pentine, olive oil, resin, glass, &c.: it may also 
be obtained in bodies which being denser like- 
wise approximate to the condition of conduc- 
tors, as spermaceti, water, &c. But in these 
cases, nothing occurs which, as far as 1 can 
perceive, is at all hostile to the general views I 
have endeavoured to advocate. 

The Electric Brush 

1425. The brush is the next form of disrup- 
tive discharge which I shall consider. There are 
many wa 3 rB of obtaining it, or rather of exali^ 
ing its characters; and all these ways illustrate 
the principles upon which it is produced. If an 
insulated conductor, connected with the pori- 
tivB conductor of an electrical machine, have a 
metal rod 0.3 of an inch in diameter projecting 
from it outwards from the machine, and term- 

, ^ Van Mamm saya they aro about four times as 
large in l^rogen as in air, Vol. I, p. 122. 
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mating by a rounded end or a small bsli, it trill 
generally give good bnu^es; or, if the ma^iaei 
be not in good action, then many ways 
sisting the formation of the bru^ can 1 m. re* 
sorted to ; thus, the hand or any large conductii;^ 
surface may be approached towards the term- 
ination to increase inductive force (1374): or 
the termination may be smaller and of badly 
conducting matter, as wood: or sparks may 1 m 
taken between the prime conductor of the ma- 
chine and the secondary conductor to whidi 
the termination giving brushes belonp: or^ 
which gives to the brushes exceedingly fine 
characters and great magnitude, the air around 
the termination may be rarefied more or teas, 
either by heat or the air-pump; the former 
favourable circumstances being also continued. 

1426. The brush when obtained by a power* 
ful macliine on a ball about 0.7 of an ineh in 
diameter, at the end of a long brass rod at- 
tached to the positive prime conductor, had 
the general appearance as to form represented 
in PI. X, Fig. S: a short conical bri^t part or 
root appeared at the middle part of the hall 
projecting directly from it, which at a little 
distance from the ball, broke out suddenly into 
a wide brush of pale ramifications having a 
quivering motion, and being accompanied at 
the same time with a low dull chattering sound. 

1427. At first the brush seems continuous, 
but Professor Wheatstone has shown that the 
whole phenomenon consists of successive in- 
termitting discharges.’ If the eye be passed 
rapidly, not by a motion of the head, but of 
the eyeball itself, across the direction of the 
brush, by first looking steadfastly about 10® of 
15® alMve, and then instantly as much bdow 
it, the general brush will be resolved into a 
number of individual brushes, standing in a 
row upon the line which the eye paired OYwr; 
each elementary brush being the result of a 
single discharge, and the space between fjiem 
representing both the time during which the 
eye was passing over that space, and that which 
elapsed between one discharge and another, 

1428. The single brushes could easily be sep* 
arated to eight or ten times their own wid&i 
but were not at the same time extended) 
they did not become more indefinite in 

but, on the contrary, less so, each being 
distinct in form, raii^cation, and obaraeter^ 
because of its separation from the others^ in 
^ects upon the eye. Each, thereftire, in- 
stantaneous in its existence (1436), Esdi had 
the comoal root complete (1426). . . 

THtnsaeHamh IfiM, p, fiM 
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and tile eound, thou|^ 
iMdceTf wxm ecKatmuous. On lesolviiiig 4^6 
Ixnitii into its elementary parts, as before, 
tiUNse were found to occur at mudb shorter in^ 
iervais of time than in the former case, but 
tiie discharge was intermitting. 

. 1430. Emplo 3 ring a wire with a round mid, 
tbe brudi was still smaller, but, as before, sep- 
arable into successive discharges. The sound, 
though feebler, was higher in pitch, bmng a 
dkitinct musical note. 

1431. The sound is, in fact due to the recur- 
ience of tiie noise of each separate discharge, 
and these, happening at intervals nearly equal 
under ordinary circumstances, cause a definite 
imte to be beard, which, rising in pitch with 
the increased rapidity and regularity of the 
intmmitting discharges, gives a ready and ac- 
etoiite measure of the intervals, and so may be 
tuied m any case when the discharge is heard, 
even tiiou^ the appearances may not be seen, 
tq determine the element of time. So when, by 
bringing the hand towards a projecting rod or 
biaill, the pitch of the tone produced by a brushy 
<fi»dbarge increases, the ^ect informs us that 
we have increased the induction (1374), and 
by titat means increased the rapidity of the 
ftitemations of charge and discharge. 

1432. By using wires with finer terminations, 
smaller brushes were obtained, until they could 
hardly be distinguished as brushes; but as long 
to sound was heard, the discharge could be 
toOWtained by the eye to be intermitting; and 
when the sound cea^, the li^t became con- 
Imuous as a glow (1359, 14Q5, 1526 — 1543). 
^1483. To ^ose not accustomed to use the 
eye m the manneip I have described, or, in cases 
whwe the recurrence is too quick for any un- 
SWAated eye, the beautiful revolving mirror of 
Itefestor l^Vlieatstone^ will be useful for such 
: ilevdoimients of condition as those mentioned 

Another excellent process is to produce 
, tiw brush or other luminous phenomenon on 
the end of a rod hdd in the hand opposite to a 
powtive or negative conductor, and 
move, the rod rapidly from side to side 
wUiiiA tiie i^e remains still. The successive difr^ 
dhaiges occur of eourse m different places, and 
tiae atste of tilings before, at, and after a single 
ooiuscation or hmA eSn be exceedingly wdl 

;^:^;i434. Tim 5fusA hf in reality a discha^ be^ 
ahad or a noaioondu^r and ei^er a 
OOMUOtov or ahbibar ium<oonductor. Under 
^ SVoiiiasM^ 


to take place in something Mke the following 
manner. When the mid of an electrified rod 
projects into the middle of a room, induction 
takes place between it and the walls of the 
room, across the dielectric, air; and the lines of 
inductive force accumulate upon the end in 
greater quantity than elsewhere, or the parti- 
cles of air at the end of the rod are more Ughly 
polarized than those at any other part of tiie 
rod, for the reasons already given (1374). The 
particles of air situated in sections across these 
lines of force are least polarized in the sections 
towards the walls and most polarized m those 
nearer to tfie^end of the wires (1369) : mus, it 
may well happen, that a particle at the Imd of 
the wire is at a tension that will immedmtely 
terminate in discharge, whilst in those \evmi 
only a few inches off, the tension is still be- 
neath that point. But suppose the rod to be 
charged positively, a particle of air A (PI; X, 
Fig. 4)f next it, being polarized, and having of 
course its negative force directed towards the 
rod and its positive force outwards; the instant 
that discharge takes place between the positive 
force of the particle of the rod opposite the air 
and the negative force of the particle of air 
towards the rod, the whole particle of air In- 
comes positively electrified ; and when, the next 
instant, the discharged part of the rod resumes 
its positive state by conduction from the sur- 
face of metal behind, it not only acts on the 
particles beyond A, by throwing A into a polar- 
ized state again, Imt A itself, because of its 
charged state, exerts a distinct inductive act 
toward these further particles, and the tension 
is consequently so much exalted between A 
and B, that discharge takes place there also, as 
well as again between the metal and A. 

1435. In addition to this effect, it has bemi 
shown that, the act of discharge having once 
commenced, the whole opm*ation, like a case of 
unstable equilibrium, is hastened to a omiclu- 
sion (1370, 1418), tiie rest of the act being 
facilitated in its ocoarrence, and other efeetri- 
mty tiian that which caused the first necessary 
tension hurrying to the spot. When^ therefme, 
disruptive discharge has once commenced at 
the root of a brutii, the eleotric, force which has 
been accumulating in the conductor a^tadied 
to the rod finds a more ready (fisefaarge there 
than elsewhere, and will at once follow, the 
course marked out as it were for it, thus leaving 
tiie conductor in a par^y dbcharg^ 
and the .air about tiie and of^ the ^ 
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restorNf the fuB iHaa^ot tiie ecmdfuttor, and 
^ dispersion of tiie eliarged air in a greater 
or fflnaUer degree, by the joint forces erf repul- 
sion from the conductor and attraction towards 
the walls of the room, to which its inductive 
action is directed, is just that time which forms 
the interval between brush and brush (1420, 
1427, 1431, 1447). 

1436. The wor^ of this description are long, 
but there is nothing in the act or the forces on 
which it depends to prevent the discharge be^ 
ing as far as we can estimate 

and measure it. The consideration of time is, 
however, important in several points of view 
(1418), and in reference to disruptive discharge, 
it seemed from theory far more probable tlmt 
it might be detected in a brush than in a spark; 
for in a brush, the particles in the line through 
which the discharge passes are iii very different 
states as to intensity, and the discharge is al- 
ready complete in its act at the root of the 
brush, before the particles at the extremity of 
the ramifications have yet attained their max- 
imum intensity. 

1437* 1 consider brush discharge as probably 
a successive effect in this way. Discharge b^ 
pns at the root (1426, 1553), and, extending 
itself in succession to all parts of the single 
brush, continues to go on at the root and the 
previously formed parts until the whole brush 
is complete; then, by the fall in intensity and 
power at the conductor, it ceases at once in 
all parts, to be renewed, when that power has 
risen again to a sufficient degree. But in a 
sparky the particles in the line of discharge 
being, from the circumstances, nearly alike in 
their intensity of polarization, suffer discharge 
so nearly at the same moment as to make the 
time quite insensible to us. 

1438. Mr. Wheatstone has already made ex- 
periments which fully illustrate this point. He 
found that the brush generally had a sensible 
duration, but that with his highest capabilities 
he could not detect any such effect in thespark.^ 
1 repeated fak experiment on the brush, t^gh 
with more imper^t means, to ascertain whe&- 
er I could distinguish a longer duration in the 
stem or root of tine brush than in the extremi- 
ties, and the appearanees were sudh as to make 
me tiiink an . tiffect of this kind was producedL 

1^. That tiiedkcharge breaks into aevmrsi 
ramificati<ms, and by thoki passes thrmi^ti^ por- 
tioQs.of itir alike, nearly alike, as to pobensa- 

tion d^ee pt tentiem the paitielee 

4p9aiieisitkn$^ !l836f 5 86 , 580. 
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the previous state of add ia.tW tolae 
expected ihasE that toe dktocu'ge should 
tinue to: go straight out into space in a 
line amongst those particles which, b^g at a 
dktanee from the end of the rod, are in a lower 
state of tention than those which are near: and 
whilst we cannot but conclude, that those parte 
where the branches of a sini^e brush appear, 
are more favourably circumstanced for dis^ 
charge than the darker parts between the rami*^ 
fications, we may also conclude, that in topee 
parts where the light of concomitant discharge 
is equal, there the circumstances are nearly 
equal also. The single successive brushes are 
by no means of the same particular shape even 
when they are obsmved without displacement 
of the rod or surrounding objects (1427, 1433)^ 
and the successive discharges may be consid- 
ered as taking place into the mass of air around, 
through different roads at each brush, accord- 
ing as minute circumstances, such as dust, dec« 
(1391, 1392), may have favoured the course by 
one set of particles rather than another. 

1440. Brush discharge does not essentially 

require any current of the medium in which 
the brush appears: the current almost alwfiyn 
occurs, but is a consequence of the brush, and 
will be considered hereafter (1562 — 1610). On 
hdding a blunt point positively chai^^ed, 
towards uninsulated water, a star or glow ap- 
peared on the point, a current of air pass^, 
from it, and the surface of the water was de- 
pressed; but on bringing the point so near ttiat. 
sonorous brushes passed, then the current of 
air instantly ceased, and the surface of thp 
water became level. I 

1441. The discharge by a bruto is not to aB 
the particles of air that are near the eiectri^ed 
conductor from which the brush issues; only 
those parts where the ramifications pass are 
diectrified : the air in toe central darii: parts be-^ 
tween them receives no charge, and, in fact, at 
the time of discharge, has its electric and 
ductive tension considsrably lowered. For 
eider Fig. 128 to repres^t a sin^ positive 
brush; the induction before the discharge ^ 
from toe ^d of the rod outwards, in div^i^ 
lines towards the dktant conductom, ae 
walk of toe room, dEC.,,anri a partidk ate^lw 
polarity a certain degree of tento^nslp 
t^ids witk a certain force to 

but at toC' moment of discharge, 
mmffieatome 5 and d, acquimg |4sd 
state, 4^gmses its influence to ikdt 

tive co^uetof on a, and toe teS^^ 
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ttktii^foredb^ tlian discharge (1370, 1420). Hence the form we see 


Increased. The charged particles at h and d are 
now inductive bodies, but thdr Imes of induc- 
tiveaction are still outwards towards the walls 
of Ike room; the direction of the polarity and 
the tendency of other particles to charge from 
these, being governed by, or in conformity with, 
titese lines of force. 

1442. The particles that are charged are 
probably v^ highly charged, but, the me- 
dium being a non-conductor, they cannot com- 
municate that state to their neighbours. They 
travel, therefore, under the influence of the re- 
pulsive and attractive forces, from the charged 
conductor towards the nearest uninsulated 
conductor, or the nearest body in a different 
state to themselves, just as charged particles of 
dust would travel, and are then discharged; 
each particle acting, in its course, as a centre 
of mductive force upon any bodies near which 
it may come. The travelling of these charged 
particles when they are numerous, causes wind 
and currents, but these will come into consid- 
eration under carrying discharge (1319, 1562, 
&c.). 

1443. When air is said to be electrified, and 
it frequently assumes this state near electrical 
machines, it consists, according to my view, of 
a mixture of electrified and unelectrified parti- 
cles, the latter being in very large proportion 
to the former. When we gather electricity from 
air, by a flame or by wires, it is either by the 
ac^al discharge of these particles, or by effects 
dependent on their inductive action, a case of 
either kind being producible at pleasure. That 
the law of equality between the two forces or 
forms of force in inductive afetion is as strictly 
p^ea&rred in these as in other cases, is fully 
Atown by the fact, formerly stated (1173, 
1174), that, however strongly air in a vessel 
ml^t be charged positively, there was an ex- 
actiy eqmd amount of negative force on the 
inner surface of the vessel itself, for no residual 
pmtion of either the one or the other electricity 
could be obtained. 

1444.1 hate nowhere said, nor does it follow, 
that the air is dbarged only where the luminous 
brudi appears. The charging may extend be- 
yond those pmie Which are visiUe, i.e., particles 
to the ti^t or left of the lines of light may re- 
ceive ^ectridty, the parts which are luminous 
being so only b^use much electricity is pass- 
11% % them to otbm^ parts (1437) ; just as in a 

£ discharge the lij^t is jpeater as more 
9% passes, thoi^ ft 1^ no necessary 
n to the quantity required to commence 


in a brush may by no means represent the 
whole quantity of air electrified; for an invisi- 
ble portion, clothing the invisible form to a 
certain depth, may, at the same time, receive 
its charge (1552). 

1445. Several effects which I have met with 
in muriatic acid gas tend to make me believe 
that that gaseous body allows of a dark dis- 
charge. At the same time, it is quite dear 
from theory, that in some gases, the reverse of 
this may occur, i.e., that the charging of the air 
may not extend even so far as the light. We do 
not know as yet enough of the electric light to 
be able to state on what it depends, and it is 
very possible that, when electricity bursts forth 
into air, all the particles of which are in aWtate 
of tension, light may be evolved by suck as, 
being very near to, are not of, those ^lich 
actually receive a charge at the time. \ 

1446. The farther a brush extends in a gas, 
the farther no doubt is the charge or discharge 
carried forward; but this may vary between 
different gases, and yet the intensity required 
for the first moment of discharge not vary in 
the same, but in some other proportion. Thus 
with respect to nitrogen and muriatic acid 
gases, the former, as far as my experiments 
have proceeded, produces far finer and larger 
brushes than the latter (1458, 1462), but the 
intensity required to commence discharge is 
much higher for the muriatic acid than the 
nitrogen (1395). Here again, therefore, as in 
matiy other qualities, specific differences are 
presented by different gaseous dielectrics, and 
so prove the special relation of the latter to the 
act and the phenomena of induction. 

1447. To sum up these considerations re- 
specting the character and condition of the 
brush, I may state that it is a spark to air; a 
diffusion of electric force to matter, not by 
conduction, but disruptive discharge, a dilute 
spark which, passing to very badly conducting 
matter, frequently discharges but a small por- 
tion of the power stored up in the conductor; 
for as the air charged reacts on the conductor, 
whilst the conductor, by loss of electricity, 
sinks in its force (1435), the discharge quickly 
ceases, until by the dispersion of the charged 
air and the renewal of tho excited conditions ci 
the conductor, circumstances have risen up to 
tiieir first effective condition, again to cause 
discharge, and again to fall and rise. 

1448. brush and spark gradually 
into one another. Making a small bail positive 
by a good electrical mad^e with a lar^ pdme 
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ooadttetQO*, and approaching a large uiunsulat^ 
ed dtschar^ng baU towards it, very beautiful 
variations from the spark to tl:^ brush may be 
obtaiiPed. The drawings of long and powerful 
fi^arka, given by Van Marum,^ Harris and 
others,^ also indicate the same phenomena. As 
far as I have observed, whenever the spark has 
been brushy in air of common pressures, the 
whole of the electricity has not been dis- 
charged, but only portions of it, more or less 
according to circumstances; whereas, whenever 
the effect has been a distinct spark through- 
out the whole of its course, the discharge has 
been perfect, provided no interruption had 
been made to it elsewhere, in the discharging 
circuit, than where the spark occurred. 

1449. When an electrical brush from an inch 
to six inches in length or more is issuing into 
free air, it has the form given (PI. X, Fig. S). 
But if the hand, a ball, or any knobbed con- 
ductor be brought near, the extremities of the 
coruscations turn towards it and each other, 
and the whole assumes various forms accord- 
ing to circumstances, as in PI. X, Figs. 6, 
and 7. The influence of the circumstances in 
each case is easily traced, and I might describe 
it here, but that I should be asham^ to occupy 
the time of the Society in things so evident. 
But how beautifully does the curvature of the 
ramifications illustrate the curved form of the 
lines of inductive force existing previous to the 
discharge! for the former are consequences of 
the latter, and take their course, in each dis- 
charge, where the previous inductive tension 
had been raised to the proper degree. They 
represent these curves just as well as iron fil- 
ings represent magnetic curves, the visible 
effects in both cases being the consequences of 
the action of the forces in the places where the 
effects appear. The phenomena, therefore, con- 
stitute additional and powerful testimony 
(1216, 1230) to that aheady given in favour 
both oi induction through dielectrics in curved 
lines (1231), and of the lateral relation of these 
lines, by an effect equivalent to a repulsion 
producing divergence, or, as in the cases fig- 
ured, the bulging form. 

1460. In reference to the theory of molecular 
mductive action, I may also add, the proof 
deducible from the long brushy ramifying 
spark which may be obtained between a small 
ball on the positive conductor of an electrical 
machine, and a larger one at a distance (1448, 

J Description of theTeylerian msbhine, VoL 1, pp. 
as, 82; Vol H. p. 226, *e. 

* PJUlosopkieal TrcmaMm, 1834, p. 248* 


1504). What a ffsss ifiastm^kia that cspark af^ 
fords of the previous condition of all par^ 
cles of the dielectric between the surfaces ai 
discharge, and how unlike the appearances are 
to any which would be deduced from the the- 
ory which assumes inductive action to be ac- 
tion at a distance, in straight lines only; and 
charge, as being electricity retained upon the 
surface of conductors by the mere pressure of 
the atmosphere! 

1451. When the brush is obtained in rarefied 
air, the appearances vary greatly, according to 
circumstances, and are exceedingly beautiful. 
Sometimes a brush may be formed of only six 
or seven branches, these being broad and highly 
luminous, of a purple colour, and in some parts 
an inch or more apart: by a spark discharge at 
the prime conductor (1455) single brushes may 
be obtained at pleasure. Discharge in the form 
of a brush is favoured by rarefaction of the air, 
in the same manner and for the same re^on as 
discharge in the form of a spark (1375) ; but in 
every case there is previous induction and 
charge through the dielectric, and polarity of 
its particles (1437), the induction being, as in 
any other instance, alternately raised by the 
machine and lower^ by the discharge. In cer- 
tain experiments the rarefaction was increased 
to the utmost degree, and the opposed con- 
ducting surfaces brought as near together as 
possible without producing glow (1629): the 
brushes then contracted in their lateral dimen- 
sions, and recurred so rapidly as to form an 
apparently continuous arc of light from metal 
to metal. Still the discharge could be observed 
to intermit (1427), so that even under these 
high conditions, induction preceded each single 
brush, and the tense polarized condition of ^e 
contiguous particles was a necessary prepara- 
tion for the discharge itself. 

1452. The brush form of disruptive discharge 
may be obtained not only in air and gases, but 
also in much denser media. I procur^ it in oil 
of turpenline from the end of a wire ^ing 
through a glass tube into the fluid contained 
in a metal vessel. The brush was small and 
very diffieult to obtain; the ramifications were 
simple, and stretched out from each other, 
diverging v^y much. The light waa «ceedb 
ingly feeble, a perfectly dark room bring 
Qui^ forits observation. When a feweoBd paiv 
tides, as of dust or silk, were in the liquid^ the 
brush was produced with much greater 

1453. The running together or ocyescence 
of different lines of discharge <1413) is very 





i&ovm in ^ bmah in: air. t)m 
96 ii^ Mia 3 F;frai 6 iit a Uttfe difilcul^ to tiboae 
up'ho m liot aecn^ to dee in evefy dis* 
an eqpal exertion of power in oppofdte 
a positive hriish bdng consi<tored 
jneb (perhaps in consequence of the com- 
nsoo pfara^ diredion of a current) as indicatihg 
a bmddng forth in different directions of the 
miginal force, rather than a tendency to con* 
vergenee and union in one line of passage. But 
piB <»*dinary case of the brush may com* 
paredy for its illuskation, with that in which, 
by holding the knuckle opposite to highly ex* 
dlted glass, a discharge occurs, the ramifica- 
tions of a brush then leading from the glass and 
converging into a spark on the knuckle. Though 
a difficult experiment to make, it is possible to 
obtain discharge between highly excited shel- 
lac and the excited glass of a machine: when 
tfaadischarge passes, it is, from the nature of the 
.dhiutged bodies, brui^ at each end and spark in 
the middle, b^utifully illustrating that ten- 
dency of discharge to facilitate like action, 
which I have described in a former page (1418). 

1454. The brush has epecifie characters in dif^- 
feicnt gases, indicating a rc^tion to the parti- 
des of these bodies even in a stronger degree 
than the spark (1422, 1423). This effect is in 
strong contrast with the non-variation caused 
by tihe use of different substances as conductors 
from which the brushes are to originate. Thus, 
tiring such bodies as wood, card, charcoal, ni- 
tre, ritric add, oxalic acid, oxide of lead, chlo- 
ride of lead, carbonate of potassa, potassafusa, 
Irtrong solution of potash, oil of vitriol, sulphur, 
sulphuret of antimony, and haematite, no va- 
riation in the character of tde brushes was ob- 
tained, except that (dependent upon their ef- 
Itd as better or worse conductors) of causing 
discharge with moreor less readiness and quick- 
ly from the machine.^ 

>r 1465. The following are a few of the effects I 
etiserved in differmit g^ at the positivriy 
S^Aiged sitffaces, and with atmospheres vary- 
mg in tiirir pitiBSure. The general ^ect of rare- 
was the same for all the gases: at first, 
^nnrke passed; these gradually were converted 
^to bnnhes, whii^ became larger and more 
dSetimt in tiiribr until, upon fu]> 

flier lax^setiim, be^pn to collapse 

, , and dsssdr in upcm eaieh other, ^ they formed 
acitws from c^ to C(^ucti»r: 

' ' « Ebceeption miiBt, of pouree, be made of those 
V Ipsee where the root of the bniah, beeomina a spark, 
'piilseB a little diffueion or even drisompoeitioa of the 
‘SMter there, and So gains more or lem of a partio- 
riW 'ooloor at that part. 


timn frir Iriterid 

glass cS the vessel from tim ednduotcens; 
became thick and soft in appearance, and were 
succeeded by the lull constant glow which oov^ 
ered the disduuip^ pheiMmienn 

varied with the rise of the vessel (1477), the 
degree of rarefaction, and the discha^ of eteo** 
tricity from the machine*. When the ktto was 
in successive sparks, they were most beautifiil, 
the effect of a spark from a small machine be- 
ing equal to, and often surpassbg, that pro- 
duced by the constant disch^ge of a fa^ more 
powerful one* 

1456. Air. Fine positive brushes are easily 

obtained in^ir at common pressures, and pos- 
sess the well-known purplish light. When the 
air is rarefied, the ramifications are veryuong, 
filling the globe (1477) ; the light is greatly in- 
creased, and is of a beautiful purple colour, 
with an occasional rose tint in it. ' \ 

1457. Oxygen. At common pressures, \bhe 
brush 18 very close and compressed, and of a 
dull whitish colour. In rarefied oxygen, the 
form and appearance are better, the colour 
somewhat purplish, but all the characters very 
poor compared to those in air. 

1458. NUrogen gives brushes with great fa- 
cility at the positive surface, far beyond any 
other gas I have tried: they are almost always 
fine in form, light, and colour, and in rarefied 
nitrogen are magnificent. They surpass the dis- 
charges in any other gas as to the quantity of 
light evolved. 

1459. Hydrogen^ at common pressures, gave 
a better brush than oxygen, but did not equal 
nitrogen; the colour was greenish gray. In rare- 
fied hydrogen, the ramifications were very fine 
in form and distinctness, but pale in colour, 
with a soft and velvety appearance, and not at 
ril equal to those in nitrogen. In the rarest 
state of the gas, the colour of the light was a 
pale gray green. 

1460. Cooi gas. The brushes were rather dif- 
ficult to produce, the contrast with nitrogen 
being great in tiiis respect. They were short 
and strong, generally of a greenish colour, and 
possessing much of the spark character: for, 
occurring on both the positive and. negative 
terminations, often when there was a di^k in- 
terval of someteagth between the two bnsriies, 
stili the quidc, sharp sound of the spark was 
produced, as the discharge had been sadden 
throu^ this and partaking, in that re- 
spect, of, the ehanuster of a spark In coal 
gas, the brorii fonns wem brtter, but 

very pocu* and the oriour^g^ 
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hnaA cot&moa premmR, a« 

^ or odoiir^ mi this is prob9,bly: cra- 

ned^ mtb the tendenoy wUdi this gos hsi to 
discharge the dectricjtty as a spark (14^). M 
farmed earbonio acid, the brush is better in 
form, but weak as to li^t» being of a dull green- 
ish or purpUsb hue^ varying with the pressure 
and other circumstances. 

14d2. Mvnat^ acid gof. It is very difficult to 
obtain the brush in t^ gas at common pres- 
sures. On giadually increasing the distance of 
the round^ ends, the sparks suddenly ceased 
when the int^al was about an inch, and the 
discharge, which was still through the gas in 
the globe, was silent and dark. Occasionally a 
very short brush could for a few moments be 
obtained, but it quickly disappeared. Even 
when the intermitting spark current (1455) 
from the machine was us^, still. I could only 
with difficulty obtain a brush, and that very 
short, though I used rods with rounded termi- 
nations (a^ut 0.25 of an inch in diameter) 
which had before given them most freely in air 
and nitrogen. During the time of this difficulty 
with the muriatic gas, magnificent brushes 
were passing off frcnn different parts of tbe mar 
chine into the surrounding air. On rarefying 
the gas, the formation of the brush was facili- 
tated, but it was generally of a low squat form, 
very poor in light, and very similar on both the 
positive and negative surfaces. On rarefying 
the gas still more, a few large ramifications were 
obtained of a pale bluish colour, utterly unlike 
those in nitrogen. 

1463. In all the gases, the different forms of 
disruptive discharge may be linked together 
and gradually traced from one extreme to the 
other, i.e. from the spark to the glow (1405, 
1526), or, it may be, to a still furth^ condition 
to be called dark discharge (1544-1560) ; but it 
is, nevertheless, very surprising to see what a 
specific character each keeps whilst under the 
predominance of the generd law* Thus, in mu- 
riatic acid, tbe brush is v^ difficult to obtain, 
and there comes in its place almost a dark dis- 
charge, partaking of the readiness of the spark 
action* Moreover, in muriatic arid, I b^ve 
fr observed the spark with any daik intervid 
m it. In nitrqgen, the spark readily changes its 
charaotor into that of brush* In carbonic arid 
gas, there seems to be a facility to oeoarion 
spark. discharge, whilst yet that gas jb>iipfike 
lutrogep in ^ facility of the latter to lorm 
)imlike muriatic arid in its own fa? 


eility tp oootwie (hespaik* These difforentsse 
add ftirtte foi^ iBistio obeervat^^ 
ready made respecting the spark in vario^ 
gasM (1422, 1423), and then, to the proofs 
duciUe from it, of the rriation of the rieotricsd 
forces to the prides of matter* 

1464. The. peculiar charaetete of nitrogrii in 
rriation to Ike deotric discharge (1422, 145S) 
must, evidently, have an important influence . 
over the form even the occurrence of l^ht 
ning. Being that gas wbirii most readily prfh 
duces coruBcatioDB, and, by them, extends <&- 
dbarge to a greater distance than any other gas 
tried, it is also that which constitutes fpmv 
fifths of our atmoB{d3ere;,and as, in atmoi^berio 
electrical phenomena, one, and^sometimes both 
the inductive forces are resident on the pari^ 
ries of the air, which, though jn^obably affected 
as to conducting power by the aqueous parti* 
cles in it, cannot be considered as a good con- 
ductor; so the peculiar power possessed by ni- 
trogen, to originate and effect discharge jh the 
form of a brush or of ramifications, 1^ prob- 
ably, an important relation to its electricai serv- 
ice in nature, as it most seriously affects the 
character and condition of the discharge when 
made. The whole subject of discharge from 
and throuid^ gases is of great interest, and, if 
only in referwice to atmospheric eleotricily, 
deserves extensive and close experimental in- 
vestigation. 

Difference of Diecharge at (he PoeUwe and 
Negative Conducting Surfaces 
1465. 1 have avoided speaking of this 
known phenomenon more than was quite nec- 
essary, that I mi^t bring together here what 1 
have to say on the subject. When the brush 
discharge is observed in air at the positive and 
negative surfaces, there is a very remarkable 
differmoe, the true and full comprehension of 
which would, no doubt, be of the utmost im* 
portanoe to ^e phyries of riectricity; it would 
throw great light on our present subject, i*e., 
the molecular action of dielectrics under induor 
tion, and its consequences; and sei^xis ‘wy 
op«i to, and accessible by, eiq>wrimental in^ 
quiry. .i.?: 

1^6* The diff^enoe in quesrimi used tp ^ 
expressed in; former rimes by saying 
point charged positively gave brushes into tw 
air, wUlst the same point charged negative^ 
gaveastar* This is true only of oonAmtmny 
or of metallic conductors charged intenxnttiag^ 
ly, or otheiwiseeontroUed by 
rimi. M metailio pomts Him 
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afar, titeposiiSve knd negative upon tliam 
WSet Mttle in appearaneot and tiie differ- 

eUoe ean be obeUrved only upon close examiiia- 
tibn. 

1467. The ^ect varies exceedingly un<ter 
different circumstances, but, as we must set 
out from some position, may perhaps be stated 
thus: if a metallic wire with a rounded termi- 
nation in free air be used to produce the brushy 
discharge, then the brushes obtained when the 
wire is charged negatively are very poor and 
small, by comparison with those produced when 
the cWge is positive. Or if a large metal ball 
connected with the electrical machine be charg- 
ed positively, and a fine uninsulated point 1^ 
gradually brought towards it, a star appears 
on the point when at a considerable distance, 
which, though it becomes brighter, does not 
(diange its form of a star until it is close up to 
the ball: whereas, if the ball be charged nega- 
Uvety, the point at a considerable distance has 
a star on it as before; but when brought near- 
er (in my case to the distance of inch), a 
brufih formed on it, extending to the negative 
ball; and when still nearer, (at 3^ of an inch 
distance), the brush ceased, and bright sparks 
passed. These variations, I believe, include the 
whole series of differences, and they seem to 
show at once, that the negative surface tends 
to retain its discharging character unchanged, 
whilst the positive surface, under similar cir- 
cumstances, permits of great variation. 

1468. There are several points in the char- 
acter of the negative discharge to air which it 
is important to observe. A metal rod, 0.3 of an 
inch in diameter, with a rounded end project- 
ing into the air, was charged negatively, and 
gave a short noisy brush (Pl^ X, Fig. 8). It was 
ascertained both by sight (1427, 1433) and 
dound (1431) that the successive discharges 
w^ very rapid in their recurrence, being sev- 
en or ei^t times more numerous in the same 
period, tiaan those produced when the rod was 
charged positively to an equal degree. When 
the rod was positive, it was easy, by working 
the machine a little quicker, to replace the 
bnudi by a j^oW (1405, 1463), but when it was 
negative no efforts could produce this change. 
Sven by bringing the hand opposite the wire, 
the only effect was to increase the number of 
brudi discharges m a g^ven period, raising at 
the same time the sou^ to a higher pitch. 

1469. A point opposite the negative brush ex- 
pbited a star, ai^d as it was approximated 
^^fifMd tbejrise and sound of t^^ 

^/dhhmish, and, at last, to cease, leaving the 


negative wd sSimt and dark, yet effective as 
to discharge. 

1470. When the round end of a smaller wire 
(PL X, Fig. 9) was advanced towards the neg- 
ative brush, it (becoming positive by induc- 
tion) exhibited the quiet glow at 8 inches dis- 
tance, the negative brush continuing. When 
nearer, the pitch of the souiid of the negative 
brush rose, indicating quicker intermittences 
(1431); still nearer, the positive end threw off 
ramifications and distmct brushes; at the same 
time, the negative brush contracted in its lat- 
eral directions and collected together, ^ving a 
peculiar narrow longish brush, in shape like a 
hair pencil, the two brushes existing at once, 
but very different in their form and appear- 
ance, and especially in the more rapid ^recur- 
rence of the negative discharges than of the 
positive. On using a smaller positive wil^e for 
the same experiment, the glow first app 

on it, and then the brush, the negative ti^sh 
being affected at the same time; and the Wo 
at one distance became exceedingly alike in ap- 
pearance, and the sounds, I thought, were in 
unison; at all events they were in harmony, so 
that the intermissions of discharge were either 
isochronous, or a simple ratio existed between 
the intervals. With a higher action of the ma- 
chine, the wires being retained unaltered, the 
negative surface became dark and silent, and a 
glow appeared on the positive one. A still high- 
er action changed the latter into a spark. Finer 
positive wires gave other variations of these ef- 
fects, the description of which I must not allow 
myself to go into here. 

1471. A thinner rod was now connected with 
the negative conductor in place of the larger 
one (1468), its termination being gradually di- 
minished to a blunt point, as in PI. X, Fig. 10; 
and it was beautiful to observe that, notwith- 
standing the variation of the brush, the same 
general order of effects was produced. The end 
gave a small sonorous negative brush, which the 
approach of the hand or a large conducting 
surface did not alter, until it was so near as to 
produce a spark. A fine point opposite to it was 
luminous at a distance; being nearer it did not 
destroy the light and sound of the negative 
brush, but only tended to have a brush pro- 
duced on itself, which, at a still less distance, 
passed into a spark joining the two surfaces. 

1472. When the distinct negative and posi- 
tive brushes are produced simultaneously iDi 
relation to each other in air, the former almost 
always has a contracted form, as in PL X, Fig* 
Ilf very much indeed resmbling the figure 
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whidi tlie positive brush itsdf has when ioflu^ pared to uitrogeu (14i60}, and the positive not 


enced by the lateral vicinity of positive parts 
acting by induction. Thus a brush issuing from 
a point in the re-entering angle of a positive 
conductor has the same compressed form (PL 
X, Fig. m. 

1473. The character of the negative brush is 
not affected by the chemical nature of the sub- 
stances of the conductors (1454), but only by 
their possession of the conducting power in a 
greater or smaller degree. 

1474. Rarefaction of common air about a 
negative ball or blunt point facilitated the de- 
velopment of the negative brush, the effect be- 
ing, I think, greater than on a positive brush, 
though great on both. Extensive ramifications 
could be obtained from a bail or end electrified 
negatively to the plate of the air-pump on 
which the jar containing it stood. 

1475. A very important variation of the rel- 
ative forms and conditions of the positive and 
negative brush takes place on varying the di- 
electric in which they are produced. The dif- 
ference is so very great that it points to a spe- 
cific relation of this form of discharge to the 
particular gas in which it takes place, and op- 
poses the idea that gases are but obstructions 
to the discharge, acting one like another and 
merely in proportion to their pressure (1377). 

1476. In ofr, the superiority of the positive 
brush is well known (1467, 1472). In nitrogen^ 
it is as great or even greater than in air (1458). 
In hydrogen, the positive brush loses a part of 
its superiority, not being so good as in nitrogen 
or air; whilst the negative brush does not seem 
injured (1459). In oxygen, the positive brush is 
compressed and poor (1457); whilst the nega- 
tive did not become less: the two were so alike 
that the eye frequently could not tell one from 
the other, and this similarity continued when 
the oxygen was gradually rarefied. In coal gas, 
the brushes are difficult of production as corn- 


much superior to the negative in its charactoi 
either at common or low pressures. In carbonic 
add gas, this approximation of character also 
occurred. In mvriaHc add gas, the positive 
brush was very little better than the negative, 
and both difficult to produce (1462) as com- 
pared with the facility in nitrogen or air. 

1477. These experiments were made with 
rods of brass about a quarter of an inch thick 
havmg rounded ends, these being opposed in a 
glass globe 7 inches in diameter, containing the 
gas to be experimented with. The electric ma- 
chine was used to communicate directly, some- 
times the positive, and sometimes the negative 
state, to the rod in connection with it. 

1478. Thus we see that, notwithstanding 
there is a general difference in favour of the su- 
periority of thepositi ve brush over the negative^ 
that difference is at its maximum in nitrogen 
and air; whilst in carbonic acid, muriatic acid, 
coal gas, and oxygen, it dimini^es, and at last 
almost disappears. So that in this particular 
effect, as in all others yet examined, the evi- 
dence is in favour of that view which refers the 
results to a direct relation of the electric forces 
with the molecules of the matter concerned in 
the action (1421, 1423, 1463). Even when spe- 
cial phenomena arise under the operation of 
the general law, the theory adopted seems fully 
competent to meet the case. 

1479. Before I proceed further in tracing tiie 
probable cause of the difference between the 
positive and negative brush discharge, I wish 
to know the results of a few experiment whidi 
are in course of preparation: and thinking this 
Series of Researches long enough, I shall here 
close it with the expectation of bting able in a 
few weeks to renew the inquiry, and entirely 
redeem my pledge (1306). 

Boyd InstUdion, Dec. 28^ 1837 
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f ix. DisrufOise Diteharge {cmtinuei) 

1480. Let us now direct our attention to the 
genntd difference of tiie pontive and negative 
disruptive discharge, with the object of tracbg, 
as far as posable, the cause of that difference, 
iffffl tvhe^er it depends on tiie diaiged con- 
duetcm prmcipally, or im tin interixieed di- 
sieeitrio ; and as it appears to be great in air and 
idtit^en (1476), let us obsowe the phoiomena 
in air first. 

1^1. The general case is best understood by 
a r^erence to surfaces of considerable size 
ratiro' tiian to points, which involve (as a sec- 
(Ktdary effect) the formation of currente (1662). 
My investigation, therefore, was carried on 
with balls and tenninations of differoit diam- 
Mns, and the following are some of the prin- 
opal resdts. 

' i4S2. If two balls of very different dimen- 
sions, as for instuioe one-luif an mch, and the 
otiKa- three inches in diameter, be arranged at 
the omIs of rods so tiuit ather can be electrified 
by a machine and made to discharge by Sparks 
to the othor, which is at the same time unin . 
' subted;then,asiswellknown,farlongerspaiks 
are (Stained when the small ball is poative 
and the large ball negative, tiian when the 
(mall ball is negative and the large ball posi- 
tive. In the former case, the sparks are 10 or 12 
imhss in length; in the latter, an inch m an 
inch and a, half (inly. 

. ; 1483. But previous to the description of fur- 
< thtt eiqierimaits, I will menticm two words, 
lor wlu^ with many others I am indebted to a 
, Mehd, and which I think it would be expetfient 
to intioduce and use. Jt is impcatant in ordi- 
' nsiy inductive action, to distinguish at which 
surface tiie induction ori^nates and is 
' '|iEM|itinedu.e., if two or more metallic balls, or 
masses of mattor, are in hiductive 


tion, to ei^^i^ which are (harged origHnally, 
and which are brought by them into vm op- 
posite electrical condition. 1 propose to call 
those bodies which are oripndly chargen, to- 
duetric bodies; and those which assume the op- 
posite state, in consequence of the bducmn, 
inducteous bodies. This distinction is not need- 
ful because there is any difference between the 
sums of the indudrie and the inducteow forces; 
but pruunptily because, when a ball A is in- 
ductric, it not merely brings a ball B, which is 
opposite to it, into an inducteous state, but al- 
so many other surrounding conductors, though 
some of them may be a considerable distakce 
off, and the consequence is, that the balls do 
not bear the same prec^ relation to each other 
^en, first one, and then the other, is made the 
indu<^ ball; though, in each case, the same 
baU be made to assume the same state. 

1484. Another liberty which I may also oc- 
casionally take in language I will explain and 
limit. It is that of calling a particular spark or 
brush, posUm or negoHee, according as it may 
be considered as originating at a positive or a 
negative Oirface. We speak of tiie brush as pos- 
itive at negative when it shoots out from sur- 
faces previously m those states; and the'expe^ 
imente of Mr. Wheatstone go to prove that it 
really begins at the (harged surface, and from 
thence extends int(L.the air (1437, 1438) or 
other dielectric. Aocordii^ to my view, sparke 
also originate or are determined at one particu- 
lar (1370), namdy, that rtiiere the temdon 
first lises up to tiie maximum degree; itnd when 
tills can be determined, as in the timultaneous 
use of large and smtil balhi, in which ease the 
dis<harge begphs or is determined by the latter, 
I would ctil that discharge which passes at 
onoe, a positive spark, if it was at the pontive 
surface that the maximam mtimsity was first 
oMained; CO* a native Qiaik, if that neiMMi^ 





yas &at tditeitied at active 
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1485^ An apparatus was arranged, as in PL 
XI, Fig* 2: A and B ww brass balls of very 
different diameters attached to metal rods, 
moving through sockets on msulaling pillars, 
80 that the distance between the balls could be 
varied at pleasure. The large ball A, 2 inches in 
diameter, was connected with an insulated brass 
conductor, which could be rendered positive or 
negative directly from a cylinder machine: the 
sn^ ball B, 0.25 of an inch in diameter, was 
connected with a discharging train (292) and 
perfectly uninsulated. The brass rods sustain- 
ing the balls were 0.2 of an inch in thickness. 

1486. When the large ball was posiJlive and 
inductric (1483), negative sparks occurred un- 
til the interval was 0.49 of an inch; then mixed 
brush and spark between that and 0.51; and 
from 0^52 and upwards, negative brush alone. 
When the large ball was made mgatwe and in- 
ductric, then positive spark alone occurred un- 
til the interval was as great as 1.15 inches; 
spark and brush from that up to 1.55; and to 
have the positive brush alone, it required an 
interval of at least 1.65 inches. 

1487. The balls A and B were now changed 
for each other. Then making the small baU B 
inductric positively ^ the positive sparks alone 
continued only up to 0.67; spark and brush oc- 
curred from 0.68 up to 0.72; and positive brush 
alone from 0.74 and upwards. Rendering the 
small ball B inductric and negative, negative 
sparks alone occurred up to 0.40; then spark 
and brush at 0.42; whilst from 0.44 and up- 
wards the noisy negative brush alone took place. 

1488. We thus find a great difference as the 
balls aie rendered inductric or inducteous; the 
small ball rendered positive inducteously giving 
a spark nearly twice as long as that produced 
when it was charged positive inductrically , and 
a corresponding difference, though not, under 
the ohctimBtances, to the same extent, was 
manifest, when it was rendered negative,^ 

1489. Other results are, that the small ball 

rendered positive gives a much longer spark 
than when it is rendered native, and thatihe 
small ball rendered negative gives a brushmore 
readily than when positive, in relation ip the 
affect produced by mcreeeing the distanilie be- 
tween the two balls. i 

1490. When &e interval was bdow! 0.4 of an 
mch, eo that tile small ball should ^lieji^ks, 


whe&er positive or negative, I eouid nol oi>* 
serve that thm was any constant diffemee, 
either in thidr ready ooburr^ice or the 
which passed in a given timk But when theh^l 
t^al was such timt the small bail when nega* 
tivegaVe a brush, then the discharges from it, 
as separate negative brushes, were far m<»e 
numerous than the corresponding discharges 
from it when rendered positive, whether those 
positive discharges were as sparks or brutiieB. 

1491. It is, therefore, evident that, when a 
ball is discharging electricity in. the form' cff 
brushes, the brumes are far more numeiouQ, 
and each contains or carries off far less electric 
force when the electricity so discharged is neg- 
ative, than when it is positive. 

1492. In all such experiments as those 
scribed, thepointof change from spark to brutii 
is very much governed by the working state of 
the electrical machine and the size of the con- 
ductor connected with the discharging tuiU. If 
the machine be in strong action and the con^ 
ductor large, so that much power is accumu- 
lated quickly for each discharge, then the in- 
terval is greater at which the sparlm are replaced 
. by brushes; but the general effect is the same.* 

1493. These results, though indicative of 
very striking and peculiar relations of the elec- 
tric force or forces, do not show the relative 
degrees of charge which the small ball acquires, 
before discharge occurs, i.e., they do not tdl 
whether it acquires a higher condition in the 
negative, or in the positive state, immediatdy 
preceding that discharge. To illustrate this im- 
portant point 1 arranged two places of dis- 
charge as represented, PL XI, Fig. $. A and D 
are brass balls 2 inches in diameter, B and C 
are smaller brass balls 0.25 of an inch in di- 
ameter; the forks L and R supporting them 
were of brass wire 0.2 of an in dimnetor: 
the spm between the large and small ball on 
the same fork was 5 Inches, that the two places 
of discharge n and o might be sufficientiy re- 
moved from each other's influence. The fork 
L was connects with a projecting cylindrical 
conductor, whidh could be rendered positive or 
negative at pleasure, by an electrical machine 
and the fork R was attached to another coiih 
ductor, but thrown into an uninsulated state, 
by connection with a disdhai|Sb:ig tiain ] 

two intervals or places of discharge iii|4 
0 could be varied at pleasure, thdr ext^t be? 
ing measured by the occasional intioducticm W 
a diagonal scale. It » evident that, as the baSs 

1 azDArimeata in diffMiit asssi. see 
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A and B with the eaane conductor 

are always charged at once, and that discharge 
may take place to either of the balls oonnecteid 
with the discharging train, the intervals of dis- 
charge n and o may be properly compared to 
each other, as respects the influence of large 
and small balls when charged positively and 
negatively in air. 

1494. When the intervals n and o were each 
made =0.9 of an inch, and the balls A and B 
inductric positwelyf the discharge was ail at n 
from the small ball of the conductor to the large 
ball of the discharging train, and mostly by 
positive brush, though once by a spark. When 
the balls A and B were made inductric negor 
lively^ the discharge was still from the same 
small ball, at n, by a constant negative brush. 

1496. 1 diminished the intervals n and o to 
0.6 of an inch. When A and B were inductric 
positively^ all the discharge was at n as a posi- 
tive brush: when A and B were inductric negor 
lively, still all the discharge was at n, as a 
negative brush. 

1496. The facility of discharge at the positive 
and negative small balls, therefore, did not ap- 
pear to be very different. If a diffei-ence had 
existed, there were always two small balls, one 
in each state, that the discharge might happen 
at that most favourable to the effect. The only 
difference was that one was in the inductric, 
and the other in the inducteous state, but which- 
soever happened for the time to be in that 
state, whether positive or negative, had the 
advantage. 

1497. To counteract this interfering influ- 
ence, I made the interval n = 0.79 and interval 
0 = 0.68 of an inch. Then, when the balls A and 
B were inductive positive, the discharge was 
about equal at both intervals. When, on the 
other hand, the balls A and B were inductric 
n^gaiive, there was discharge, still at both, but 
most at n, as if the small ball negative could dis- 
charge a little easier than the same ball poeitm. 

1498. Ihe small balls and terminations used 
in these and similar experiments may very cor- 
rectly be compared, in their action, to the same 
balls and ends when electrified in free air at a 
much greater distance from conductors, than 
they were in those cases from each other. In 
the first place, the discharge, even when as a 
spark is, according to my view, determined, 
snd, so to speak, begins at a spot on the sur- 
face of the small ball (1374), occurring when 
the intensity there has risen up to a certain 
iQaximum degree (1370); this determination of 
discharge at n partuu^ 


traced from the speak into the brush, by hr 
creasing the distance, bo as, at last, even to 
render the time evident which is necessary for 
the production of the effect (1436, 1438). In 
the next place, the large balls which 1 have 
used might be replaced by larger balls at a still 
greater distance, and so, by successive degrees, 
may be considered as passing into the sides of 
the rooms; these being under general circum- 
stances the inducteous bodies, whilst the small 
ball rendered either positive or negative is the 
inductric body. 

1499. But, as has long been recognised, the 
small bail is only a blunt end, and, electrically 
speaking, a point only a small ball; so that 
when a point or blunt end is throwing out its 
brushes into the air, it is acting exactly as the 
small balls have acted in the experiments al- 
ready described, and by virtue of the same 
properties and relations. 

1600. It may very properly be said with re- 
spect to the experiments, that the large nega- 
tive ball is as essential to the discharge as the 
small positive ball, and also that the large neg- 
ative ball shows as much superiority over the 
large positive ball (which is inefficient in caus- 
ing a spark from its opposed small negative 
ball) as the small positive ball does over the 
small negative ball; and probably when we un- 
derstand the real cause of the difference, and 
refei* it rather to the condition of the particles 
of the dielectric than to the sizes of the con- 
ducting balls, we may find much importance 
in such an observation. But for the present, 
and whilst engaged in investigating the point, 
we may admit, what is the fact, that the forces 
are of higher intensity at the surfaces of the 
smaller balls than at those of the larger (1372, 
1374); that the former, therefore, determine 
the discharge, by first rising up to that exalted 
condition which is necessary for it; and that, 
whether brou^t to this conation by inducticm 
towards the walls of a room or the large balls 
I have used, these may fairly be compel one 
with the other in their influence and actions. , 

1601. The conclusions I arrive at are: first, 
that when two equal small conducting surfaces 
equally placed in air are electrified, one posi- 
tively and the other negatively, that whi^ j|l 
negative can discharge to the air at nimmnsk 
little lower than that reqiured for the poiritive 
hall: second, that when discharge does 
place, much more passes at each time from the 
positive tlian from the negative surface (1491). 
The Itot «<>hduinon is very abun(to;tt:tiy 

by toe optical analysis of toe positifas 
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1^. If, now, a small ball be made to give 
broshm oi* brushy sparks by a powerful nm- 
ebstie, we can, in some measure, understand 
1 ^ i^te the diff^nce perceived wh^ it is 
tendered positive or negative. It is known to 
live when positive a much larger and mote 
powerful spark than when negative, and with 
greater facility (1482): in fact, the spark, a!* 
thpugh it takes away so much more electricity 
at once, commences at a tension higher ohly in 
a small degree, if at all. On the other hand, if 
rmdered negative, though discharge may oom^ 
mence at a lower degree, it continues but for a 
very short period, very littie electricity passing 
away each time. These circumstances are di-* 
rectly related; for the extent to which the posi- 
tive spark can reach, and the size and extent of 
ibe positive brush, are consequences of the 
capability which exists of much dectricity pass- 
ing off at one discharge from the positive sur- 
face (1468, 1501). 

1508. But to refer these effects only to the 
fonn and size of the conductor, would, accord- 
ing to my notion of induction, be a very im- 
perfect mode of viewing the whole question 
(1523, 1600). I apprdhend that the effects are 
due fdtogether to the mode in which the parti- 
cles of tihe inteiposed dielectric polarize, and I 
have already given some experim^tal indica- 
tions of the d^erences presented by different 
electrics in this respect (1475, 1476). The modes 
of polarization, as 1 shall have occasion here- 
after to show, may be very diverse in different 
didectrics. With respect to ^common air, what 
iseins to be the consequence of a superiority in 
the positive force at the surface of the small 
t)0&} may be due to the more es^ted condition 
negative polarity of the partides of air, 
the nitrogen in it (the negative part be- 
p^haps, more compressed, whilst the pos^ 
it^ part b mme diffuse, or vice versa [1^7, 
M3; M sud^ a condition could detenfdnecer- 
tiite effects at the positive ball which would 
tmt take place to tiie same degree at the nega- 
tive ^ust as well as if the positive ball 1^ 
poisemedsome apeoid and independent power 
itS'OWm '' 

' IBOL Tito ofWoi^: that the effects are 
Hlkdy to bedepdodent thedidectnc tiian 

*> .; very essdlent mde ef^s»s«aintot the rstotion 
fwtave sad i^egstivje amf aoee wouldbe hr 
V ef df giun motions, or 


twodhdmrges. Ifasmall ptotitii^ballhetinow- 
ing off bruAes with ramifications ten indtos 
tong, how can the ball affect that partof a rami- 
fication which is five inches from it? Yet the 
portion beyond tiud; place has the same char- 
acter as that preceding it, and no doubt has 
that character impressed by the same general 
principle and law. Looking upon the action of 
the contiguous particles of a dielectric as fully 
proved, 1 see, in such a ramification, a propa- 
gation of discharge from particle to particle, 
each doing for the one next it what was done 
for it by the preceding particle, and what was 
done for the^t particle by the charged metal 
against which it was situated. I 

1505. With respect to the general condition 
and relations of the positive and negative crush- 
es in dense or rare air, or in other media and 
gases, if they are produced at different Wes 
and places they are of course independeAt of 
each other. But when they are produced from 
opposed ends or balls at the same time, in the 
same vessel of gas (1470, 1477), they are fre- 
quently related; and circumstances may be so 
arranged that they shall be isochronous, occur- 
ring in equal numbers in equal times; or shall 
occur in multiples, i.e., with two or three nega- 
tives to one positive; or shall alternate, or be 
quite irregular. All these variations I have wit- 
nessed; and when it is considered that the air 
in the vessel, and also the glass of the vessel, 
can take a momentary charge, it is easy to 
comprehend their general nature and cause. 

1506. Similar experiments to those in air 

(1485, 1498) were made in different gases, the 
results of which 1 will describe as briefiy as 
possible. The apparatus is represented PI. XI, 
Fig. jfy consisting of a bell-glass eleven inches 
in diameter at the widest part, and ten and a 
half inches h^ up to the bottom of the neck. 
The balls arelettered, as in PL XI, Fig. ff, and 
lore in the same rtiation to each other; but A 
and B were on separate sliding wires, which, 
however, were generally Joined by a cross wire, 
tc, above, and tiiat connected with the brass 
conductor, which received its positive or nega- 
tive charge from the machine. The rods of A 
and B were graduated at tiie part moving 
thrcMigh the stuffing-box, so that tiie applica- 
tion cl a diagonal s^e apiffied tbm told what 
was the #8tano6 between tiiese balls Imd those 
beneath them. As to the position of the balls in 
the jar^ azidihtir saad 

0 were tineeand a quailimr indhes^afW 
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b0ii^istbim4he{H^ jsud the 

<h3taaoebetweeii aay of the balleead the ^ees 
of the jer <me ineh attd threo-quartens at least, 
and g^eraUy more. The balls A and D were two 
inches in diam^er, as before (1493),; the balls 
B and C only 0.15 of an inch in diameter. 

Another a{>paratus was occasionally us^ in 
connection with that just described, being an 
open discharger (PL XI, Fig. 5), by which a 
comparison of the discharge in air and that in 
gases could be obtained. The balls E and F, 
each 0.6 of an inch in diameter, were connected 
with sliding rods and other balls, and were in- 
sulated. When used for comparison, the brass 
conductor was associated at the same time 
with the balls A and B of Figure 4 and ball E of 
thisai^aratus (Fiflf. 5); whilst the balls C, D and 
F were connected with the discharging train. 

1507. 1 will first tabulate the results as to the 
restraining power of the gases over discharge. 
The balls A and C (JFig. 4) were thrown out of 
action by distance, and the effects at B and D, 
or the interval n in the gas, compared witii 
those at the interval p in the air, between E 
and F (Fig. 6). The table sufficiently explains 
itself. It will be understood that all discharge 
was in the air, when the interval there was less 
than that expressed in the first or third col- 
umns of figures; and all the discharge in the 
gas, when the interval in air was greater than 
that in the second or fourth column of figures. 
At intermediate distances the discharge was 
occasionally at both places, i.e., sometimes in 
the air, sometimes in the gas. 

Interval p io parta of an inch 

Constant When the small ball B When the small ball B 
interval n was induotrie and was induotrio and 
between positive the negative the 

BandD • discharge was all discbarge was all 
1 inch at p in at n in the at p in at n in the 
air before gas after air before gas after 


In Air 

p ■* 

0.40 

p - 

0.50 

p - 
0.28 

p - 

0.33 

In Nitrogen 

0.30 

0.65 

0.31 

0.40 

In Oxygen 

0.33 

0.52 

0.27 

0.30 

In Hydrogen 0.20 

0.40 

0.22 

0.24 

In Coal gas 
In Garble 

0.20 

0.90 

0.20 

0.27 

acid 

0.64 

1.30 

0.30 

0.46 


1508. These results are tibe same generally, 
as far as they go, as those of the like nature in 
the last series (li388), and confirm the contu- 
sion that ffifferent gases restrain discharge in 
very different proportions. They me prolmbly 
not so good as the former ones, for, the glass 
jar not being varnished acted irreimlcH^lyy some- 
times taking n oeaiism degree of tmrge, as a 
non-o^ot^i times acti^M a 


eonduetm^ in ecmveya^ 
of that Andke^ cause of diff^encO in 
the ratios is^ no doubt, the relative sises of 
discharge balls in air; in the former case they 
were of very different size, h«re they were alike. 

1509. In future experiments intended to have 
the ch^acter of accuracy, the influence of 
these circumstances ought to be ascertained, 
and, above all things, the gases themsdves 
ought to be contained in vessels of metal, and 
not of glass. 

1510. The next set of results are those ob- 
tained when the intervals n and o (PL XI, Fig. 
4) were made equal to each other, and relate to 
the greater facility of discharge at the small 
ball, when rendered positive or negative (1493). 

1511. In air, with the intervals 0.4 of an 
inch, A and B being inductric and positive^ dis- 
charge was nearly equal at n and o; wh^ A 
and B were inductric and negative, the dis- 
charge was mostly at n by negative brush. 
When the intervals were =0.8 of an inch, with 
A and B inductric positively, all discharge was 
at n by positive brui^; with A and B inductric 
negatively, all the discharge was at n by a neg- 
ative brush. It is doubtful, therefore from these 
results, whether thenegative ball hasany greater 
facility than the positive. 

1512. Nitrogen. Intervals n and o«0.4 of an 
inch: A« B inductric positive, discharge at both 
intervals, most at n, by positive sparks; A, B 
inductric negative, disch^ge equal at n mid o. 
The intervals made=0.8 of an inch; A, B in- 
ductric positive, discharge all at n by positive 
brush; A, B inductric negative, discharge most 
at 0 by positive bruidi. In this gas, th^^ore, 
though ^e difference is not dedsive, it would 
seem that the positive small ball caused the 
most ready discharge. 

1513. Oxygen. Interv^ds n and o=0.4 of an 
inch: A, B inductric positive, discharge nearly 
equal; inductric negative, discharge mostly at 
n by negative brush. Made the intervals =0.8 of 
an inch: A, B inductric positive, discharge ba& 
at n and o; inductric negative, discharge all at 
o by negative brush. So here the negative smaSl 
ball seems to ^ve the most ready dischaige. 

1514. Hyire^gen. Intervals n and o =0.4, of an 
inch: A, B inductric positive, discharge neariljr 
emial: inductric negative, disdiarge moit^ 

c. Intervals^ttO.S of an Inch: A and B 
positive, dischargemostly at n,aspo8itivebh]A; 
inductric negative, discharge mostly at o, as 
positive brush. Here the positive tfiseharge 
seems most ladle. 
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1515. Cod guo, n and d«0.4 of an inch; A, B 
indotitrie positive, discharge nearly all at o by 
negative spark: A, B inductric negative, dis- 
chitfge nearly all at n by negative spark. In- 
tervals® 0.8 of an inch, and A, B inductric 
posilive, discharge mostly at o by negative 
brush: A, B inductric negative, discharge all at 
n by negative brush. Here the negative dis- 
charge most facile. 

1516. Carbonic acid gaa. n and o®0.4 of an 
inch: A, B inductric positive, discharge nearly 
all at 0 , or negative: A, B inductric negative, 
discharge nearly all at n, or negative. Inter- 
vals® 0.8 of an inch: A, B inductric positive, 
discharge mostly at o, or negative: A, B induc- 
tric negative, discharge all at n, or negative. 
In this case the negative had a decided ad- 
vantage in facility of discharge. 

1517. Thus, if we may trust this form of 
ej^perimcnt, the negative small ball has a de- 
cided advantage in facilitating disruptive dis- 
charge over the positive small ball in some 
gases, as in carbonic acid gas and coal gas 
(1899), whilst in others that conclusion seems 
more doubtful; and in others, again, there 
seems a probability that the positive small ball 
may be superior. All these results were obtained 
at very neariy the same pressure of the atmos- 
phere. 

1518. 1 made some experiments in these gases 
whilst in the air jar (PI. XI, Fig, 4)> as to the 
change from spark to brush, analogous to those 
in the open air already described (1486, 1487). 
1 will give, in a table, the results as to when 
brush began to appear mingled with the spark; 
but the after results were so varied, and the na- 
ture of the discharge in different gases so dif- 
ferent, that to insert the results obtained with- 
out further investigation, would be of little 
use. At intervals less than those expressed the 
discharge was always by spark. 



Discharge 
between balls 

B and D 

Discharge 
between 
balls A and C 


Small 

ballB 

induo- 

trio 

poa. 

Small 

ballB 

induo- 

trio 

nag. 

I^arge 
ball A 
induc- 
tric 
poa. 

Large ball A 
inductric nag. 

Air 

0.55 

0.30 

0.40 

0.75 

Ifitrqgen 

0.30 

0.40 

0.52 

0.41 

Oxpfeen 

itydrogen 

0.70 

0.20 

0.30 

0.10 

0.45 

0.82 

Coal gas 

0.13 

0.30 

0.30 

0.14 

Carbonic acid 

0.82 

0.43 

1.60 

above 1.80; 
had not 
space. 


1519. It is to be understood that sparks oc- 
curred at much higher intervals than these; 
the table only expresses that distance beneath 
which all discharge was as spark. Some curious 
relations of the different gases to discharge are 
already discernible, but it would be useless to 
consider them until illustrated by further ex- 
periments. 

1520. 1 ought not to omit noticing here, that 
Professor Belli of Milan has published a very 
valuable set of experiments on the relative dis- 
sipation of positive and negative electricity in 
the air;' he finds the latter far more ready, in 
this respect; than the former. [ 

1521. I made some experiments of a similar 
kind, but with sustained high charges; the re- 
sults were less striking than those of Signore 
Belli, and I did not consider them as Satis- 
factory. I may be allowed to mention, in Con- 
nexion with the subject, an interfering effect 
which embarrassed me for a long time, ’i^en I 
threw positive electricity from a given point 
into the air, a certain intensity was indicated 
by an electrometer on the conductor connected 
with the point, but as the operation continued 
this intensity rose several degrees; then mak- 
ing the conductor negative with the same point 
attached to it, and all other things remaining 
the same, a certain degree of tension was ob- 
served in the first instance, which also gradu- 
ally rose as the operation proceeded. Returning 
ttie conductor to the positive state, the tension 
was at first low, but rose as before; and so also 
when again made negative. 

1522. This result appeared to indicate that 
the point which had been giving off one elec- 
tricity was, by that, more fitted for a short 
time to give off the other. But on closer exam- 
ination I found the whole depended upon the 
inductive reaction of that air, which being 
charged by the point, and gradually increasing 
in quantity before it, as the positive or nega- 
tive issue was continued, diverted and removed 
a part of the inductive action of the surround- 
ingwall,andthusapparentlyaffectedthepowers 
of the point, whilst really it was the dielectric 
itself that was causing the change of tension. 

1523. The results connected with the differ- 
ent conditions of positive and negative dis- 
diarge will have a far greater influence on the 
philosophy of electrical science than we at pres- 
ent imagine, especially if, as I believe, they de- 
pend on the peculiarity and degree of polarised 

i BmioMqu^ irmtwMOe, 1836, September, p. 152. 
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condition which the molecules of the didectrics 
concerned acquire (1503, 1000). Thus, for in- 
stance, the relation of our atmosphere and the 
earth within it, to the occurrence of spark or 
brush, must be especial and not accidental 
(1464:). It would not else consist with other 
meteorological phenomena, also of course de- 
pendent on the special properties of the air, 
and which being themselves in harmony the 
most perfect with the functions of animal and 
vegetable life, are yet restricted in their ac- 
tions, not by loose regulations, but by laws the 
most precise. 

1624. Even in the passage through air of the 
voltaic current we see the peculiarities of posi- 
tive and negative dbcharge at the two char- 
coal points; and if these discharges are made to 
take place simultaneously to mercury, the dis- 
tinction is still more remarkable, both as to the 
sound and the quantity of vapour produced. 

1525. It seems very possible that the remark- 
able difference recently observed and described 
by my friend Professor Daniell,^ namely that 
when a zinc and a copper ball, the same in size, 
were placed respectively in copper and zinc 
spheres, also the same in size, and excited by 
electrol 3 rtes or dielectrics of the same strength 
and nature, the zinc ball far surpassed the zinc 
sphere in action, may also be connected with 
these phenomena; for it is not difficult to con- 
ceive how the polarity of the particles shall be 
affected by the circumstance of the positive 
surface, namely the zinc, being the larger or 
the smaller of the two inclosing the electrolyte. 
It is even possible, that with different electro- 
lytes or dielectrics the ratio may be consider- 
ably varied, or in some cases even inverted. 

GUnv Discharge 

1626. That form of disruptive discharge which 
appears as a glow (1359, 1405), is very peculiar 
and beautiful: it seems to depend on a quick 
and almost continuous charging of the air close 
to, and in contact with, the conductor. 

1627. Diminution of the charging surface will 
produce it. Thus, when a rod 0.3 of an inch in 
diameter, with a rounded termination, was ren- 
dered positive in free air, it gave fine brushes 
from the extremity, but Occasionally these dis- 
appeared, and a quiet phosphorescent continu- 
ous glow took their place, covering the whole 
of the end of the wire, and extending a very 
small distance from the metal into the air. With 
a rod 0.2 of an Inch in diameter the ^ow was 
*nore readily produced. With still smaller rods, 

^ PhUoaopMBid TransaetionB, 1838, p. 47. 


and also with blunt conical points, it occurred 
still more readily; and with a fine point I could 
not obtain the brush in free air, but only this 
glow. The positive glow and the positive star 
are, in fact, the same. 

1528. Increase of poioer in the machine tends 
to produce the glow; for rounded terminations 
which will give only brushes when the machine 
is in weak action, will readily give the glow 
when it is in good order. 

1529. Rarefaction of the air wonderfully fa- 
vours the glow phenomena. A brass ball, two 
and a half inches in diameter, being made posi- 
tively inductric in an air-pump receiver, be- 
came covered with glow over an area of two 
inches in diameter, when the pressure was 
reduced to 4.4 inches of mercury. By a little 
adjustment the ball could be covered all over 
with this light. Using a brass ball 1.25 inches in 
diameter, and making it inducteously positive 
by an inductric negative point, the phenomena, 
at high degrees of rarefaction, were exceedingly 
beautiful. The glow came over the positive 
ball, and gradually increased in brightness, un- 
til it was at last very luminous; and it also 
stood up like a low flame, half an inch or more 
in height. On touching the sides of the glass jar 
this lambent flame was affected, assumed a 
ring form, like a crown on the top of the ball, 
appeared flexible, and revolved with a com- 
paratively slow motion, i.e., about four or five 
times in a second. This ring-shape and revolu- 
tion are beautifully connected with the me- 
chanical currents (1576) taking place within 
the receiver. These glows in rarefied air are 
often highly exalted in beauty by a spark dis- 
charge at the conductor (1551, note). 

1530. To obtain a negative glow in air at com- 
mon pressures is difficult. I did not procure it 
on the rod 0.3 of an inch in diameter by my 
machine, nor on much smaller rods; and it is 
questionable as yet, whether, even on fine points, 
what is called the negative star is a very re- 
duced and minute, but still intermitting brush, 
or a glow similar to that obtained on a positive 
point. 

1531. In rarefied air the negative glow can 
easily be obtained. If the rounded ends of two 
metd rods, about 0.2 of an inch in diameter, 
are introduced into a globe or jar (theair within 
bdng rarefied), and bemg opposite tu eacb 
other, are about four inches apart, the glow 
can obtained on both rods, covering nc^ 
only the ends, but an inch or two of the part 
behind. On using hoBx in the aiispuinp jar, and 
adjusringthedistanceand exhaustion, thenega* 





live ball 001)^4 be covered with |^ 0 w, yrheXtm 
it Fere the lA4uetric or the inducteous surface. 
. 1532. When rods are used it is necessary to 
1)6 asrare that, if placed conc^trically in the 
jar or globe, the light on one rod is often re- 
ieeted by the sides of the vessel on to the other 
todi ttnd makes it apparently luminous, when 
reaiUy it is not so. Ihis effect may be detected 
by shifting the eye at the time of observation, 
or avoided by using blackened rods. 

. 1533. It is curious to observe the relation of 
glw^ brushy and sparib to each other, as pro- 
duct by positive or n^ative surfaces; thus, 
beginning with spark discharge, it passes into 
brush much sooner when the surface at which 
the discharge commences (1484) is negative, 
than it does when positive; but proceeding on- 
wards in the order of change, we find that the 
positive brush passes into glow long before the 
jMgative brush does. So that, though each pre- 
sents the three conditions in the same general 
order, the series are not precisely the same. It 
is probable, that, when these points are mi- 
nutely examined, as they must be shortly, we 
shall find that each different gas or dielectric 
presents its own peculiar results, dependent 
upon the mode in which its particles assume 
polar electric condition. 

1534. The glow occurs in all gases in which 
I have looked for it. These are air, nitrogen, 
oxyg^, hydrogen, coal gas, carbonic acid, 
muriatic acid, sulphurous acid and ammonia. I 
thought also that I obtained it in oil of turpen- 
tine, but if so it was very dull and small. 

.1535. The glow is always accompanied by a 
wind proceeding either dir^Uy out from the 
glowing part, or directly towards it; the former 
being the most general case. This takes place 
evw when the ^ow occurs upon a ball of con- 
s^erable sise: and if matters be so arranged 
tbe ready and regular access of air to a 
part exhibiting the glow be interfered witii or 
prevmted, the glow then disappears. 

1536. 1 have never been able to analyse or 
eqwmte the i^ow into visible elementary in- 
tmnitting (fischarges (1427, 1433), nor to ob- 
the other evidence of intermitting action, 
)WdpQeiy an audible sound (1431). The want of 
suecesB, asiefipeets trials niade by Qcularmeans, 
depmd upon the large sise of the glow 
^ pe^enting theeeparation of the visible images: 
Sind, indent if It does intermit, it is not liMy 
ail parts intermit at onee witi^ a 
^jlab^regulartty. 

j f{ ||37. M the effects tend to.diQW, that glow 
: A contbumim ebaige pr discharge of 


m; in the kmet case iMx^panied by a 

current from, and in the latter by one to, ^ 
place of the glow. As the surrounding air comes 
up to the charged conductor, on attaining thjM* 
B{^t at which the tension of the particles is 
raised to the sufficient degree (1370, 1410), it 
becomes charged, and then moves off, by the 
joint action of the forces to which it is subject; 
and, at the same time that it makes way for 
other particles to come and be charged in turn, 
actually helps to form that current by which 
they are brought into the necessary position. 
Thus, through the regularity of the forces, a 
constant and quiet result is produced; and that 
result is, tba 4 ^rging of successive portions of 
air, the production of a current, and of (a con- 
iinuouB glow. 

1538. I have frequently been able to Wake 
the termination of a rod, which, when left to 
itself, would produce a brush, produce in pref- 
erence a glow, simply by aiding the form^on 
of a current of air at its extremity; and, on the 
other hand, it is not at all difficult to convert 
the glow into brushes, by affecting the current 
of air (1574, 1579) or the inductive action 
near it. 

1539. The transition from glow, on the one 
hand, to brush and spark, on the other, apd, 
therefore, their connexion, may be estal^hed 
in various ways. Those circumstances which 
tend to facilitate the charge of the air by the 
excited conductor, and those which tend 
to keep the tension at the same degree notwith- 
standing the discharge, assist in producing the 
glow; whereas those which tend to resist the 
charge of the air or other dielectric, and those 
which favour the accumulation of electric force 
prior to discharge, which, sinking by that act, 
has to be exalted before the tension can again 
acquire the requisite degree, favour intermit- 
ting discharge, and, therefore, the production 
of brush or spark. Thus, rarefaction of the air, 
the removal of large conducting surfaces from 
the neighbourhood of the glowing termination, 
the presentation of a sharp point towards it, 
help to sustain mr produce the glow: but the 
condensation of tiie air, the presentation of the 
hand or other lar^ surface, the gradual ap- 
proximation oi a discharging hall, tend to oon^ 
vert the gd^w into brush or even Bpax}L AU 
these circumstances may be traoedand reduood, 
inamanner easily comprejumsibl^ to thek retar 
tivepowerofa88i5tingtoproduce,mthH’ac<mtfn- 
W 0 U 8 diadmrge to the air, which gives the ^ow; 
or an jftierriipfsdpne, which produceathe 

and, in a more exalted oonditimi» the 





16^. The founded end of u br^ iodi'Q«3 of 
axkindh in ihaio^y wee covered udth e 
tive glow by the working of an electrical mar 
chine: on stopping the machine^ so that the 
charge of the connected conductor should fall, 
the glow changed for a moment into brushes 
just before the discharge ceased altogether, il- 
lustrating the necessity for a certain high con- 
tinuous cWge, for a certain sized termination. 
Working the machine so that the intensity should 
be just low enough to give continual brushes 
from the end in free air, the approach of a fine 
point changed these brumes into a glow. Work- 
ing the machine so that the termination pre- 
sented a continual glow m free air, the gradual 
approach of the hand caused the glow to con- 
tract at the very end of the wire, then to throw 
out a luminous point, which, becoming a foot 
stalk (1426) , finally produced brushes with large 
ramifications. All these results are in accord- 
ance with what is stated above (1539). 

1541. Greasing the end of a rounded wire 
will immediately make it produce brushes in- 
stead of glow. A ball having a blunt point 
which can be made to project more or less be- 
yond its surface, at pleasure, can be made to 
produce every gradation from glow, through 
brush, to spark. 

1542. It is also very interesting and instruc- 
tive to trace the transition from spark to glow, 
through the intermediate condition of stream, 
between ends in a vessel containing air more or 
less rarefied; but 1 fear to be prolix. 

1543. All the effects show, that the glow is in 
its nature exactly the same as the luminous 
part of a brush or ramification, namely a charg- 
ing of air; the only difference being, that the 
glow has a continuous appearance from the 
constant renewal of the same action in the 
same place, whereas the ramification is due to 
a moment^, independent and intermitting 
action of the same l^d. 

Dark DwMfge. 

1544. I will now notice a very remarkaWe 
circumstance in the luminous discharge accom- 
panied by negative glow, which may, perhaps, 
be correctly traced hereafter into c&charges of 
much higher intensity. Two brass rods, 0.8 of 
an moh in diameter, entering a glass globe on 
opposite sidesi had their ends brought into con- 
tact, and the air about them very murk rare- 
fied. A discharge of electricity from the mar 
chine weus then made through ^em, and whilst 
that Was pbntini^ the ei^ were separated 
from eacmothen. At the moment of separation 


a cbtdhmbUi gliow eahre the end of the 
negative rod, the positive termination ransie-* 
ing quite dark. As the distance was mcreasSd^ 
a purple stream or haze appeared on tiie end Of 
the positive rod, and proceeded directly outr 
wards towards the negative rod; elongating as 
the interval was enlarged, but never joining 
the negative glow, there bring always a short 
dark space between. This space, of about Krth 
or Hoth of an inch, was apparently invariable 
in its extent and its position, relative to the 
negative rod; nor did the negative glow vary. 
Whether the negative end where inductric or 
inducteous, the same effect was produced. It 
was strange to see the positive purple haze 
diminish or len^hen as the ends were sepa- 
rated, and yet this dark space and the negative 
^ow remain unaltered (PI. XI, Fig. 6). 

1545. Two balls were then used in a large 
air-pump receiver, and the air rarefied. The 
usual transitions in the character of the dis- 
charge took place; but whenever the luminous 
stream, which appears after the spark and the 
brush have ceas^, was itself changed into glow 
at the balls, the dark space occurred, and that 
whether the one or the other ball was made in- 
ductric, or positive, or negative. 

1546. Sometimes when the negative ball was 
large, the machine in powerful action, and the 
rarefaction high, the ball would be covered over 
half its surface with glow, and then, upon a 
hasty observation, would seem to exhibit ho 
dark space: but this was a deception, arising 
from the overlapping of the convex termina- 
tion of the negative glow and the concave 
termination of the positive stream. More care- 
ful observation and experiment have convinced 
me, that when the native glow occurs, ii 
never visibly touches the luminous part of the 
positive discharge, but that the dark space is 
always there. 

1547. This singular i^paration of the posi- 
tive imd negative discharge, as far as concerns 
their luminous character, under circumstances 
which one would have thought very favourable 
to thrir coalescence, is prob^ly connected with 
thrir diff«:«nceB when in the form of brus^, 
and is perhaps even dependent on the Saule 
cause. Farther, there is every likelihood that 
the dark parts which occur in feeble sparks ai^ 
also connected ^th these ph^omesia.^ Tb Unr‘ 
derstand tiiem would be very important, 

is quite riear that in many of the experibient^ 
indeed m ail that I have quoted, dlsohsErge k 

^'See PtelMor Jobn8on*8 experiment^ SilUmim*'* 

JjOwnuAt XXv, p. 57. 
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taJdng plibce aeroGis the dark part of the dieleo 
1^0 to an extent quite equal to what occurs in 
the luminous part. This difference in the re- 
sult would seem to imply a distinction in the 
modes by which the two electric forces are 
brou^t into equilibrium in the respective parts; 
and looking upon all the phenomena as giving 
ad<htionai proofs, that it is to the condition of 
the particles of the dielectric we must refer for 
the principles of induction and discharge, so it 
would be of great importance if we could know 
accurately in what the difference of action in 
the dark and the luminous parts consisted. 

1548. The dark discharge through air (1552), 
which in the case mentioned is very evident 
(1544), leads to the inquiry, whether the pai^ 
tides of air are generally capable of effecting 
discharge from one to another without becom- 
ing luminous; and the inquiry is important, be- 
cause it is connected with that degree of ten- 
sion which is necessary to originate discharge 
(1368, 1370). Discharge between air and con- 
ductors without luminous appearances are very 
coxnmon ; and non-luminous discharges by carry- 
ing currents of air and other fluids (1562, 1595) 
are also common enough: but these are not 
cases in point, for they are not discharges be- 
tween insulating particles. 

1549. An arrangement was made for dis- 
charge between two balls (1485) (PI. XI, Fig. 

but, in place of connecting the inducteous 
b^ directly with the discharging train, it was 
put in communication with the inside coating 
of a Leyden jar, and the discharging train with 
the outside coating. Then working the mar 
chine, it was found that whenever sonorous 
and luminous discharge occurred at the balls 
A B, the jar became charged; but that when 
these did not occur, the jar acquired no charge: 
and such was the case when small rounded ter- 
minations were used in place of the balls, and 
also in whatever manner they were arranged. 
Under these circumstances, therefore, discharge 
even between the air and conductors was el- 
ways luminous. 

1550. But in other cases, the phenom^ia are 
such as to mske it almost certain that dark dis- 
chaige can take place across air. If the rounded 
end of ametal rod, 0.15 of an inch in diameter, 
be made to give a good native brush, the ap- 
proach of a smaller end or a blunt point op* 
pcNSote to it will, at a certain distance, cause a 
diminution of the brush, and a glow will appear 
W ^ positive inducteous wire, accompanied 
l:^a current of m passing from it. Now, as the 
mr is being charg^ both at the positive and 


negative surfaces, it seems a reasonable con- 
clusion, that the charged portions meet some- 
where in the interval, and there discharge to 
each other, without producing any luminous 
phenomena. It is possible, however, that the 
air electrified positively at the glowing end 
may travel on towards the negative surface, 
and actually form that atmosphere into which 
the visible negative brushes dart, in which case 
dark discharge need not, of necessity, occur. 
But I incline to the former opinion, and think, 
that the diminution in size of the negative 
brush, as the positive glow comes on to the end 
of the opposed wire, is in favour of that view. 

1551. Using rjBirefied air as the dielectriq, it is 
very easy to obtain luminous phenome^ as 
brushes, or glow, upon both conducting mils 
or terminations, whilst the interval is (krk, 
and that, when the action is so momenWy 
that I think we cannot consider currents as ef- 
fecting discharge across the dark part. Thul^ if 
two balls, about an inch in diameter, and 4 or 
more inches apart, have the air rarefied about 
them, and are then interposed in the course of 
discharge, an interrupted or spark current be- 
ing produced at the machine,^ each termination 
may be made to show luminous phenomena, 
whilst more or less of the interval is quite dark. 
The discharge will pass as suddenly as a re- 
tarded spark (295, 334), i.e., in an interval of 
time almost inappreciably small, and in such a 
case, 1 think it must have passed across the 
dark part as true disruptive discharge, and not 
by convection. 

1552. Hence I conclude that dark disruptive 
discharge may occur (1547, 1550); and also, 
that, in the luminous brush, the visible rami- 
fications may not show the full extent of the 
disruptive discharge (1444, 1452) , but that each 
may have a dark outside, enveloping, as it 
were, every part through which the discharge 
extends. It is probable, even, that there are 
such things as dark discharges analogous in 
form to the brush and the spark, but not lumi- 
nous in any part (1445). 

1553. The occurrence of dark discharge in 
any case shows at how low a tension disruptive 
discharge may occur (1548), and indicates that 
tiie light of the ultimate brush or spark is in no 
relation to the intensity required (1368, 1370). 
So to speak, the discharge begins in darkness, 
and the light is a mere consequence of the 

1 By spark current I mean one passing in a series 
of spark between the conductor of the machine and 
the apparatus: by a continuous current one that 
passes through metallic conductors, and in that re- 
spect without interruption at the same plaoe. 



mnm mjmmaTY m 


quantitywUdi, after dlsobuigeiiM 
flows to t2iat sp^t and there finds its most far 
die passage (1418« 1435). As an illustration of 
the growth generally of discharge, I may re* 
mark that, in the experiments on the transition 
in oxygen of the discharge from spark to brush 
(1518), every spark was immediately preceded 
by a short . brush. 

1554. The phenomena relative to dark dis- 
charge in other gases, though differing in cer- 
tain characters from those in air, confirm the 
conclusions drawn above. The two rounded 
terminations (1544) (PL XI, Fig, 6 ) , were placed 
in muriatic acid gas (1445, 1463) at the pressure 
of 6.5 inches of mercury, and a continuous ma- 
chine current of electricity sent through the 
apparatus: bright sparks occurred until the in- 
terval was about or above an inch, when they 
were replaced by squat brushy intermitting 
glows upon both terminations, with a dark 
part between. When the current at the ma- 
chine was in spark, then each spark caused a 
discharge across the muriatic acid gas, which, 
with a certain interval, was bright ; with a larger 
interval, was straight across and flamy, like a 
very exhausted and sudden, but not a dense 
sharp spark; and with a still larger interval, 
produced a feeble brush on the inductric posi- 
tive end, and a glow on the inducteous nega- 
tive end, the dark part being between (1544); 
and at such times, the spark at the conductor, 
instead of being sudden and sonorous, was dull 
and quiet (334). 

1555. On introducing more muriatic acid gas, 
until the pressure was 29.97 inches, the same 
terminations gave bright sparks within at small 
distances; but when they were about an inch 
or more apart, the discharge was generally with 
very small brushes and glow, and frequently 
with no light at all, though electricity had 
passed through the gas. Whenever the bright 
spark did pass through the muriatic acid gas at 
this pressure, it was bright throughout, pre- 
senting no dark or dull space, 

1556. In coal gaSf at common pressures, when 
the distance was about an inch, the discharge 
was accompanied by short brushes on the ends, 
and a dark interval of half an mch or more be- 
tween them, notwithstanding the discharge had 
the sharp quick sound of a dull spark, and 
could not have depended in the dark part on 
convection (1562). 

1557. This gas presents several curious points 
in relation to the bright and da^k parts of spark 
discharge. Wh^ bright sparks passed between 
the rod ends 0.3 of an inch in diameter (1544), 


very suddan dark parts would oecm next to 
the hrightei^ portions of the spark. Again, with 
these ^ds and also with balls (1422), the Mght 
sparks would be sometimes red, sometimes 
green, and occasionally green and red in differ- 
ent parts of the same spark. Again, in the e3&- 
periments described (1518), at eeriain inter- 
vals a very peculiar pale, dull, yet sudden dis- 
charge would pass, which, though apparently 
weak, was very direct in its course, and accom- 
panii^ by a sharp snapping noise, as if quick in 
its occurrence. 

1558. Hydrogen frequently gave peculiar 
sparks, one part being bright red, whilst the 
other was a dull pale gray, or else the whole 
spark was dull and peculiar. 

1559. Nitrogen presented a very remarkable 
discharge, between two balls of the respective 
diameters of 0.15 and 2 inches (1506, 1518), 
the smaller one being rendered negative either 
directly or inducteously . The peculiar discharge 
occurs at intervals between 0.42 and 0.68, and 
even at 1.4 inches when the large ball was in- 
ductric positively; it consisted of a little brushy 
part on the small negative ball, then a dark 
space, and lastly a dull straight line on the 
large positive ball (PI. XI, Fig, 7), The posi- 
tion of the dark space was very constant, and 
is probably in direct relation to the dark space 
described when negative glow was produced 
(1544). When by any circumstance a bright 
spark was determined, the contrast with the 
peculiar spark described was very striking; for 
it always had a faint purple part, but the place 
of this part was constantly near the positive 
ball. 

1560. Thus dark discharge appears to be de- 
cidedly established. But its establishment is ac- 
companied by proofs that it occurs in different 
degrees and modes in different gases. Hence 
then another specific action, added to the many 
(1296, 1398, 1399, 1423, 1454, 1503) by which 
the electrical relations of insulating dielectrics 
are distinguished and established, and another 
argument in favour of that molecular theory 
of induction, which is at present under exam- 
ination.^ 

1561. What I have had to say regarding cBs- 
ruptive discharge has extended to some length, 
but I hope will be excused in consequence of 
theimportanceofthesubject.Beforecondiuding 
my remarks, I will again intimate in ih& f<xrm 

1 1 cannot rctist referring here by a note to B|ot*s 
philoeophieal view of the nature of the light of flbe 
dectrio diadutfge, Annates de ChmiUt Uu, 
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we haTiei^ jmeon 

tiie ^eaamn or retentioii aod after die- 
^rge m ^ or other insulating dielectrics, as 
the same thing with retardation and dischaige 
in a metal wire, differing only, but almost in* 
finitdy, in degree (1334, 1336). In other words, 
d^'we not, by a gradual chain of association, 
osrry tip discharge from its occurrence in ab, 
through spermaceti and water, to solutions, 
and then on to chlorides, oxides and metals, 
without any essential change in its character; 
and, at the same time, connecting the insen- 
sible conduction of air, through muriatic acid 
gas and the dark discharge, with the better 
conduction of spermaceti, water, and the all 
but perfect conduction of the metals, associate 
the phenomena at both extremes? and may it 
not be, that the retardation and ignition of a 
wire are effects exactly correspondent in their 
nature to the retention of charge and spark in 
sir? If so, here again the two extremes in prop- 
erty amongst dideotrics will be found to be in 
intimate relation, the whole difference prob- 
ably dep^ding upon the mode and degree in 
which liieir particles polarise under the influ- 
ence of inductive actions (1338, 1603, 1610). 

% X. C<moectUmy or Carrying Discharge 

1562. The last kind of discharge which I 
have to consider is that ^ected by the motion 
xA chaiged particles from place to place. It is 
apparently very different in its nature to any 
of the former modes of discharge (1319), but, 
as the result is the same, may be of great im- 
portance in illustrating, not merely the nature 
of discharge itself, but also of what we call the 
dectric curr^t. It often, as^ before observed, 
in cases of brush and glow (1440, 1535), joins 
its effect to that of disruptive discharge, to 
jBom{dete the act of neutralization amongst the 
electric forces. 

1563. The particles which bdng charged, then 
travel, may be either of insulating or conduct- 
mg matter, large or small. The consideration 
in the^ first place of a large particle of conduct- 
mjg matter may perhaps help our conceptions. 

1564. A copper boiler 3 feet in diameter was 
insulated and electrified, but so feebly that dis- 
tipeticm by Inuflites or disruptive discbaige did 

occur at its edges or projecting parts in a 
senmbie degree. A brass ball, 2 inches in di- 
ameter, suspended by a cleah white silk thread, 
was brought towards it, and it was found that, 

^ baU was held t<^ a second or two near 
Im part of the charged surface of the boiler^at 
distance (two incfafis more or less) as nc^ 


lo receive imy direi^cii^^ 
itself (hatged, idthough ks^te^ Ihe whole 
time; and its electricity was the revermxA that 
of the boiler. 

1565. This effect was the strongest opposite 

the edges and projecting parts of the toiler, 
and weaker opposite the sides, or those 
tended portions of the surface wkeh, according 
to Coulomb’s results, have the weakest charge. 
It was very strong opposite a rod projecting a 
little way horn the boiler. It occurred when the 
copper was charged negatively as well as posi- 
tivrfy: it was produced also with small balls 
down to 0.2 of an inch and less in diameter, 
and also with smaller charged conductors than 
the copper.* It* is, indeed, hardly possible in 
some cases to carry an insulated baU within an 
inch or two of a charged plane or convex sur- 
face without its receiving a charge of the con- 
trary kind to that of the surface. \ 

1566. This effect is one of induction bet'll] 
the bodies, not of communication. The ball, 
when related to the positive charged surface by 
the intervening dielectric, has its opposite sides 
brought into contrary states, that side towards 
the boiler being negative and the outer side 
positive. More inductric action is directed to- 
wards it than would have passed across the 
same place if the ball had not been there, for 
severd reasons; amongst others, because, be- 
ing a conductor, the resistance of the particles 
of the dielectric, which otherwise would have 
been there, is removed (1298); and also, be- 
cause the reacting positive surface of the ball 
being projected farther out from the boiler 
than when there is no introduction of conduct- 
ing matter, is more free therefore to act through 
the rest of the dielectric towards surrounding 
conductors, and so favours the exaltation of 
that inductric polarity which is directed in its 
course. It is, as to the exaltation of force upon 
its outer surface beyond that upon the induc- 
tric surface of the boiler, as if the latter were 
itself protuberant in that direction. Thus it ac- 
quires a state like, but higher than, that of the 
surface of the boiler which causes it; and suf- 
ficiently exalted to discharge at its positive sur- 
face to the air, or to affect small {xirtkles, as it 
b itself affect^ by the boiler, and they Bying 
to it, take a charge and pass off; and so the 
bdl, as a whde, is brought kto ihe contrary 
inducteous state. The consequence is,' that) if 
free to move, its tendency, under the influence 
of all the foroiesr to approach the toiler is k- 
oreased, whUst it the same time becomes 
iimre and more exidted k ik ecmditk^ 
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p6Uutity and a)b a ae^tai^ dia- 

taaee, dladwfe talm plaae, it ac<|ciim 
same state as &e boiler, is reeled, and past- 
mg to that oonduetor moat favouraUy circum- 
stanced to discharge it, there resumes its first 
indifferent condition. 

1567. It seems to me, that the manner in 
which inductric bodies affect uncharged float- 
ing or moveable conductors near them, is very 
frequently of this nature, and generally so when 
it Bids in a carr 3 ring operation (1562, 1602). 
The manner in which, whilst the dominant in- 
ductric body cannot give off its electricity to 
the air, the inducteous body can effect the dis- 
charge of the same kind of force, is curious, 
and, in the case of elongated or irregularly 
shaped conductors, such as filaments or parti- 
cles of dust, the effect will often be very ready, 
and the consequent attraction imm^iate. 

1568. The effect described is also probably 
influential in causing those variations in spark 
discharge referred to in the last series (1386, 
1390, 1391) : for if a particle of dust were drawn 
towards the axis of induction between the bails, 
it would tend, whibt at some distance from 
that axis, to commence discharge at itself, in 
the manner described (1566), and that com- 
mencement might so far facilitate the act (1417, 
1420) as to make the complete discharge, as 
spark, pass through the particle, though it 
might not be the shortest course from ball to 
ball. So also, with equal balls at equal dis- 
tances, as in the experiments of comparison al- 
ready described (1493, 1506), a particle being 
between one pair of balls would cause discharge 
there in preference; or even if a particle were 
between each, difference of size or shape would 
give one for the time a predominance over the 
other. 

1569. The power of particles of dust to carry 
off electricity in cases of high tension is well 
known, and I have already mentioned some in- 
stances of the kind in the use of the inductive 
apparatus (1201). The general operation is very 
well shown by large light objects, as the toy 
called the electrical spider; or, if smaller ones 
are wanted for phUosopbical investigation, by 
the smoke of a glowing greet wax taper, which, 
presenting a successive stream of such parti- 
cles, malm tiieir course visible. 

1570. On using oU of turpentine as the di- 
riectric, the action and course of small con- 
ducting carrying pcutioles in it can be well ob* 
served. A few short pieces of thread will supi^y 
the place of cacriese, and t^ progresdve ac- 
tion Mieaeeedini^ interesting* < . ^ • 
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nil d turj^nrine, which, whether it was doe te 
the carrying power of the ps^oles in it, or to 
any other action of them, is perhaps as yet 
doubtful. A portion of that fluid in a glass ves- 
sel had a large uninsulated diver dii^ at the 
bottom, and an electrified metal rod with a 
round termination dipping into it at tlie'top. 
The insulation was very ^od, and the attrac- 
tion and other phenomena striking. The rod 
end, with a drop of gum water attached to it; 
was then electrified in the fluid; the gum water 
soon spun off in fine threads, and was quickly 
dissipated through the oil of turpentine. By 
the time that four drops had in this way been 
commingled with a pint of the dielectric, the 
latter h^ lost by far the greatest portion of its 
insulating power; no sparks could be obtained 
in the fluid; and all the phenomena dependent 
upon insulation had sunk to a low degree. The 
fluid was very slightly turbid. Upon being fil- 
tered through paper only, it resumed its first 
clearness, and now insulated as well as before. 
The water, therefore, was merely diffused 
through the oil of turpentine, not combined 
with or dissolved in it: but whether the minute 
particles acted as carriers, or whether they 
were not rather gathered together in the line of 
highest inductive tension (1350), and there, 
being drawn into elongated forms by the elec- 
tric forces, combined their effects to produce a 
band of matter having considerable conduct- 
ing power, as compared with the oil of turpen- 
tme, is as yet questionable. 

1572. The analogy between the action of 
solid conducting carrying particles and that of 
the charged particles of fluid insulating sub- 
stances, acting as didectrics, is very evident 
and simple; but in the latter cose the result 
necessarily, currents in the mobile media* Par- 
ticles are brought by inductric action into a 
polar state; and the latter after rising to a cer- 
tain tension (1370), is followed by t^e com* 
munication of a part of the force originally on 
the conductor; the particles ccmsequently bo- 
come charged, and then, under the joint infliH 
enoe of the repellent and attractive forces, aro 
urged towards a discha^ng place, or to tl^ 
spot where these inductric forces are most eai^ 
compensated by the contrary inducteous fbrbW 

' ' ‘/'u' 

1573. Wxy a point aiwuld be so eKeee#i|^ 
favoarablQ: to t^ {ooduetaon of eurreete in a 
fluid ktsoiating (Mectric, as air, 

dent. It k at tbe extoenity of thape^ that 
the intenffity necessary to ikuage titetairia&Bb 
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acquired (1B74); it is Ir^ tbectoe thiat the 
dharged particle recedes; dnd the mechanical 
force which it impresses on the air to form a 
euiT^t is in every way favoured by the shape 
and position of the rod, of which the point 
foims the termination. At the same time, the 
point, having become the origin of an active 
mechanical force, does, by the very act of caus- 
ing that force, namely, by discharge, prevent 
any other part of the rod from acquiring the 
same necessary condition, and so preserves and 
sustains its own predominance. 

, 1574. The very varied and beautiful j^ie- 
nomena produced by sheltering or enclosing 
the point, illustrate the production of the cur- 
rent exc^ingly well, and justify the same 
conclusicms; it being remembered that in such 
cases the effect upon the discharge is of two 
kinds. For the current may be interfered with 
by stopping the access of fredh uncharged air, 
or retarding the removal of that which has 
been charged, as when a point is electrified in a 
tube of insulating matter closed at one extrem- 
ity; or the electric cmdition of the point itself 
may be altered by the relation of other parts in 
its neighbourhood, also rendered electric, as 
when the point is in a metal tube, by the metal 
itself, or when it is in the glass tube, by a simi- 
lar action of the charged parts of the glass, or 
even by the surrounding air which has been 
charged, and which cannot escape. 

1576. Whenever it is intended to observe 
such inductive phenomena in a fluid dielectric 
as have a direct relation to, and dependence 
upon, the fluidity of the medium, such, for in- 
^ance, as discharge from points, or attractions 
and repulsions, 4:c., then the mass of the fluid 
diould be great, and in such proportion to the 
distance between the inductiic and inducteous 
surfaces as to include all the lines of inductive 
force (1369) between them; otherwise, the ef- 
fects of currents, attraction, &c., which are the 
resultants of all these forces, cannot be ob- 
tained. The phenomena which occur in the 
<^n air, or in the middle of a globe filled with 
oil of turpentine, will not take place in the 
same media if confined in tubes of glass, shel- 
lac, sulphur, or other such substances, though 
th^ be excdlent insulating dielectrics; nm^ can 
they be expected: for in such cases, the polar 
forces, instead of bemg all dispers^ amongst 
Mid particles which taid to move under their 
infiuence, are now associated in many parts 
vntii pastideslhat, notwithstanding their tend- 
lUEitiy to motion, are eemstrained by their solid- 
itgr to remain quiesiceiit. 


1576. Thevamdcmumstaimesunderwhich, 
with conductors differently formed and con- 
stituted, currents mi occur, aU illustrate the 
same simplicity of production. A baU, if the in- 
tensity be rais^ sufficiently on its surface, and 
that intensity be greatest on a part consistent 
with the production of a current of air up to 
and off from it, will produce the effect like a 
point (1537); such is the case whenev^ the 
glow occurs upon a ball, the current being es- 
sential to that phenomenon. If as large a sphere 
as can well be employed with the production of 
glow be used, the glow will appear at the place 
where the current loaves the ball, and that will 
be the part directly opposite to the connection 
of the ball afief rod which supports it; bufc by 
increasing the tension elsewhere, so as to raise 
it above the tension upon that spot, whichWn 
easily be effected inductively, then the place of 
the ^ow and the direction of the current will 
also change, and pass to that spot which tor 
the time is most favourable for their produc- 
tion (1591), 

1577. For instance, approaching the hand 
towards the ball will tend to cause brush ( 1 539) , 
but by increasing the supply of electricity the 
condition of glow may he preserved; then on 
moving the hand about from side to side the 
position of the glow will very evidently move 
with it, 

1578. A point brought towards a glowing 
ball would at twelve or fourteen inclies dis- 
tance make the glow break into brush, but 
when still nearer, glow was reproduced, prob- 
ably dependent upon the discharge of wind or 
air passing from the point to the ball, and this 
glow was very obedient to the motion of the 
point, following it in every direction. 

1579. Even a current of wind could affect 
the place of the glow; for a varnished glass tube 
being directed sideways towards the ball, air 
was sometimes blown through it at the ball 
and sometimes not. In the former case, the 
place of the glow was changed a little, as if it 
were blown away by the current, and this is 
just the result which might have been antici- 
pated. All these effects illustrate beautifully the 
general causes and relations, both of the glow 
and the current of air accompanying it (1574). 

1580. Flame facilitates the production of a 
current in the dielectric surrounding it. Thus, 
if a ball which would not occasion a current in 
the air have a flame, whether large or small, 
formed on its surface, the current is produced 
with the greatest ease; but not the least diffi-* 
culty can occur in comprehending the i^ective 
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action of the Same m this case, if its relation, 
as part of the surrounding dielectric, to the 
electrified ball, be but for a moment considered 
(1375, 1380). 

1581. Conducting fluid terminations, instead 
of rigid points, illustrate in a very beautiful 
manner the formation of the currents, with 
their effects and influence in exalting the con- 
ditions under which they were commenced. 
Let the rounded end of a brass rod, 0.3 of an 
inch or thereabouts in diameter, point down- 
wards in free air; let it be amalgamated, and 
have a drop of mercury suspended from it; and 
then let it be powerfully electrized. The mer- 
cury will present the phenomenon of glow\ a 
current of air will rush along the rod, and set 
off from the mercury directly downwards; and 
the form of the metallic drop will be slightly af- 
fected, the convexity at a small part near the 
middle and lower part becoming greater, whilst 
it diminishes all round at places a little removed 
from this spot. The change is from the form of 
a (PL XI, Fig. 8) to that of 6, and is due al- 
most, if not entirely, to the mechanical force of 
the current of air sweeping over its surface. 

1582. As a comparative observation, let it be 
noticed, that a ball gradually brought towards 
it converts the glow into brushes, and ulti- 
mately sparks pass from the most projecting 
part of the mercury. A point does the same, 
but at much smaller distances. 

1683. Take next a drop of strong solution of 
muriate of lime; being electrified, a part will 
probably be dissipated, but a considerable por- 
tion, if the electricity be not too powerful, will 
remain, forming a conical drop (PI. XI, Fig. 
9)f accompanied by a strong current. If glow 
be produced, the drop will be smooth on the 
surface. If a short low brush is formed, a mi- 
nute tremulous motion of the liquid will be 
visible; but both effects coincide with the prin- 
cipal one to be observed, namely the regular 
and successive charge of air, the formation of a 
wind or current, and the form given by that 
current to the fluid drop. If a discharge ball be 
gradually brought toward Ihe cone, sparks will 
at last pass, and these will be from the apex of 
the cone to the approached ball, indicating a 
considerable degree of conducting power in 
this fluid. 

1584. With a drop of water, the effects were 
of the same kind, and were best obtained when 
a portion of giim water or of syrup hung from a 
ball (PL XI, Fig. 10). When the machine was 
worked sbwly, a fine large quiet conical <kop, 


with concavdateral outiine, and a small rounded 
end, was produced, on which the glow appealed, 
whilst a steady wind issued, in a direction from 
the point of the cone, of sufficient force to de- 
press the surface of uninsulated water held op- 
posite to the termination. When the machine 
was worked more rapidly some of the water 
was driven off; the smaller pointed portion 
left was roughish on the surface, and the sound 
of successive brush discharges was heard. With 
still more electricity, more water was dispersed ; 
that which remained was elongated and con- 
tracted, with an alternating motion; a stronger 
brush discharge was heard, and the vibrations 
of the water and the successive discharges of 
the individual brushes were simultaneous. When 
water from beneath was brought towards the 
drop, it did not indicate the same regular strong 
contracted current of air as before; and when 
the distance was such that sparks passed, the 
water beneath was attracted rather than driven 
away, and the current of air ceased. 

1585. When the discharging ball was brought 
near the drop in its first quiet glowing state 
(1582), it converted that glow into brushes, 
and caused the vibrating motion of the drop. 
When still nearer, sparks passed, but they were 
always from the metal of the rod, over the sur- 
face of the water, to the point, and then across 
the air to the ball. This is a natural conse- 
quence of the deficient conducting power of 
the fluid (1584, 1585). 

1586. the drop vibrated, changing its 
formbetweentheperiodsofdischargingbrushes, 
so as to be more or less acute at particular in- 
stants, to be most acute when the brush issued 
forth, and to be isochronous in its action, and 
how the quiet glowing liquid drop, on assum- 
ing the conical form, facilitated, as it were, the 
first action, are points, as to theory, so evi- 
dent, that I will not stop to speak of them. The 
principal thing to obs^e at present is, tixe 
formation of the carrying current of air, and 
the manner in which it exhibits its existence 
and influence by giving form to the drop. 

1587. That the drop, when of water, or a 
better conductor than water, is formed into a 
cone principally by the current of air, is shown 
amongst otker ways (1594) thus. A diarp pQimt 
b^g held opposite the conical drop, the letter 
soon lost its pointed form; was retracted^ mvl 
became round ; the curr^t of air from it oeased> 
and was replaced by one from: the point 1^ 
neath, whi<^, if the Utter were hdkl nearenoiil^ 
to the drop, actually blew it aside* and ten* 
dered it concave in form. 
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; 1 It ia hitrctf y tieeassaiy to my what 
]^6d with still vrorm conductors than water, 
IMS dl, or oil of turpentihel; the fltdd itsdf was 
then spun out into threads and carried off, not 
tudy ^because the air rushing over its surface 
helped to sweep it away, hut also because its 
InSidating particles assumed the same charged 
as the particles of air, and, not being able 
to discharge to them in a much greater degree 
than the air particles themselves could do, were 
carried off by the same causes which urged 
thesO in their course. A similar effect with 
melted sealing-wax on a metal point forms an 
old and well-known experiment. 

1589. A drop of gum water in the exhausted 
receiver of the air-pump was not sensibly af- 
fected in its form when electrified. When air 
was let in, it began to show change of shape 
wh^ the pressure was ten inches of mercury. 
At the pressure of fourteen or fifteen inches the 
cbtmge was more sensible, and as the air in- 
creased in density the eff^ts increased, until 
ibey were the same as those in the open at- 
mosphere. The diminished effect in the rare air 
I refer to the relative diminished energy of its 
current; that diminution depending, in the first 
place, on the lower electric condition of the 
dectrified ball in the rarefied medium, and in 
the next, on the attenuated condition of the di- 
electric, the cohesive force of water in relation 
to rarefied air being something like that of 
mercury to dense air (1581), whilst that of 
Water in dense air may be compared to that of 
mercury in oil of turpentine (1597). 

1590. When a ball is covered with a thick 
conducting fluid, as treacle or syrup, it is easy 
! inductive action to determine the wind from 
atoost any part of it (1577); the experiment, 
Which before was of rather diflicult perform- 
imce, being rendered facile in consequence of 

fluid enabling that part, which at first was 
in its action, to rise into an exalted con- 
dition by assuming a pointed form. 

1591. To produce the current, the electric in- 
t«nsi^ muiU rise and continue at one spot, 
namely at theori^!! of the current, higher than 
eiy^here, a&d thm, air having a uniform and 
Mdy acdws, tixe <cun^ is produced. If no 
mri^t be ^owed (1574), then discharge may 

placoiby brush or spark. But whether it 
' be by brutii or spark, or wind, it seems very 
vprdsable that the inithd intensity or tension at 
a, particle of a |;iven gaseous dielectiic 
i^liargeS, or commences (flscharge, is, under the 
OtmditionB before expressed; hiways thie same 
<1410). 


1599.. It is not supposed the aSr 

which enters hxto motion is electrified; on the 
contrary, muA that is not charged is carried 
on into the stream. The part which is really 
charged may be but a small proportion of that 
which is ultimately set in motion (1442). 

1593. When a drop of gum water (1584) is 

made negativef it presents a larger cone than 
when made positive; less of the fiuid is thrown 
off, and yet, when a ball is approached, sparks 
can hardly be obtained, so pointed is the cone, 
and so free the discharge. A point held oppo- 
site to it did not cause the retraction of the 
cone to such an extent as when it was positive. 
All the effects^re so different from thos^ pre- 
sented by the positive cone that I ha^ no 
doubt such drops would present a very insWc- 
tive method of investipting the different* of 
positive and negative discharge in air and omer 
dielectrics (1480, 1501). i 

1594. ThatImaynotbemisunderstood(1587), 
I must observe here that I do not consider the 
cones produced as the result only of the cur- 
rent of air or other insulating dielectric over 
their surface. When the drop is of badly con- 
ducting matter, a part of the effect is due to 
the electrified state of the particles, and this 
part constitutes almost the whole when the 
matter is melted sealing-wax, oil of turpentine, 
and similar insulating bodies (1588). But even 
when the drop is of good conducting matter, as 
water, solutions, or mercury, though the effect 
above spoken of will then be insensible (1607), 
still it is not the mere current of air or other di- 
electric which produces all the change of form; 
for a part is due to those attractive forces by 
which the charged drop, if free to move, would 
travel along the line of strongest induction, 
and not being free to move, has its form elon- 
gated until the sum of the di^erent forces tend- 
ing to produce this form is balanced by the 
cohesive attraction of the fluid. The effect of 
the attractive forces are well shown when trea- 
cle, gum water, or syrup is used; for the long 
threes which spin out, at the same time that 
they form the axes of the currents of air, which 
may still be considered as determined at their 
points, are like flexible cmiduetors^ and shew 
by their directions in what way the attractive 
forces draw them. 

1595. When the phenomena of currents are 
observed in dense insuiatang dielectrics, they 
present us with extraordinary degrees d me- 
ehamcal lorqei Thus, if a pint of wril-«6ctified 
and filtoed <iS71) oU of tuipentinebe put Into 
a vessel^ and two wim be dippedi^ it 
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is dtfiermt plam/ and leading to 
sxachine, and tfaeotiier toihe trai^ 

on woxlixig the nutcfaine the fluid will be thrown 
into violent motion throughout its whole mass, 
whilst at'the same time it will rise two» three 
or four inches up the machine wire, and dart 
off in jets from it into the air. 

15^. If very clean uninsulated mercury be 
at the bottom of the fluid, and the wire from 
the machine be terminated either by a ball or a 
point, and also pass through a glass tube ex- 
tending both above and below the surface of 
the oil of turpentine, the currents can be better 
observed, and will be seen to rush down the 
wire, proceeding directly from it towards the 
mercury, and there, diverging in all directions, 
will ripple its surface strongly, and mounting 
up at the sides of the vessel, will return to re- 
enter upon their course. 

1597. A drop of mercury being suspended 
from an amalgamated brass ball, preserved its 
form almost unchanged in air (1581) ; hxtt when 
immersed in the oil of turpentine it became 
very pointed, and even particles of the metal 
could be spun out and carried off by the cur- 
rents of the dielectric. The form of the liquid 
metal was just like that of the syrup in air 
(1584), the point of the cone being quite as 
fine, though not so long. By bringing a sharp 
uninsulated point towards it, it could also be 
effected in the same manner as the syrup drop 
in air (1687), though not so readily, because of 
the density and limited quantity of the dielec- 
tric. 

1598. If the mercury at the bottom of the 

fluid be connected with the electrical machine, 
whilst a rod is held in the hand terminating in 
a ball three quarters of an inch, less or more, 
in diameter, and the ball be dipped into the 
electrified fluid, very striking appearances en- 
sue. When the ball is raised again so as to be at 
a level nearly out of the fluid, large portions of 
the latter will seem to cling to it (PI. XI, Fig, 
11). If it be raised higher, a colui^ of the oil of 
turpentine will still ootmeot it with that in the 
basin below {Fig. 1£). If the machine be ex- 
cited into more poweiM action, this will be- 
come more bulky, and may then also be raised 
higher, asguming the form {Fig. IS); and ail 
the time that theaie effects eontinue^ currents 
and oountOrNCurrentBi sometimes running very 
close together, may be observed in the raised 
column fluid. . i , 

1599. Jt is vergr difficult to decide by 

the direetioh of the cumnts in such wpmr 
^ti ae #Me^; U^paHinles of sQk are intros 


dueed they c3iag ^sfcout the oonductdm^ but 
udbug droj^ of water and mercury, the courseifl 
the fluid dielectrie seems wdl indicated. Thus^ 
if a drop of water be placed at the end of a rod 
(1571) over the uninsulated mercury, it is soon 
swept away in particles streaming downwar(hi 
towards the mercury. If another drop be placed 
on the mercury beneath the end of the rod, it 
is quickly dispersed in all directions in ihe form 
of streaming particles, the attractive forces 
drawing it into elongated portions, and the 
currents carrying them away. If a drop of m^ 
cury be hung from a ball used to raise a columh 
of the fluid (1598), toen the shape of toe drc^ 
seems to show currents travelling in the fluid 
in the direction indicated by the arrows (PL 
XI, Fig. 14). 

1600. A very remarkable effect is produced 
on these phenomena, connected vdth positive 
and negative charge and discharge, namely that 
a ball charged positively raises a much higher 
and larger column of the oil of turpentine than 
when charged negatively. There can be no doubt 
that this is connected with the difference of 
positive and negative action already spoken of 
(1480, 1525), and tends much to strengthen 
the idea that such difference is referable to the 
particles of the dielectric rather than to the 
charged conductors, and is dependent upon 
toe mode in which these particles polarize (1508, 
1523). 

1601. Whenever currents travel in insulating 
didectrics they really effect discharge; and it is 
important to observe, though a very natursd 
result, that it is indifferent which way toe cur- 
rent or particles travel, as with reversed direct 
tion their state is reversed. The change is easily 
made, either in air or oil of turpentine, between 
two opposed rods, for an insulated ball being 
placed in connexion with either rod and brought 
near its extremity, will cause the current to set 
towards it from toe opposite end. 

1602. The two currents often occur at onc^^ 
as wh^ both terminations present brushes, and 
frequently wb^ they exhibit the glow (1531)1 
In such cases, toe charged particles, or many 
of toem^ meet and mutually discharge eaelc 
other (1548^ 1612)* If a smol^ wax tapsr be 
held at toe end of m insulating rod towie^ i 
charged prime conductor, it will 

happen two currents will form, ofld 
rendered visible by its vapour, one passingitoa ' 
fifle filament of emoky pa^des dn^y to 
charged conductor, a^d toe 
directly firdm toe same tapmr 
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and from oonductor: the prindiples of in* 
duetric aetion and charge, wMoh were referred 
to in considering the relation of a carrier ball 
and a conductor (1566), being here also called 
into play. 

1603. The general analogy and, I think I 
may say, identity of action found to exist as to 
insulation and conduction (1338, 1561) when 
bodies, the best and the worst in the classes of 
insulators or conductors, were compared, led 
me to believe that the phenomena of convection 
in badly conducting media were not without 
tiheir parallel amongst the best conductors, 
such even as the metals. Upon consideration, 
the cones produced by Davy^ in fluid metals, 
as mercury and tin, seemed to be cases in point, 
and probably also the elongation of the metal- 
lic medium through which a current of electric- 
ity'was passing, described by Ampere (1113);* 
for it is not difficult to conceive, that the dim- 
inution of convective effect, consequent upon 
the high conducting power of the metallic m^ia 
used in these experiments, might be fully com- 
pensated for by the enormous quantity of elec- 
tricity passing. In fact, it is impossible not to 
expect some effect, whether sensible or not, of 
the kind in question, when such a current is 
passing through a fluid offering a sensible re- 
ristance to the passage of the electricity, and, 
thereby, giving proof of a certain degree of in- 
sulating power (1328). 

1604. 1 endeavoured to connect the convec- 
tive currents in air, oil of turpentine, <&c., and 
those in metals, by interm^iate cases, but 
found this not easy to do. Qn taking bodies, 
for instance, which, like water, acids, solutions, 
fused salts or chlorides, &c., have intermediate 
conducting powers, the minute quantity of 
electricity which the common machine can sup- 
{dy (371, 861) is exhausted instantly, so that 
the cause of the phenomenon is kept either 
very low in intensity, or the instant of time 
during which the effect lasts is so small that 
one cannot hope to observe the result sought 
for. If a voltaic battery be used, these bodies 
are all electrolytes, and the evolution of gas, or 
the production of other changes, interferes and 
preventii observation of the effect required. 

1605. There are, nevertheless, some expert* 
tnenls which illustrate the connection. Two 
piatina wires, foiming thedectrodes of a power- 
ful voltaic battery, were placed side by side. 
Mar each other, in distilled water hermetically 

' i nUoaot^kal TramaHtotitt 1823, p. 155. 

» UniverMe, XXI, 47. 


sealed up in a strong ^ass tube, some nmmte 
vegetable fibres being present in the water. 
When, from the evolution of gas and the cooh 
sequent increased pressure, the bubbles formed 
on the electrodes were so small as to produce 
but feebly ascending currents, then it could be 
observed that the filaments present were at- 
tracted and repelled between the two wires, as 
they would have been between two oppositely 
charged surfaces in air or oil of tuipentine, 
moving so quickly as to displace and disturb 
the bubbles and the currents which these tended 
to form. Now I think it cannot be doubted 
that under similar circumstances, and with an 
abundant stlplily of electricity, of suflupient 
tension also, convective currents might nave 
been formed; the attractions and repulsions of 
the filaments were, in fact, the elements of ^ch 
currents (1572), and therefore water, though 
almost infinitely above air or oil of turpentine 
as a conductor, is a medium in which similar 
currents can take place. 

1606. 1 had an apparatus made (PL XI, Fig. 
15) in which a is a plate of shellac, h a fine 
platina wire passing through it, and having 
only the section of the wire exposed above; c a 
ring of bibulous paper resting on the shellac, 
and d distilled water retained by the paper in 
its place, and just sufficient in quantity to 
cover the end of the wire b; another wire, e, 
touched a piece of tinfoil lying in the water, 
and was also connected with a discharging train ; 
in this way it was easy, by rendering b either 
positive or negative, to send a current of elec- 
tricity by its extremity into the fluid, and so 
away by the wire e. 

1607. On connecting b with the conductor of 
a powerful electrical machine, not the least 
disturbance of the level of the fluid over the 
end of the wire during the working of the ma- 
chine could be observed; but at the same time 
there was not the smallest indication of elec- 
trical charge about the conductor of the ma- 
chine, so complete was the discharge. I conclude 
that the quantity of electricity passed in a 
given time had been too small, when compared 
with the conducting power of the fluid to pro- 
duce the desired effect. 

1608. 1 then charged a large Leyd^ battery 

(291), and discharged it tb^ugh the wire 5, 
interposing, however, a wet thread, two feet 
long, to prevent a spark in the water, and to 
reduce what would else have been a sudden 
violent disdbarge into one of more moderate 
character, enduring for a sensible l^gth of 
time (334). I now a very briefs 
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vation of the water over the e&d of the wire; 
and though a few minute bubbles of gas were 
at the same time formed there, so as to prevent 
me from asserting that the effect was une- 
quivocally the same as that obtained by Davt 
in the metals, yet, according to my best judge- 
ment, it was partly, and I believe principally, 
of that nature. 

1609. I employed a voltaic battery of 100 
pair of four-inch plates for experiments of a 
similar nature wilii electrolytes. In these cases 
the shellac was cupped, and the wire b 0.2 of 
an indi in diameter. Sometimes I used a posi- 
tive amalgamated zinc wire in contact with 
dilute sulphuric acid ; at others, a negative cop- 
per wire in a solution of sulphate of copper; 
but, because of the evolution of gas, the pre- 
cipitation of copper, &c., I was not able to ob- 
tain decided results. It is but right to mention, 
that when I made use of mercury, endeavour- 
ing to repeat Davy’s experiment, the battery 
of 100 pair was not sufficient to produce the 
elevations.^ 

1610. The latter experiments (1609) may 
therefore be considered as failing to give the 
hoped-for proof, but I have much confidence 
in the former (1605, 1608), and in the consider- 
ations (1603) connected with them. If I have 
rightly viewed them, and we may be allowed 
to compare the currents at points and surfaces 
in such extremely different bodies as air and 
the metals, and admit that they are effects of 
the same Idnd, differing only in degree and in 
proportion to the insulating or conducting pow- 
er of the dielectric used, what great additional 
argument we obtain in favour of that theory, 
which in the phenomena of insulation and con- 
duction also, as in these, would link the same ap- 
parently dissimilar substances together (13^, 
1661); and how completely the general view, 
which refers all the phenomena to the direct 
action of the molecules of matter, seems to 
embrace the various isolated phenmuena as 
they successively come under consideration! 

1611. The connection of this convective or 
carrying effect, which depends upon a certain 
degree of insulation, with conduction; i.e., the 
occurrence of both in so many of the substances 
r^erred to, as, for instance, the metals, water, 
&ir, &c., would lead to many very curious the- 

' In the experiments at the Royal Inetitutioni Sir 
H. Davy usra, I think, 500 or 600 pairs of plates. 
Those at the Xiondon Inetittttion were nnuie with the 
apparatus of Mr, Repy^ (qpnsiating of an enorTOUs 
pair of piateB>;d6Sonbed in the PhUosopmeed 
^mnmeUom te 1828 , p. m. 


oretieal generalizalicm, whidii I must not m* 
du^ m here. One point, however, I shall v^- 
ture to refer to. Conduction appears to be ea- 
sentially an action of contiguous particles, and 
the considerations just stated, togetha* witih 
others formerly expressed (1326, 1336, &c.), 
lead to the conclusion, that all bodies conduct, 
and by the same process, air as well as metals; 
the only difference being in the necessary de- 
gree of force or tension between the particles 
which must exist before the act of conduction 
or transfer from one particle to another can 
take place. 

1612. The question then arises, what is this 
limiting condition which separates, as it were, 
conduction and insulation from each other? 
Does it consist in a difference between the two 
contiguous particles, or the contiguous poles of 
these particles, in the nature and amount of 
positive and negative force, no communication 
or discharge occurring unless that difference 
rises up to a certain degree, variable for differ- 
ent boffies, but always the same for the same 
body? Or is it true that, however small the 
difference between two such particles, if time 
be allowed, equalization of force will take place, 
even with the particles of such bodies as air^ 
sulphur or lac? In the first case, insulating 
power in any particular body would be propor- 
tionate to the degree of the assumed necessary 
difference of force; in the second, to the time 
required to equalize equal degrees of difference 
in different bodies. With regard to airs, one is 
almost led to expect a permanent difference of 
force; but in all other bodies, time seems to be 
quite sufficient to ensure, ultimately, complete 
conduction. The difference in the modes by 
which insulation may be sustained, or conduc- 
tion effected, is not a mere fanciful point, but 
one of great importance, as being essentially 
connect with the molecular theory of induc- 
tion, and the manner in which the particles of 
bodies assume and retain their polarized state* 

f xL Relatim ef a Vacuum to Eledrical 
Phenomena 

1613. It would seem strange, if a theory 
which refers all the phenomena of insulation 
and conduction, i«e., all electrical phenomena, 
to the action of contiguous parti<^, were to 
omit to notice the assumed posslUe case af n 
vacuum. Admitting that a vacuum oan be pro- 
duced, it would be a very curious matt^ in- 
deed to know what its relation U deetrieal 
phenomena would be; andaa jribellae and metal 
are directly opposed to each btijuw^ whetiier a 
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muM te opposed to tbam both, and 
allow of induction or oonduotion aoi^ods 

Mr. has said that a vacuum does 

mt ecmduet^; Sir H. Davy concluded from his 
jj^Ves^gatione, that as perfect a vacuum as 
Cpidd made^ did conduct, but does not con* 
aider the prepared spaces wMch he used as ab* 
iWdiute vacua. In such experiments I think 1 
have observed the luminous discharge to be 
principally on the inner surface of the glass; 
and it does not appear at all unlikely that, if 
ihe vacuum refused to conduct, still the sur* 
face of glass next it might carry on that action. 

1614. At one time, when I thought inductive 
force was exerted in right lines, 1 hoped to il* 
tiwtrate this important question by making ex- 
periments on induction with metallic mirrors 
(used only as conducting vessels) exposed to- 
wards a very clear sky at night time, and of 
8U(G1 il concavity that nothing but the firma- 
ment could be visible from the lowest part of 
the. concave n (PI. XI, Fig. 16). Such mirrors, 
when electrified, as by coimection with a Ley^ 
den jar, and examined by a carrier ball, readily 
gave electricity at the lowest part of their con- 
cavity if in a room; but I was in hopes of find- 
ing tl^t, circumstanced as before stated, they 
would give little or none at the same spot, if 
the atmosphere above really terminated in a 
vacuum. I was disappointed in the conclusion, 
for I obtained as much electricity there as be- 
fore; but on discovering the action of induction 
m curved lines (1231), found a full and satis- 
factory explanation of the result. 

1615. My theory, as far as I have ventured 
It, does not pretend to decide upon the conse- 
quences of a vacuum. It is not at present limited 
mBIcientiy, or rendei^ precise enough, either 

experiments relating to spaces void of mat- 
ter, or those of other kinds, to indicate what 
would happen in the vacuum case. I have only 
«B endeavoured to establish, what all tbe 
foefo eeem to prove, that when electrical phe- 
nomena, as those of induction, conduction, in- 
sulation and discharge occur, they depend on, 
and are produced by the action of €anUgu(m$ 
paitkiea of matter, the next existing particle 
bring ocmmdeied^ j^ contiguous one; and I 
have furtimr ewnuued, that these particles are 
pdarised; that earii exhibits the two forces, or 
Him force in two direetionB (1295, 1298); and 
that fh^ act at a disfouee, only by acti^ m 

emtigwm and mtfmnediate partides. 

But.a8Bimiing vacuum 

hw^^etMophi^ SVanritSdeiftll,' 1785, p. 272. 


were to intwireiie ja fihe eouiae ofltlie linei of 
inductive acti<m (1304) , it does net follow from 
this theory, that tiiepaikieies on c^osite sides 
of such a vacuum could not act on each other. 
Suppose it possible for a positively deetrified 
particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views for- 
bids that the particle should act at the dis- 
tance of half an inch on all the particles form- 
ing the inner superficies of the bounding sphere, 
and with a force consistent with the well-^own 
law Of the squares of the distance. But suppose 
the sphere of an inch were full of insulating 
matter, tiie decj;rified partide would not then, 
according to'diy notion, act directly on the 
distant particles, but on those in immediam as- 
sociation with it, employing oZZ its pow^r in 
polarising them; producing in them nega^ve 
force equal in amount to its own positive force 
and directed towards the latter, and positiive 
force of equal amount directed outwards and 
acting in the same manner upon the layer of 
partides next in succession. So that ultimately, 
those particles in the surface of a sphere of 
half an inch radius, which were acted on di- 
rectly when that sphere was a vacuum, will now 
be acted on indirectly as respects the central 
particle or source of action, i.e., they will be 
polarized in the same way, and witii tiie same 
amount of force. 

§ 19. Nature of the Electrical Current 

1617. The word current is so expressive in 
common language that when applied in the 
consideration of electrical phenomena we can 
hardly divest it sufficiently of its meaning, or 
prevent our minds from being prejudiced by it 
(283, 511). I shall use it in its common dectri- 
cal sense, namely to express generally a certain 
condition and relation of dectrical forces sup- 
posed to be in progression. 

1618. A current is produced botii by excite- 
ment and discharge; and whatsoever the varia- 
tion of the two general causes may be, the ef- 
fect remains the same. Thus excitement may 
occur m many ways, as by friction, chemical 
action, influence of heat, t^nge of condition, 
induotion, &q*; and dis^arge has the forms 
of conduction, eleetrolyzation, disruptive dis- 
charge, and convection; yet Ae current con- 
nect^ with these actions, when it oocursi ap- 
pears in aU cases to be the same. This constancy 
in the character of the cuireot, notvdtbdil^^^ 
ing the pBiticokw andgiwatwariritio^ 
xcay be made in ^ inode of its occurir^te^ ^ 
exoeedkgly striking and imiicateat ; andits fo* 
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ply thenKnt open andi advantageonu road to a 
and intimate understanding of the nature 
of electrical forces. 

1619. As yet the phenomena of the current 
have presented nothing in opposition to the 
view I have taken of the nature of induction as 
an action of contiguous particles. I have en-- 
deavoured to divest myself of prejudices and 
to look for contradictions, but I have not per- 
ceived any in conductive, electrolytic, convec- 
tive, or disruptive discharge. 

1620. Looking at the current as a caitse, it 
exerts very extraordinary and diverse powers, 
not only in its course and on the b^ies in 
which it exists, but collaterally, as in inductive 
or magnetic phenomena. 

1621. Electrolytic action. One of its direct ac- 
tions is the exertion of pure chemical force, 
this being a result which has now been exam- 
ined to a considerable extent. The effect is 
found to be constant and definite for the quan- 
tity of electric force dischai'ged (783, Ac.) ; and 
beyond that, the intensity required is in rela- 
tion to the intensity of the affinity or forces to 
be overcome (904, 906, 911). The current and 
its consequences are here proportionate; the 
one may be employed to represent the other; 
no part of the effect of either is lost or gained; 
so that the case is a strict one, and yet it is the 
very case wliich most strikingly illustrates the 
doctrine that induction is an action of contigu- 
ous particles (1164, 1343). 

1622. The process of electrolytic discharge 
appears to me to be in close analogy, and per- 
haps in its nature identical with another proc- 
ess of discharge, which at first seems very dif- 
ferent from it, I mean canvedion (1347, 1672). 
In the latter case the particles may travel for 
yards across a chamter; they may produce 
strong winds in the air, so as to move ma- 
chinery; and in fluids, as oil of tuipentme, may 
even shake the hand, and carry heavy metallic 
bodies about;^ and yet I do not see that the 
force, either in kind or action, is at all diSereat 
to that by whirii a particle of hydrog^ leaves 
one particle of oxygen to go to another, or by 
which a particle of ox^^en travels in the con- 
trary direction. 

^ If a sietikifio vcBsel three or four i&Ches delep, 
^ntaiaing oil of turpentine, be insulated and elects 
fied, and a rod with a ball (an inch or more in duun- 
^r) at the end have the ball immersed in Ihe 
whilst the end is held in the hand, the m^ehaniCal 
force Memted when the ball is moved to end from 
the ddes clthevesiwl will soon be ^dent to'^ ex- 
PwimentervA 


1623; tViavriUlig pii^^ 
feet hhf^al cfaan^ Judt as sirell as ^ 
tact of a fixed platina eleetrode, or that ctf :a 
comburiag electrode, or the ions of a d^mr 
posing dectrolyte (453, 471) ; and in the exper- 
iment formerly described, wh^e eight placies 
of decomposition were rendered active by one 
current (469), and where charged particles of 
air in motion were the only electrical means of 
connecting these parts of the current, it seems 
to me that the action of the particles of tibe 
electrolyte and of the air were essentially the 
same. A particle of air was rendered positive; 
it travelled in a certain determinate direcrion, 
and coming to an electrolyte, communicated 
its powers; an equal amount of positive fin'ce 
was accordingly acquired by another particle 
(the hydrogen), and the latter, so charged, 
travelled as the Wmer did, and in the same di- 
rection, until it came to another parricle, and 
transferred its power and motion, making that 
other particle active. Now, though the particle 
of air travelled over a visible and occasionally 
a large space, whilst the particle of the electro- 
lyte moved over an exceedingly small one; 
though the air particle might be oxygen, nitro- 
gen, or hydrogen, receiving its charge from 
force of high intensity, whilst the electrolytic 
particle of hydrogen had a natural aptness to 
receive the positive condition with extr^e fa- 
cility; though the air particle might be charged 
with very little electricity at a very high m- 
tensity by one process, whilst the hydrogen 
particle might be charged with much electric- 
ity at a very low intensity by another process; 
these are not differences of kind, as r^tes to 
the final discharging action of these partiries, 
but only of degree; not essential differences 
which make things unlike, but such differences 
as give to things, similar in their nature, that 
great variety which fits them for their office In 
system of the universe. 

1624. So when a particle of air, or of dust in 
it, electrified at a negative point, moves on 
through the influence of the inductive forccfi 
(1572) to tiie next positive surface, and aiter 
disch^ge passes away, it seems to me to repre^ 
sent exactly that particle of oxygen 
having been render^ negative in the died^ 
lyte, is urged by the same disposition of 

tive forces, and going to the poritive 
electrode, is there discharged, and then pa^ 
away, as the air or dust did before it. 

1625. Heed k another direct effect of the stir* 
rent upon substances in which it occurs; audit 
beeomesaveryimporinntquestioxi^aetotiieieK 
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lati<mof the electric and beatmg forces, whether 
the latter is always definite in amount.^ There 
are many cases, even amongst bodies which 
conduct without change, that at present are 
irreconcileable with the assumption that it is;^ 
but there are also many which indicate that, 
when proper limitations are applied, the heat 
produced is definite. Harris has shown this for 
a given length of current in a metallic wire, 
using common electricity;^ and De la Rive has 
proved the same point for voltaic electricity by 
his beautiful application of Breguet’s thermom- 
eter/ 

1626. When the production of heat is ob- 
served in electrolytes under decomposition, the 
results are still more complicated. But impor- 
tant steps have been taken in the investigation 
of this branch of the subject by De la Rive® 
and others; and it is more than probable that, 
when the right limitations are applied, con- 
stant and definite results will here also be ob- 
tained. 

1627. It is a most important part of the 
character of the current, and essentially con- 
nected with its very nature, that it is always 
the same. The two forces are everywhere in it. 
There is never one current of force or one fluid 
only. Any one part of the current may, as re- 
spects the presence of the two forces there, be 
considered as precisely the same with any other 
part; and the numerous experiments which im- 
ply their possible separation, as well as the 
theoretical expressions which, being used daily, 
assume it, are, I think, in contradiction with 
facts (511, &c.). It appears to me to be as im- 
possible to assume a current of positive or a 
current of negative force alone, or of the two at 
once with any predominance of one over the 
other, as it is to give an absolute charge to 
matter (516, 1169, 1177). 

1628. The establishment of this truth, if, as 
1 think, it be a truth, or on the other hand the 
disproof of it, is of the greatest consequence. 
If, as a first principle, we can establish that the 
centres of the two forces, or elements of force, 
never can be separated to any sensible dis- 
tance, or at all events not farther than the 

>See De la Rive’s Researohes, Bib, Univeraelle, 
1829, XL. p. 40. 

« Amongst others, Davy, PhUoaophicdl Transact 
iiens, 1821, p. 438. Pelletier’s important results, 
AnnaUa de Chimie, 1834, LVI, p. 371 and Becque- 
r^’s non-heating current, Bib, Univereelle, 1835, LX, 
218. 

PhUoeophioai Tranaadioni, 1824, pp. 225, 228. 

Anrudee de Chimie, 1836. LXII, 177. 

* Bit, Unitered^, 1829, XL, 49; and Ritchie, Phil, 
fVnns. 1832, p. 296. 


space between two contiguous particles (1615), 
or if we can establidi the contrary conclusion, 
how much more clear is our view of what lies 
before us, and how much less embarrassed the 
ground over which we have to pass in attain- 
ing to it, than if we remam hriting between 
two opinionsl And if, with that feeling, we rig- 
idly test every experiment which bears upon 
the point, as far as our prejudices will let us 
(1161), instead of permitting them with a theo- 
retical expression to pass too easily away, are 
we not much more likely to attain the real 
truth, and from that proceed with safety to 
what is at present unknown? 

1629. 1 say.tl^ese things, not, I hope, to /ad- 
vance a particular view, but to draw the strict 
attention of those who are able to investimte 
and judge of the matter, to what must m a 
turning point in the theory of electricity; to a 
separation of two roads, one only of which can 
be right: and I hope I may be allowed to go a 
little further into the facts which have driven 
me to the view I have just given. 

1630. When a wire in the voltaic circuit is 
heated, the temperature frequently rises first, 
or most at one end. If this effect were due to 
any relation of positive or negative as respects 
the current, it would be exceedingly impor- 
tant. I therefore examined several such cases; 
but when, keeping the contacts of the wire and 
its position to neighbouring things unchanged, 
I altered the direction of the current, I found 
that the effect remained unaltered, showing 
that it depended, not upon the direction of the 
current, but on other circumstances. So there 
is here no evidence of a difference between one 
part of the circuit and another. 

1631. The same point, i.e., uniformity in 
every part, may be illustrated by what may be 
considered as the inexhaustible nature of the 
current when producing particular effects; for 
these effects depend upon transfer only, and do 
not consume the power. Thus a current which 
will heat one inch of platina wire will heat a 
hundred inches (853, nete). If a current be sus- 
tained in a constant state, it will decompose 
the fluid in one voltameter only, or in twen- 
ty others if they be placed in the circuit, in 
each to an amount equal to that in the single 
one. 

1632. Again, in cases of disruptive discharge, 
as in the spark, there is frequently a dark part 
(1422) which, by l?rofessor Johnson, has been 
called the neuta^al point;® and this has given 
rise to the use of exprei^ons implying that 

• amirnafde Jmawd, 1834, XXV, p. 67. 
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there are two electriditiies enstiog separatdyy 
which, passing to that spot, there eoxnlmie and 
neutralise each other But if such expressions 
are understood as correctly indicating &at posi- 
tive electricity alone is moving between the 
positive ball and that spot, and negative elec- 
tricity only between the negative ball and that 
spot, then what strange conditions these parts 
must be in; conditions, which to my mind are 
every way unlike those which really occur! In 
such a case, one part of a current would con- 
sist of positive electricity only, and that mov- 
ing in one direction; another part would con- 
sist of negative electricity only, and that mov- 
ing in the other direction; and a third part 
would consist of an accumulation of the two 
electricities, not moving in either direction, 
but mixing up together, and being in a relation 
to each other utterly unlike any relation which 
could be supposed to exist in the two former 
portions of the discharge. This does not seem 
to me to be natural. In a current, whatever 
form the discharge may take, or whatever part 
of the circuit or current is referred to, as much 
positive force as is there exerted in one direc- 
tion, so much negative force is there exerted in 
the other. If it were not so we should have bod- 
ies electrified, not merely positive and nega- 
tive, but on occasions in a most extraordinary 
manner, one being charged with five, ten, or 
twenty times as much of both positive and 
negative electricity in equal quantities as an- 
other. At present, however, there is no known 
fact indicating such states. 

1633. Even in cases of convection, or carry- 
ing discharge, the statement that the current 
is everywhere the same must in effect be true 
(1627); for how, otherwise, could the results 
formerly described occur? When currents of 
air constituted the mode of discharge between 
the portions of paper moistened with iodide of 
potassium or sulphate of soda (466, 469), de- 
composition occurred; and I have since ascer- 
tained that, whether a current of positive air 
issued from a spot, or one of negative air passed 
towards it, the effect of the evolution of iodine 
or of acid was the same, whilst the reversed 
currents produced alkali. So also in the mag- 
netic experiments (307) whether the discharge 
was effected by the introduction of a wire, or 
the occurrence of a spark, or the passage of 
convective currents either one way or the other 
fdepending on the electrified state of the par- 
ticles)^ the result was the same, being in all 
cases dependent upon the perfect current. 

Thomson on Heat and Electricity^ p. 471. 


1634. Hence, the section of a current com- 
pared with other sections of the same current 
must be a constant quantity, if the actions 
exerted be of the same kind; or if of different 
kinds, then the forms under which the effects 
are produced are equivalent to each other, and 
experimentally convertible at pleasure. It is in 
sections, therefore, we must look for identity 
of electrical force, even to the sections of sparks 
and carrying actions, as well as those of wires 
and electrolytes. 

1635. In illustration of the utility and im- 
portance of establishing that which may be the 
true principle, I will refer to a few cases. The 
doctrine of unipolarity, as formerly stated, and 
I think generally understood,* is evidently in- 
consistent with my view of a current (1627) ; 
and the later singular phenomena of poles and 
flames described by Erman and others® par- 
take of the same inconsistency of character. If 
a unipolar body could exist, i.e., one that Could 
conduct the one electricity and not the other, 
what very new characters we should have a 
right to expect in the currents of single electric- 
ities passing through them, and how greatly 
ought they to differ, not only from the com- 
mon current which is supposed to have both 
electricities travelling in opposite directions in 
equal amount at the same time, but also from 
each other ! The facts, which are excellent, have, 
however, gradually been more correctly ex- 
plained by Becquerel,* Andrews® and others; 
and I understand that Professor Ohms® has 
perfected the work, in his close examination of 
all the phenomena; and after showing that sim- 
ilar phenomena can take place with good con- 
ductors, proves that with soap, &c., many of 
the effecte are the mere consequences of the 
bodies evolved by electrolytic action. 

< Erman, AnncUee de Chimie, 1807, LXI, p. 115. 
Davy's ElemenU, p. 168. Biot, Bncydopadia Britan^ 
nica [7th edition], Supp. IV, p. 444. Becquerel, 
Traiti, I, p. 167. De la Rive, Bib. Unit., 1837, VII, 
392. 

• Erman, Anndee de Chimie, 1824, XXV, 278. 
Becquerel, Ibid., XXXVI, p. 329. 

4 Beoquer^, Annatee de vhimie, 1831, XLVI, p. 
283 

• Andrews, PhUoeophieal Magazine, 1836, IX, 182. 

• Bohweigger’s Jahrbtich der Chimie, &a. 1830. 
Heft 8. Not understanding German, it is with ex- 
treme regret I confess 1 have not access, and cannot 
do Justice, to the many most valuable papers in ex- 
perimental electricity published in that language. 1 
take this opportunity also of stating another <nrcum- 
stance whi(m occasions me great trouble, and, as 1 
find by experience, may make me seemingly ryiyadr 
loss of the labours of others: — ^it is a gradum loss of 
memory for some years past; and now, often when I 
read a memoir, I remember that I have seen it be- 
fore, and would have rejoieed if at the rijQ^t time X 
could have recollected and referred to it ih the prog- 
ress of my own papers.— ’M« F. 
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10364 I Qcmdude, therefoire, that the /eda hle^pe from br hf a hot km m 
upon which the doctrine of uhipolarit^r wag coal, the effect ms the game, 
founded are not adverse to that unity and in- 1640. Having thus r^oved the difficulty 
divisibility of character which I have stated out of the way of my views regarding a cur- 
the current to possess, any more than the phe- rent, I did not pursue this curious experiment 
nomena of the pile itself (which might well further. It is probable, that the difference be- 
bear comparison with those of unipolar bod- tween my results and those of M. de la Rive 
ies), are opposed to it. Probably the effects may depend upon the relative values of the 
wMch have been called effects of unipolarity, currents used; for 1 employed only a weak one 
and the peculiar differences of the positive and resulting from two pairs of plates two inches 
negative surface when discharging into air, long and half an inch wide, whilst M.de la Rive 
gases, or other dielectrics (1480, 1525) which used four pairs of plates of sixteen squaxe in- 
have been already referred to, may have con- ches in surface, 
sideiuble relation to each other 

1641. Electrit* discharges in the atmosppere 

1637. M. de la Rive has recently described a in the form of balls of Ire have occasionally 

peculiar and remarkable effect of heat on a been described. Such phenomena appear t(^e 
current when passing between electrodes and a to be incompatible with all that we knov^ of 
fluid.^ It is, that if platina electrodes dip into electricity and its modes of discharge. As tinie 
acidulated water, no change is produced in the is an element in the effect (1418, 1436) it is 
passing current by making the positive elec- sible perhaps that an electric discharge might 
trodehotterorcolder;whereaBmaiingthenegar really pass as a ball from place to place; but as 
tive electrode hotter increased the deflexion of everything shows that its velocity must be al- 
a galvanometer affected by the current, from most inffnite, and the time of its duration ex- 
12^ to 30° and even 45°, whilst making it colder ceedingly small, it is impossible that the eye 
diminished the current in the same high pro- should perceive it as anything else than a tine 
portions. of light. That phenomena of balls of fire may 

1638. That one electrode should have this appear in the atmosphere, I do not mean to 

striking relation to heat whilst the other re- deny; but that they have anything to do with 
mained absolutely without, seem to me as in- the discharge of orffinary electricity, or are at 
compatible with what I conceived to be the all related to lightning or atmospheric electric- 
character of a current as unipolarity (1627, ity, is much more than doubtful. 

1635), and it was therefore with some anxiety 

that I repeated the experiment. The electrodes 1642. All these considerations, and many 
whichlusedwereplatina; the electrolyte, water others, help to confirm the conclusion, drawn 
containing about one sixth of sulphuric acid by over and over again, that the current is an in- 
weigjit; the voltaic battery consisted of two divisible thing; an axis of power, in every part 
pmrs of amalgamat<^ zinc and platina plates of which bo^ electric forces are present in 
in dilute sulphuric acid, and the galvanometer equal amount’ (517, 1627). With conduction 
in the circuit was one with two needles, and and electrolyzation, and even discharge by 

S ave when the arrangement was complete a de- spark, such a view will harmonize without hurt- 
exion of 10° or 12°. ing any of our preconceived notions; but as re- 

1639. Under these circumstances heating lates to convection, a more startling result ap- 

dther electrode increased the current; heating pears, which must therefore be considered, 
both produced still more ^ect. When both 1643. If two balls A and B be electrified in 
were heated, if either were cooled, the effect on opposite states and held within each other’s in- 
the current fell in proportion. The proportion fiuence, the moment they move towards each 
rfFect due to heating this or that electrode other, a current, or those effects which are un* 
varied, but on the whole heating the negative derstood by the woixi current, will be produced, 
seemed to favour the passage of the current Whether A move towards B, or B move in the 
somewhat more than beating the positive, opposite direction towards A, a cuxtent, and in 
"V^ether the apidication of beat were by a both cases having the same direeHon, will re- 
lume applied underneath, or one directed by a , j ^ glad to refer here to the reecate obtamed by 

Mr- Chriaij. wit^nMgaeto^Mtritity. jPkHotwMedl 
! > » 0Mdao Hue in -SiUiMm'./mtmal, 1838, XXIV. 3Vanme(<MM, p. 113, noti$. 

!MI. rent in a wire, thejr eonfinn ewrytl^ tlisli 1 »» 

: UnittntB*, VH, 388. oonten<iin8 for, . - - 
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curr^ in t^e opptMnte4irection» nr ^ni^^fdbnt 
effects, will be pioduoed* 

1644. Or, as charga exists only by induction 
(117S, 1299), and a body wlm electrified is 
necessarily in relation to otiber bodies in the 
opposite state; so, if a ball be electrified posi- 
tively in l^e middle of a room and be thep 
moved in any direction, effects wUl be pro- 
duced, as if a current in the same direction (to 
use the conventional mode of expression) bad 
existed: or, if the ball be negatively electrified, 
and then moved, effects as ff a current in a di- 
rection contrary to that of the motion had been 
formed, will be produced. 

1645. 1 am saying of a single particle or of 
two what 1 have before said, in effect, of many 
(1633). If the former account of currents be 
true, then that just stated must be a necessary 
result. And, though the statement may seem 
startling at first, it is to be considered that, ac- 
cording to my theory of induction, the charged 
conductor or particle is related to the distant 
conductor in &e opposite state, or that which 
terminates the extent of the induction, by all 
the intermediate particles (1165, 1295), these 
becoming polarized exactly as the particles of a 
solid electrolyte do when interposed between the 
two electrodes. Hence the conclusion regard- 
ing the unity and identity of the current in the 
case of convection, jointly with the former cases, 
is not so strange as it might at first appear. 

1646. There is a very remarkable phenome- 
non or effect of the electrolytic discharge, first 
pointed out, I believe, by Mr. Porrett, of the 
accumulation of fluid imder decomposing ac- 
tion in the current on one side of an interposed 
diaphragm.^ It is a mechanical result; and as 
the liquid passes from the positive towards the 
negative dectrode in all the known cases, it 


wluoh arise ht and agatoiat tiie oph^ 
the effect generally is an electric effect.^ Tbpmp 
I have no decisive fact tp quote at preseh%4 
cannot refrain from venturing an opinion, tlM 
the effect is analogous both to combination 
and convection (1623), being a cose of carry- 
ing due to the relation of the diaphragm and 
the fluid in contact with it, through which the 
electric discharge is jointly effect; and fur- 
ther, that the peculiar relation of positive and 
negative small and large surfaces already re- 
ferred to (1482, 1503, 1525), may be the direct 
cause of the fluid and the diaphragm travrir 
ling in contrary but determinate directions. A 
very valuable experiment has been made by 
M. Becquerel with particles of clay,^ which 
will probably bear importantly on this point. 

1648. As long as the terms current and elec- 
tro^ynamic are used to express those rela- 
tions of the electric forces in which progression 
of either fluids or effects are supposed to occur 
(283), so long will the idea of velocity be as- 
sociated with them; and this will, perhaps, be 
more especially the case if the hypothesis of a 
fluid or fluids be adopted. 

1649. Hence has arisen the desii'e of esti- 
mating this velocity either directly or by some 
effect dependent on it; and amongst the en- 
deavours to do this correctly, may be menr* 
tioned especially those of Dr. Watson® in 1748, 
and of Professor Wheatstone^in 1834; the elec- 
tricity in the early trials being supposed to 
travel from end to end of the arrangement, but 
in thelaterinvestigationsadistinction occasion- 
ally appearing to be made between the trans- 
mission of the effect and of the supposed fluid 
by the motion of whose particles that effect as 
produced. 

1650. Electrolytic action has a remarkable 
bearing upon this question of the vebcity oif 


seems to establish a relation to the polar con- the current, especially as connected with the 


dition of the dielectric in which the current 


theory of an electric fluid or fluids. In it there 


exists (1164, 1525). It has not as yet been suf- 
ficiently investigated by experiment; for De la 
Rive says,^ it requires that the water should be 
abadconductor,as, for instance, distilled water, 
the effect not happening with strong solutions; 
whereas, Putro^et says* the contnury is the 
case, and that, the effect is not directly due to 
the electric current. 

1647, Becquerri, in his TraiU de VEIectrh 
has brouglM^ together the considerations 






is an evident transfer of power with the tra.ne- 
fer of each particle of the anion or cathion 
present, to the next pariicles of the cathion or 
anion; and as the amount of power is defini^ 
we ^ve in this way a means of localizing ^ it 
were the force, identifying it by the par)^ 
and dealing it out in successive portions^ 
leads, I thmk, to very striking results, , j 

1651. Suppose, for instance, that wai^ ll 
undergoing decomposition by the powers ol e 

«Vol.,lV.p. 192,197. 

• Trm deVMtfiiBtriciU, 1, p. 285. 

« PhS^oeopfiical Tran$actian$t 1748. 
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voltaic battery. Each particle of hydrogen as it 
moves one way, or of oxygen as it moves in the 
other direction, will tranrfer a certain amount 
of electrical force associated with it in the form 
of chemical affinity (822, 862, 918) onwards 
through a distance, whichisequal to that through 
which the particle itself has moved. This trans- 
fer will be accompanied by a corresponding 
movement in the electrical forces throughout 
every part of the circuit formed (1627, 1634), 
and its effects may be estimated, as, for in- 
stance, by the heating of a wire (853) at any 
particular section of the current however dis- 
tant. If the water be a cube of an mch in the 
side, the electrodes touching, each by a sur- 
face of one square inch, and being an inch apart, 
then, by the time that a ten&i of it, or 25.25 
grains, is decomposed, the particles of oxygen 
and hydrogen throughout the mass may be 
* considered as having moved relatively to each 
other in opposite directions, to the amount of 
the tenth of an inch; i.e., that two particles at 
first in combination will after the motion be 
the tenth of an inch apart. Other motions which 
occur in the fluid will not at all interfere with 
this result; for they have no power of acceler- 
ating or retarding the electric discharge, and 
possess in fact no relation to it. 

1652. The quantity of electricity in 25.25 
grains of water is, according to an estimate of 
the force which I formerly made (861), equal 
to above 24 millions of charges of a large Ley- 
den battery; or it would have kept any length 
of a platina wire a,n inch in diameter 

red-hot for an hour and a half (853). This re- 
sult, though given only as an approximation, 1 
have seen no reason as yet to alter, and it is 
confirmed generally by the experiments and 
results of M. Pouillet According to Mr. Wheat- 
stone’s experiments, the influence or effects of 
the current would appear at a distance of 576, 
000 miles in a second.* We have, therefore, in 
this view of thematter, on theonehand, an enor- 
mous quantity of power equal to a most destruc- 
tive thunder-storm appearing instantly at the 
distance of 576,000 miles from its source, and on 
the other, a quiet effect, in producing which the 
power had taken an hour and a half to travel 
throng the tenth of an inch: yet these are the 
equivalentstoeach other, being effects observed 
atthesections of one and thesame current (1634). 

1658. It is time that I diould call attention 
to the lateral or transverse forces of the cur- 

<Beequerd. TrtM de VSUctrieiU, V, p. 273. 

f PhOovn^i^eal 1834. p. 689. .. 
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rent. Thegreatthings whiehhavebeenachieved 
by Oersted, Arago, Ampere, Davy, De la Rive, 
and others, and the high degree of simplifica- 
tion which has been introduced into their ar- 
rangement by the theory of Ampere, have not 
only done their full service in advancing most 
rapidly this branch of knowledge, but have se- 
cured to it such attention that there is no ne- 
cessity for urging on its pursuit. I refer of 
course to magnetic action and its relations; 
but though this is the only recognised lateral 
action of the current, there is great reason for 
believing that others exist and would by their 
discovery reward a close search for them (951). 

1654. The Uia^etic or transverse action of 
the current seems to be in a most extraorai- 
nary degree independent of those variations or 
modes of action which it presents directly in \ts 
course; it consequently is of the more value to 
us, as it gives us a higher relation of the power 
than any that might have varied with each 
mode of discharge. This discharge, whether it 
be by conduction through a wire with infinite 
velocity (1652), or by electrolyzation with its 
corresponding and exceeding slow motion 
(1651), or by spark, and probably even by con- 
vection, produces a transverse magnetic ac- 
tion always the same in kind and direction. 

1655. It has been shown by several experi- 
menters that whilst the discharge is of the same 
kind the amount of lateral or magnetic force is 
very constant (216, 366, 367, 368, 376). But 
when we wish to compare discharge of differ- 
ent kinds, for the important purpose of ascer- 
taining whether the same amount of current 
will in its different forms produce the same 
amount of transverse action, we find the data 
very imperfect. Davy noticed that when the 
electric current was passing through an aque- 
ous solution it affect^ a magnetic needle,® and 
Dr. Ritchie says, that the current in the elec- 
trol 3 d)e is as magnetic as that in a metallic 
wire,* and has caused water to revolve round a 
magnet as a wire carrying the current would 
revolve. 

1656. Disruptive discharge produces its mag- 
netic effects : a strong spark, passed transversely 
to a steel needle, will magnetise it as well as if 
the electricity of the spark were conducted by 
a metallic wire occupying the line of discharge ; 
and Sir H. Davy has shown that the discharge 
of a voltaic battery in vacuo is affected and has 
motion given to it by approximated magnets.® 

< Philasovhical Transadiomt 1821, p. 426, 

1832 j;>. 294, 
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1667, Thu* the three very different modes of 
discharge, namely, conduction, electrolysation, 
and disruptive discharge, agree in producing 
the important transverse phenomenon of mag- 
netism. Whether convection or carrying dis- 
charge will produce the same phenomenon has 
not been determined, and the few experiments 
1 have as yet had time to make do not enable 
me to answer in the affirmative. 

1658. Having arrived at this point in the 
consideration of the current and in the en- 
deavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction 
which I have ventured to set forth, I am now 
very much tempted to indulge in a few specu- 
lations respecting its lateral action and its pos- 
sible connection with the transverse condition 
of the lines of ordinary induction (1165, 1304).^ 
I have long sought and still seek for an effect 
or condition which shall be to statical electric- 
ity what magnetic force is to current electric- 
ity (1411); for as the lines of discharge are 
associated with a certain transverse effect, so it 
appeared to me impossible but that the lines of 
tension or of inductive action, which of neces- 
sity precede that discharge, should also have 
their correspondent transverse condition or ef- 
fect (951). 

1659. According to the beautiful theory of 
Ampere, the transverse force of a current may 
be represented by its attraction for a similar 
current and its repulsion of a contrary current. 
May not then the equivalent transverse force 
of static electricity be represented by that lat- 
eral tension or repulsion which the lines of in- 
ductive action appear to possess (1304)? Then 
again, when current or discharge occum be- 
tween two bodies, previously under inductrical 
relations to each other, the lines of inductive 
force will weaken and fade away, and, as their 
lateral repulsive tension diminishes, will con- 
tract and ultimately disappear in the line of 
discharge. May not this be an effect identical 
with the attractions of similar currents? i.e., 
may not the passage of static electricity into 
current electricity, and that of the lateral ten- 
sion of the lines of inductive force into the 
lateral attraction of lines of similar discharge, 
have the same relation and dependences, and 
run parallel to each other? 

1660. The phenomena of induction amongst 
currents whidi 1 had the good fortune to dis- 
cover some years ago (6, &c,, 1048) may per- 

> Hefer for further Investigations to 1709 — 1736, 
1838. 


chance here form a connecting link in the series 
of ^ects. When a current is first formed, it 
tends to produce a current in the contrary di- 
rection in all the matter around it; and if that 
matter have conducting properties and be fitly 
circumstanced, such a current is produced. On 
the contrary, when the original current is 
stopped, one in the same direction tends to 
form all around it, and, in conducting matter 
properly arranged, will be excited. 

1661. Now though we perceive the effects 
only in that portion of matter which, being in 
the neighbourhood, has conducting properties, 
yet hypothetically it is probable, that the non- 
conducting matter has also its relations to, and 
is affected by, the disturbing cause, though we 
have not yet discovered them. Again and again 
the relation of conductors and non-conductors 
has been shown to be one not of opposition in 
kind, but only of degree (1334, 1603); and, 
therefore, for this, as well as for other reasons, 
it is probable, that what will affect a conductor 
will affect an insulator also; producing perhaps 
what may deserve the term of the electrotonic 
state (60, 242, 1114). 

1662. It is the feeling of the necessity of 
some lateral connection between the lines of 
electric force (1 1 14) ; of some link in the chain of 
effects as yet unrecognised, that urges me to 
the expression of these speculations. The same 
feeling has led me to make many experiments 
on the introduction of insulating dielectrics 
having different inductive capacities (1270, 
1277) between magnetic poles and wires carry- 
ing currents, so as to pass across the lines of 
magnetic force. I have employed such bodies 
both at rest and in motion, without, as yet, be- 
ing able to detect any influence produced by 
them; but I do by no means consider the ex- 
periments as sufficiently delicate, and intend, 
very shortly, to render them more decisive.* 

1663. 1 think the h 3 rpothetical question may 
at present be put thus: can such considerations 
as those already generally expressed (1658) ac- 
count for the transverse effects of electrical 
currents? are two such currents in relation to 
each other merely by the inductive condition 
of the particles of matter between them, or are 
they in relation by some higher quality and 
condition (1654), which, acting at a diirtaiiiee 
and not by the intermediate particles, has, like 
the force of gravity, no relation to them? 

1664. If the latter be the case, then, when 
electricity is acting upon and in matter, its 
direct and its , transverse action are esscnr 

» See imwards 1711 — 1726.— l>#c, 1838. 
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if fima eotrect, wiM depend ttpoh tiie eon- 
tigisone particles, and tiie latter will not. An 
. I have sfi^ before, this may be so, and I in- 
line to that view at present; but I am desir- 
one of suggesting considerations why it may 
that the question may be thoroughly 
silted. 

1^. The transverse power has a character 
of polarity impressed upon it. In the simplest 
forms it appears as attraction or repulsion, ac- 
cording as the currents are in the same or dif- 
ferent directions : in the current and the magnet 
it takes up the condition of tangential forces; 
and in magnets and their particles produces 
poles. Since the experiments have b^n made 
which have persuaded me that the polar forces 
of electricity, as in induction and electroi 3 tic 
action (1298, 1343), show effects at a distance 
only by means of the polarized contiguous and 
intervening particles, I have been led to expect 
tiiat all polar forces act in the same general 
manner; and the other kinds of phenomena 
whidi one can bring to bear upon the subject 
seem fitted to strengthen that expectation. 
T%us in crystallizations the effect is transmitted 
from particle to particle; and in this manner, 
in acetic acid or freezing water a crystal a 
few inches or even a couple of feet in length 
will form in less than a second, but progres- 
sively and by a transmission of power from 
particle to particle. And, as far as 1 remem- 
ber, no case of polar action, or partaking of 
polar action, except the one under discussion, 
can be found which does not act by contiguous 


paitides;^^ It is ap|iatmi%' 
polar’fmraesthatsc^ betiieease,forilke 
one force either finds or deVelopes the contmi^ 
force near to it, and has, therefore^ no occasion 
to sed: for it at a distance. 

1666. But leaving these hypothetical notions 
resisting the nattire of the lateral action out 
of sight, and returning to tiie direct effects, 1 
think that the phenomena examined and rea- 
soning employed in this and the two preceding 
papers tend to confirm the view first taken 
(1164), namely that ordinary inductive action 
and the effects dependent upon it are due to an 
action of the contiguous particles of the dielec- 
tric intqn)osed between the charged ^rfaces or 
parts which constitute, as it were, thh termina- 
tions of the effect. The great point of distinc- 
tion and power (if it have any) in the theory is, 
the making the dieletric of essential and speci- 
fic importance, instead of leaving it se it were 
a mere accidental circumstance or the simple 
representative of space, having no more influ- 
ence over the phenomena than the space oc- 
cupied by it. I have still certain other results 
and views respecting the nature of the electri- 
cal forces and excitation, which are connected 
with the present theory; and, unless upon fur- 
ther consideration they sink in my estimation, 
I shall very shortly put them into fond as an- 
other series of these electrical researches. 

Royal Institution, February 14, 1838 

> 1 mean by oontiguous partioles those which are 
next to each other, not that there is no space be- 
tween them. See (1616). 
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I 20. Nature of the Etedbrie Force or Foreee 
1007, Tbb titeoiy of induction set forth and 9^ 
hutrated m the tibttee preceding series of exper- 
imental resefodbes does not assume anything 
new as to the nature of the electric force or 
forces, but oidy ae #!their distribution. The 
e€eeto may d^tend upim the association of one 
,'iiectric xirith the particfos of matta*, as in 

pifofo ^ t}ieory of iFradkimi i^us, Cavendith, 
htidx^i^^oesotti; or they may dqmd upon the 
(rf't^ fluids, as in the the- 


ory of Dufay and Poisson; or they may not de- 
poid upon anything which can prq>eriy be 
called the electric fluid, but on vibrations or 
other affections of the matter In which they 
a|q)ear. The timory is unaffected by such dif- 
ferences in the mode of viewing the nature of 
the foreee; and thoo^ it professes to perform 
the important dHoe of stating how the powers 
are arruiged (at Ijssst in inductive phenomena)* 
it does not, as fv M I can yet peo'cdite, n^ly 
a singfo expsihneht which can be cohtideiedae 





a dis^Aa$&SMs^ of tmfikofotisr 000 
those viidteos 

16@8. But, to ascertain how Hhe forces are ar- 
^ged, to trace them in thdr various relations 
to the particles of matter, to determine their 
general laws, and also the specific differences 
which occur under these laws, is as important 
as, if not mc^e so than, to know whether the 
forces reside in a fluid or not; and with the hope 
of assisting in this research, I shall offer some 
further developments, theoretical and experi- 
mental, of the conditions under which I sup- 
pose the particles of matter are placed when 
exhibiting inductive phenomena. 

1669. The theory assumes that all the parti- 
eke, whether of insulating or conducting mat- 
ter, are as wholes conductors. 

1670. That not being polar in their normal 
state, they can become so by the influence of 
neighbouring charged particles, the polar state 
being developed at the instant, exactly as in an 
insulated conducting mass consisting of many 
particles. 

1671. That the particles when polarized are 
in a forced state, and tend to return to their 
normal or natural condition. 

1672. That being as wholes conductors, they 
can readily be charged, either bodily or polarly, 

1673. That particles which being contiguous ^ 
are also in the line of inductive action can com- 
municate or transfer their polar forces one to 
another more or less readily. 

1674. That those doing so less readily require 
the polar forces to be raised to a higher degree 
before this transference or communication takes 
place. 

1675. That the ready communication of forces 
betwe^ contiguous particles constitutes con- 
duction, and the diffievU communication insu- 
lotion; conductors and insulators being bodies 
whose particles naturally possess the property 
of communicating their respective forces easUy 
or with difliculty ; having these differences just 
as they have differences of any other natural 
property. 

1676. That (wrfinary induction is the effect 
resulting from the action of matter charged 
with excited or free electricity upon insulating 
matter, t^dingtoproduceinitan equal amount 
of the contrary state. 

1677. That it can do this only by pblariziiig 
the partkiles contiguous to it, which perform 
the same office to &e next, and these again to 
those beyobd; and that thus the action is prop- 
abated tiie exmted body tb the next con- 


ducting eoj^bwry 

force evident in consequeace of the eff^ of 
communication which suplarvenes in the coU^ 
ducting mass upon the polarization of the 
tides of that body (1676). 

1678. That therefore induction can only take 
place through or across insulators; that induo 
tion is insulation, it being the necessaiy conse- 
quence of the state of the particles and the 
mode in which the influence of dectrical forces 
is transferred or transmitted through or across 
such insulating media. 

1679. The particles of an insulating dielec- 

tric whilst under induction may be compared 
to a series of small magnetic needles, or more 
correctly still to a series of small insulated con- 
ductors. If the space round a charged globe 
were filled with a mixture of an insulating di- 
electric, as oil of turpentine or air, and small 
globular conductors, as shot, the latter being 
at a little distance from each other G|p as to be 
insulated, then these would in their condition 
and action exactly resemble what I consider to 
be the condition and action of the particles of 
the insulating dielectric itself (1337). If the 
globe were charged, these little conductors 
would all be polar; if the globe were discharged^ 
they would all return to their normal state^ to 
be polarized again upon the recharging of the 
globe. Thestatedevelopedbyinduction through 
such particles on a mass of conducting matter 
at a distance would be of the contrary kind^ 
and exactly equal in amount to the force in the 
inductric globe. There would be a lateral dif- 
fusion of force (1224, 1297), because each po- 
larized sphere would be in an active or tense 
relation to all those contiguous to it, just as 
one magnet can affect two or more magnetic 
needles near it, and these again a still greater 
number beyond them. Hence would result the 
production of curved lines of inductive force if 
the inducteous body in such a mixed dielee^ , 
were an uninsulat^ metallic ball (1219, &c.} 
or other properly dxaped mass. Such curved 
lines are the consequences of the two electric 
forces arrant as I have assumed them to be: 
and, that the inductive force can be directed , 
in such curved lines is the strongest proof ^ \ 
the pres^ce of the two powers and &e poi^ 
condition of the dielectric particles. U? 

1680. 1 think it is evident that, m tiie otiii . 
stated, action at a distance can 
through an action of the contiguous oonduomng 
partides. Th^ is no reason why tlm indtietive 
body shouki pt^ajtkeor 
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leave those near it, namely the particles of 
l^e dielectric, unaffected: and everything in 
the form of fact and experiment with conduct- 
ing masses or particles of a sensible size con- 
tradicts such a supposition. 

1681. A striking character of the electric 
power is that it is limited and exclusive, and 
that the two forces being always present are 
eimctly equal in amount. The forces are related 
in one of two wa 5 rs, either as in the natural nor- 
mal condition of an uncharged insulated con- 
ductor; or as in the charged state, the latter 
being a case of induction. 

1682. Cases of induction are easily arranged 
so that the two forces being limited in their di- 
rection shall present no phenomena or indica- 
tions external to the apparatus employed. Thus, 
if a Leyden jar, having its external coating a 
little higher than the internal, be charged and 
then its charging ball and rod removed, such 
jar will present no electrical appearances so 
long as its outside is uninsulated. The two 
forces which may be said to be in the coatings, 
or in the particles of the dielectric contiguous 
to them, are entirely engaged to each other by 
induction through the glass; and a carrier ball 
(1181) applied either to the inside or outside of 
the jar will show no signs of electricity. But if 
the jar be insulated, and the charging ball and 
rod, in an uncharged state and suspended by 
an insulating thread of white silk, restored 
to their place, then the part projecting above 
the jar will give electrical indications and 
charge the carrier, and at the same time the 
outside coating of the jar will be found in the 
opposite state and inductric towards external 
surrounding objects. 

1683. These are simple consequences of the 
theory, "WTiilst the charge of the inner coating 
could induce only through the glass towards 
the outer coating, and the latter contained no 
more of the contrary force than was equivalent 
to it, no induction external to the jar could be 
perceived; but when the inner coating was ex- 
tended by the rod and ball so that it could in- 
duce through the air towards external objects, 
then the tension of the polarized glass mole- 
cules would, by their tendency to return to the 
normal state, fall a little, and a portion of the 
charge passing to the surface of this new part 
of the inner conductor, would produce induc- 
tive action through the air towards distant ob- 
jects, whilst at the same time a part of the 
4|me in the outer coating previously directed 

would now be, at liberty, and indeed 

4K>iiatrained to induct outirards through the 
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air, producing in that outer coating what is 
sometimes called, though I think very improp- 
erly, free charge. If a i^all Leyden jar be con- 
verted into that form of apparatus, usually 
known by the name of the electric well, it will 
illustrate this action very completely. 

1684. The terms /ree charge and dissimulated 
electricity convey therefore erroneous notions 
if they are meant to imply any difference as to 
the mode or kind of action. The charge upon 
an insulated conductor in the middle of a room 
is in the same relation to the walls of that room 
as the charge upon the inner coating of a Ley- 
den jar is to the outer coating of the same jar. 
The one je not more free or more dksimulated 
than the^other; and when sometimes we make 
electricity appear where it was not e^dent be- 
fore, as upon the outside of a chared lar, when, 
after insulating it, we touch the inner coating, 
it is only because we divert more or less of the 
inductive force from one direction inro anoth- 
er; for not the slightest change is in ^ch cir- 
cumstances impressed upon the character or 
action of the force. 

1685. Having given this general theoretical 
view, I will now notice particular points relat- 
ing to the nature of the assumed electric po- 
larity of the insulating dielectric parti(^les. 

1686. The polar state may be considered in 
common induction as a forced state, the parti- 
cles tending to return to their normal condi- 
tion. It may probably be raised to a very high 
degree by approximation of the inductric and 
inducteous bodies or by other circumstances; 
and the phenomena of electrolyzation (861, 
1662, 1706) seem to imply that the quantity of 
power which can thus be accumulate on a sin- 
gle particle is enormous. Hereafter we may be 
able to compare corpuscular forces, as those of 
gravity, cohesion, electricity, and chemical af- 
finity, and in some way or other from their ef- 
fects deduce their relative equivalents; at pres- 
ent we are not able to do so, but there seems no 
reason to doubt that their electrical, which are 
at the same time their chemical forces (891, 
918), will be by far the most energetic. 

1687. 1 do not consider the powers when de- 
veloped by the polarization as limited to two 
distinct points or spots on the surface of each 
particle to be considered as the poles of an axis, 
but as resident on large portions of that surface, 
as they are upon the surface of a conductor of 
sensible size when it is thrown into a polar 
state. But it is very probable, notwithstanding, 
that the particles^)! different bodies may 
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sent fipedfic differences in this respect, the 
powers not bdng equally diffused thou^ equal 
in quantity; other circumstances also, as form 
and quality, giving to each a peculiar polar re- 
lation. It is perhaps to the existence of some 
such differences as these that we may attribute 
the specific actions of the different dielectrics 
in relation to discharge (1394, 1508). Thus with 
respect to oxygen and nitrogen singular con- 
trasts were presented when spark and brush 
discharge were made to take place in these 
gases, as may be seen by reference to the table 
in par^aph 1518 of the Thirteenth Series; for 
with nitrogen, when the small negative or the 
large positive ball was rendered inductric, the 
effects corresponded with those which in oxy- 
gen were produced when the small positive or 
the large negative ball was rendered inductric. 

1688. In such solid bodies as glass, lac, sul- 
phur, &c., the particles appear to be able to be- 
come polarized in all directions, for a mass 
when experimented upon so as to ascertain its 
inductive capacity in three or more directions 
(1690), gives no indication of a difference. Now 
as the particles are fixed in the mass, and as 
the direction of the induction through them 
must change with its change relative to the 
mass, the constant effect indicates that they 
can be polarized electrically in any direction. 
This accords with the view already taken of 
each particle as a whole being a conductor 
(1669), and, as an experimental fact, helps to 
confirm that view. 

1689. But though particles may thus be po- 
larized in any direction under the influence of 
powers which are probably of extreme energy 
(1686), it does not follow that each particle 
may not tend to polarize to a greater degree, or 
with more facility, in one direction than an- 
other; or that different kinds may not have 
specific differences in this respect, as they have 
differences of conducting and other powers 
(1296, 1326, 1395). I sought with great anxiety 
for a relation of this nature; and selecting crys- 
talline bodies as those in which all the particles 
are symmetrically placed, and therrfore best 
fitted to indicate any result which might de- 
pend upon variation of the direction of the 
forces to the direction of the particles in which 
they were developed, experimented very care- 
fully with them. I was the more strongly stim- 
ulated to tins inquiry by the beautiful electri- 

condition df the crystalline bodies tourma- 
line ^d boracite, and hoped also to discover a 
relation between electric polarity and that of 
<^talH«MktiQn,or0V€m (1316). 


My expajnmts have not eetabliEbed any eon* 
nexion of the kind sought for. But as 1 thihkit 
of equal importance to shew either that there 
is or is not such a relation, I diall briefiy de- 
scribe the results. 

1690. The form of experiment was as follows. 
A brass ball 0.73 of an inch in diameter, fixed 
at the end of a horizontal brass rod, and that 
at the end of a brass cylinder, was by means ol 
the latter connected with a large Leyden bat* 
tery (291) by perfect metallic communications! 
the object being to keep that ball, by its con- 
nexion with the charged battery in an electri- 
fied state, very nearly uniform, for half an hour 
at a time. This was the inductric ball. The in- 
ducteous ball was the carrier of the torsion 
electrometer (1229, 1314); and the dielectric 
between them was a cube cut from a crystal, so 
that two of its faces should be perpendicular to 
the optical axis, whilst the other four were par- 
allel to it. A small projecting piece of shellac 
was fixed on the inductric ball at that, part op- 
posite to the attachment of the brass rod, for 
the purpose of preventing actual contact be- 
tween the ball and the crystal cube. A coat of 
shellac was also attached to that side of the 
carrier ball which was to be towards the cube, 
being also that side which was farthest from 



the repelled ball in the electrometer when placed 
in its position in that instrument. The cube 
was covered with a thin coat of shellac dis- 
solved in alcohol, to prevent the deposition of 
damp upon its surface from the air. It was sup- 
port^ upon a small table of shellac fixed on 
the top of a stem of the same substance, the 
latter being of sufficient strength to sustain the 
cube, and yet flexible enough from its length to 
act as a spring, and allow the cube to bea^! 
when in its place, against the shellac on the in^ 
ductzic ball. 

1691. Thus it was easy to bring the indub- 
teous ball always to the same distance from the 
inductric ball, and to uninsulate and insulate 
it again in its place; and then, after measuHng 
the force in tiie electiometo' (1181), to return 
it to its place c^)posite to the induettio bafi for* 






mg the etamd which sup|[X)7t^ &e cube to 
hc^g four hf its faeee in eucceseion towaide the 
ball) and ao observe the force when 
the lines of inductive action (1304) coincided 
wfth, or were transverse to, the direction of 
optical axis of the crystal. Generally from 
twenty to twenty-eight observations were made 
m succession upon the four vertical faces of a 
cube, and then an average expression of the 
inductive force was obtained, and compared 
wiHi similar averages obtained at other times, 
every precaution being taken to secure accu- 
iiate results. 

1692. The first cube used was of rock cryM; 
it was 0.7 of an inch in the side. It presented a 
remarkable and constant difference, the aver- 
age of not less than 197 observations, giving 
IM for the specific inductive capacity in the 
...^direction coinciding with the optical axis of 
tibe cube, whilst 93.59 and 93.31 were the ex- 
pressions for the two transverse directions. 

f693. But with a second cube of rock cr3rstal 
CGaresponding results were not obtained. It was 
Q.77 of an inch in the side. The average of many 
esqieriments gave 100 for the specific inductive 
capacity coinciding with the direction of the 
optical axis, and 98.6 and 99.92 for the two 
other directions. 

1694. Lord Ashley, whom I have found ever 
ready to advance the cause of science, obtained 
for me the loan of three globes of rock crystal 
bdonging to Her Grace the Duchess of Suther- 
land for the purposes of this investigation. Two 
had such fissures as to render them unfit for 
Ihe experiments (1193, 1698). The third which 
was very superior, ga>’e me no indications of 
any difference in the inductive force for dif- 
ferent directions. 

1695. 1 then used cubes of Iceland spar. One 
of an inch in diameto' gave 100 for the axial 
direction, and 98.66 and 95.74 for the two cross 
directions. Theoth^, 0.8 of an inch in the side, 
gave 100 for the axial direction, whilst 101.73 
and 101.86 were the numbers for cross di- 
iwciitioxi. 

Besides these differences there were 
odberSf whicb l do not think it needful to state, 
sinoe the main point is not confirmed. For 
thou^ the expmments with the first eube^ 
, raised great ei^)eetari<m, th^ have not been 
generalized by those which followed. I have no 
of the resolts as to that cube, but they 
:^j M | TO ot as yrt be r^errad to crystallisation. 

are in the cube soi]»e faintly coloured 

pwssaj^ainllellh) the)0|^ti^ 


ter wMeh oeioimi tiiemiiiay hate anMpenee; 
but then thelayers are also nearly paraM toa 
cross direction, and if at all influential should 
shew some in that direction also, which 
they did not. 

1697. In some of the experim^ts one half or 
one part of a cube showed a superiority to an- 
other part, and this 1 could not trace to any 
charge the different parts had received. It was 
found that the varnishing of the cubes prevent- 
ed any communication of charge to them, ex- 
cept (in a few experiments) a small degree of tiie 
negative state, or that which was contrary to 
the state of the inductric ball (1564, 1566). 

1698. 1 think it right to say that, ^ far as I 
could perceive, the insulating character of the 
cubes used was perfect, or at least bo nearly 
perfect, as to bear a comparison with shellac, 
glass, <kc. (1255). As to the cause of t^ differ- 
ences, other than regular crystalline sf^cture, 
there may be severd. Thus minute fiireures in 
the crystal insensible to the eye may be so dis- 
posed as to produce a sensible electrical dif- 
ference (1193). Or the crystallization may be 
irregular; or the substance may not be quite 
pure; and if we consider how minute a quan- 
tity of matter will alter greatly the conducting 
power of water, it will seem not unlikely that a 
little extraneous matter diffused through the 
whole or part of a cube, may produce effects 
sufficient to account for all the irregularities of 
action that have been observed. 

1699. An important inquiry regarding the 
electrical polarity of the particles of an insu- 
lating dielectric, is, whether it be the molecules 
of the particular substance acted on, or the 
component or ultimate particles, which thus 
act ^e part of insulated conducting polarizing 
portions (1669). 

1700. The conclusion I have arrived at is, 
that it is the molecules of the substance which 
polarize as wholes (1347); and that however 
complicated the composition of a body may 
be, hH those pmticles or atoms which are held 
together by chei^cal affinity to form one mole- 
cule of the resulting body act as one conducting 
mass or particle when inductive phenomena 
and polarization are produced in the substance 
of which it is a part. 

1701. This conclusion is founded on several 
conmderations. Thus if we observe the insulate 
ing and conducting power of demits when 
they are used as <Mectrios, we find some, 
sidpbur,|fi]ioBpharus, ferine, 

pai^lea insulatebKi^ tberefoie^imiarii^Jii^.^ 



Juneim ELBCTRICrPY ^ M' 


ag tibe 

^ve seai^y ifa^ indieatbii of poBseaoizig a 
sensible proportion of this power {1%28), tiieir 
particles freriy conducting one to another. Yet 
when these enter into combination they form 
substances having no direct relation apparent- 
ly, in this respect, to thdr elements; for water, 
sulphuric aci^ and such compounds formed of 
insulating elements, conduct by comparison 
freely; whilst o>dde of lead, flint glass, borate 
of l^i and other metallic compounds con- 
taining very high proportions of conducting 
matter, insulate excellently well. Taking oxide 
of lead therefore as the illustration, I conceive 
that it is not the particles of oxygen and lead 
which polarize separately under the act of in- 
duction, but the molecules of oxide of lead 
which exhibit this effect, all the elements of one 
particle of the resulting body, being held to- 
gether as parts of one conducting individual by 
the bonds of chemical affinity; which is but an- 
other term for electrical force (918). 

1702. In bodies which are electrolytes we 
have still further reason for believing in such a 
state of things. Thus when water, chloride of 
tin, iodide of lead, &c., in the solid state are 
between the electrodes of the voltaic battery, 
their particles polarize as those of any other 
insulating dielectric do (1164); but when the 
liquid state is conferred on these substances, 
the polarized particles divide, the two halves, 
each in a highly charged state, travelling on- 
wards until they meet other particles in an op- 
posite and equally charged state, with which 
they combine, to the neutralization of their 
chemical, i.e., their electrical forces, and the 
reproduction of compound particles, which can 
again polarize as wholes, and again divide to 
repeat the same series of actions (1347). 

1703. But though electrolytic particles po- 
larize as wholes, it would appear very evident 
that in them it is not a matter of entire indif- 
ference koiv tlxe particle polarizes (1689), since, 
when^ree to move (380, &c.) the polarities are 
ultimately distributed in reference to the ele- 
ments; and sums of force equivalent to the po- 
tarities, and very definite in kind and amount, 
separate, as it were, from each other, and travel 
onwards with the elementary particles. And 
thou^ I do not pret^d to know what an atom 
iS) or how it is assodated or endowed mih eleo- 
tricd force, or bow this force is arranged in the 

of r combination and deoomporition, yet 
Qie strong bdiel I have in the electrical pobr- 
of partides when under inductive action, 
^ t^liMsaring of sndh m opinion <m the geEt- 


eral effe^ of induction, wbetbd ordhmiy or 
dedaolySc, wfll be my excuse, 1 1^, for i 
few hypothetical consMerations. 

1704. In electrolyzation it appears that 
polarized particles would (because of the gra/4^ 
ual change which has been induced upon the 
chemical, i.e., the electrical forces of their ele^ 
ments [918] ) rather divide than discharge to 
each other without division (1348) ; for if Ihw 
division, i.e., their decomposition and recombi- 
nation, be prevented by giving them the solid 
state, then they will insulate electricity perhaps 
ahundred foldmoreintensethan that necessary 
for their electrolyzation (419, &c.). Hence the 
tension necessary for direct conduction in sudi 
bodies appears to be much higher than that for 
decomposition (419, 1164, 1344). 

1705. The remarkable stoppage of electro- 

l3rtic conduction by solidification (380, 1358), 
is quite consistent with these views of the de^ 
pendence of that process on the polarity which 
is common to all insulating matter when under 
induction, though attended by such peculiar 
electro-chemical results in the case of electro- 
\ytes. Thus it may be expected that the first 
effect of induction is so to polarize and arrange 
the particles of water that the positive or hy- 
drogen pole of each shall be from the positive 
electrode and towards the negative electrode, 
whilst the negative or oxygen pole of each shall 
be in the contrary direction; and thus when the 
oxygen and hydrogen of a particle of water have 
separated, passing to and combining with other 
hydrogen and oxygen particles, unless these 
new particles of water could turn round they 
could not take up that position necessary for 
their successful electrol;:^ie polarization. Now 
solidification, by fixing the water particles and 
preventing them from assuming that essential 
preliminary position, prevents also their eleo* 
trolysis (413); and so the transfer of forces in 
that manner being prevented (1347, 1703), the 
substance acts as an ordinary insulating die^ 
lectric (for it is evident by form^ experiments 
[419, 1704} that tiie insulating tension is hi^ 
er than the electrolytic tension), induction 
through it rises to a higher degree, and 
polar condition of the molecules as wholes^ 
thou|^ greatly exalted, is still securely mtfm 
tain^. ' 

1706. Wben decomposition happens in afieU 
electrolyte, I do not suppose that all the 
cuies in tim same sectional plane (1634) 
with and transfer their electrified partidbm ^ 
dements at once. ProbaUy tine 

fat timt pfameis sozmned up on one m fo# 
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(^idjesi, whidi djecomposing, traveUmg and 
j^ombining, restore the baWce of forces, 
much as in the case of spark disruptive dis- 
charge (1406) ; for as those molecules resulting 
from particles whichhave just transferred power 
must by their position (1705) be less favour- 
ably circumstanced than others, so there must 
be some which are most favourably disposed, 
and these, by pving way first, will for the time 
lower the tension and produce discharge. 

1707. In former investigations of the action 
of electricity (821, &c.) it was shown, from 
many satisfactory cases, that the quantity of 
dectric power transferred onwards was in pro- 
portion to and was definite for a given quantity 
of matter moving as anion or cathion onwards 
in the electrolytic line of action; and there was 
strong reason to believe that each of the par- 
ticles of matter then dealt with, had associated 

' with it a definite amount of electrical force, 
constituting its force of chemical affinity, the 
diemical equivalents and the electro-chemical 
equivalents being the same (836). It was also 
found with few, and I may now perhaps say with 
no exceptions (1341), that only those com- 
pounds containing elements in single propor- 
tions could exhibit the characters and phenom- 
em, of electrolytes (697) ; oxides, chlorides, and 
other bodies containing more than one propor- 
tion of the electro-negative element refusing to 
decompose under the influence of the electric 
current. 

1708. Probable reasons for these conditions 
and limitations arise out of the molecular the- 
ory of induction. Thus when a liquid dielectric, 
as chloride of tin, consists of molecules, each 
composed of a single particle of each of the ele- 
ments, then as these can convey equivalent 
Of^KMsite forces by their separation in opposite 
dii^tionSy both decomposition and transfer can 
result. But when the molecules, as in the bi- 
chloride of tin, consist of one particle or atom 
olxmb element, and two of the other, then the 
annplicity wi^ which the particles may be sup- 
pose to be arranged and to act, is destroyed. 
Ami, though it may be conceived that when 

xnolecides of bichloride of tin are polarized 
as wholes by the induction across them, the 
pmitive pd^ force might accumulate on the 
one particle of tin whilst the negative polar 
ilcroe accumulated on the two particles of chlo- 
rine associated with it, and that these might 
lespeetivdiy travdi right and left to unite with 
wt^two of chlorine and one of tin, in analogy 
what happens in cases of compoimds con- 
sm^ propoilh!^ yet this is not al- 


together so evident or probable. For when a 
particle of tin combines with two of dilorine, it 
is difficult to concave that there ehoidd not be 
some relation of the three in the resulting mole- 
cule analogous to fixed position, the one parti- 
cle of metal being periiaps symmetrically placed 
in relation to the two of chlorine: and, it is not 
difficult to conceive of such particles ^at they 
could not assume that position dependent both 
on their polarity and the relation of their ele- 
ments, which appears to be the first step in the 
process of electrolyzation (1345, 1705). 

§ 21. Relation of the Electric and Magnetic 
Forces j 

1709. 1 have already ventured a few specula- 

tions respecting the probable relation of mag- 
netism, as the transverse force of the\current, 
to the divergent or transverse force of the lines 
of inductive action belonging to static Electric- 
ity (1658, &c.). \ 

1710. In the further consideration of this sub- 
ject it appeared to me to be of the utmost im- 
portance to ascertain, if possible, whether this 
lateral action which we call magnetism, or 
sometimes the induction of electrical currents 
(26, 1048, &c.), is extended to a distance by the 
action of the intermediate particles in analogy 
with the induction of static electricity, 'or the 
various effects, such as conduction, discharge, 
&c., which are dependent on that induction; or, 
whether its influence at a distance is altogether 
independent of such intermediate particles 
(1662.). 

1711. 1 arranged two magneto-electric helices 
with iron cores end to end, but with an interval 
of an inch and three-quarters between them, in 
which interval was placed the end or pole of a 
bar magnet. It is evident, that on moving the 
magnetic pole from one core towards the other, 
a current would tend to form in both helices, in 
the one because of the lowering, and in the 
other because of the strengthening of the mag- 
netism induced in the respective soft iron cores. 
The helices were connected together, and also 
with a galvanometer, so that these two cur- 
rents should coincide in direction, and tend by 
their joint force to deflect the needle of the in- 
strument. The whole arrangement was so ef- 
fective and delicate, that moving the magnetic 
pole about the eighth of an inch to and fro two 
or three times, in periods equal to those re- 
quired for the vibrations of the galvanometer 
needle, was sufficient to cause considerable vi** 
bration in the latter; thus showing readily t^ 
consequence of strengthening the influeui^ of 
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the raagnet on tiie one core and h^x,and di- 


minishing It on the other. 

1712. Then without disturbing the distances 
of the magnet and cores, plates of substances 
were interposed. Thus calling the two cores A 
and B, a plate of shellac was introduced be- 
tween the magnetic pole and A for the time oc- 
cupied by the needle in swingmg one way; then 
it was withdrawn for the time occupied in the 
return swing; introduced again for another 
equal portion of time; withdrawn for another 
portion, and so on eight or nine times; but not 
the least effect was observed on the needle. In 
other cases the plate was alternated, i.e., it was 
introduced between the magnet and A for one 
period of time, withdrawn and introduced be- 
tween the magnet and B for the second period, 
withdrawn and restored to its first place for the 
third period, and so on, but with no effect on 
the needle. 

1713. In these experiments shellac in plates 
0.9 of an inch in thickness, sulphur in a plate 
0.9 of an inch in thickness, and copper in a 
plate 0.7 of an inch in thickness were used with- 
out any effect. And I conclude that bodies, con- 
trasted by the extremes of conducting and in- 
sulating power, and opposed to each other as 
strongly as metals, air, and sulphur, show no 
difference with respect to magnetic forces when 
placed in their lines of action, at least under 
the circumstances described. 

1714. With a plate of iron, or even a small 
piece of that metal, as the head of a nail, a very 
different effect was produced, for then the gal- 
vanometer immediately showed its sensibility, 
and the perfection of the general arrangement. 

1716. 1 arranged matters so that a plate of 
copper 0.2 of an inch in thickness, and ten inch- 
es in diameter, should have the part near the 
edge interposed between the magnet and the 
core, in which situation it was first rotated 
rapidly, and then held quiescent alternately, 
for periods according with that required for the 
swinging of the needle; but not the least effect 
upon the galvanometer was produced. 

1716. A plate of shellac 0.6 of an inch in 
thickness was applied in the same manner, but 
whether rotating or not it produced no effect. 

1717. Occasionally the plane of rotation was 
directly across the magnetic curve: at other 
times it was made as oblique as possible; the 
^^reetbn of the rotation being abo changed in 
different experiments, but not the least effect 

produced. 

1718* I now removed the helices with their 
floft iron cores, and. replaced them by two 


m 

helices wound upon cardboard, each contain- 
ing forty-two feet of silked copper wire, and 
having no associated iron. Otherwbe the ar- 
rangement was as before, and exceedingly sen- 
sible; for a very slight motion of the magnet 
between the helices produced an abundant vi- 
bration of the galvanometer needle. 

1719. The introduction of plates of sheUae, 
sulphur, or copper into the intervab between 
the magnet and these helices (1713), produced 
not the least effect, whether the former were 
quiescent or in rapid revolution (1716) . So here 
no evidence of the influence of the intermedi- 
ate particles could be obtained (1710). 

1720. The magnet was then removed and re- 
placed by a flat helix, corresponding to the two 
former, the three being parallel to each other. 
The middle helix was so arranged that a volta- 
ic current could be sent through it at pleasure. 
The former galvanometer was removed, and 
one with a double coil employed, one of the 
lateral helices being connected with pne coil, 
and the other helix with the other coil, in such 
manner that when a voltaic current was sent 
through the middle helix its inductive action 
(26) on the lateral helices should cause currents 
in them, having contrary directions in the coib 
of the galvanometer. By a little adjustment of 
the distances these induced currents were ren- 
dered exactly equal, and the galvanometer 
needle remained stationary notwithstanding 
their frequent production in the instrument. I 
will call the middle coil C, and the external 
coils A and B. 

1721. A plate of copper 0.7 of an inch thick 
and six inches square, was placed between coib 
C and B, their respective distances remaining 
unchanged; and then a voltaic current from 
twenty pairs of 4-inch plates was sent through 
the coil C, and intermitted, in periods fitted to 
produce an effect on the galvanometer (1712), 
if any difference had been produced in the elf- 
fect of C on A and B. But notwithstanding the 
presence of air in one interval and copper in 
the other, the inductive effect was exactly alike 
on the two coib, and as if air had occupied botibt 
intervab. So that notwithstanding the facility 
with which any induced currents might form in 
the thick copper plate, the coil outside of it 
was just as much affected by the central hehx 
C as if no such conductor as the copper had 
been there (66). 

1722. Th^, for the copper plate was sub- 
stituted one of sulphur 0.9 of an inch tluelc; 
still theresults were exactly the same, ie., there 
was no action at the galvaniuneter. 
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' 17^« Thtu It a|)peani tiiol when a 'vditaic 
earrent hi one ynte is exerting its inductive ac- 
tion to produce a contrary or a similar current in 
a nd^hbouring wire^ according as the primary 
Oitxt^t is commencing or ceasing, it makes not 
the least difference whether the intervening 
apaceisoccupiedbysuchinsulatingbodiesasair, 
a^hur and shellac, or such conducting bodies 
as copper, and the other non-magnetic metals. 

17^. A correspondent effect was obtained 
with the like forces when resident in a magnet 
thus. A single fiat helix (1718) was connected 
with a galvanometer, and a magnetic pole 
placed near to it; then by moving the magnet 
to and from the helix, or the helix to and from 
the magnet, currents were produced indicated 
by the galvanometer. 

1725. The thick copper plate (1721) was af- 
terwards interposed betvreen the magnetic pole 

“ and the helix; nevertheless on moving these to 
and fro, effects exactly the same in direction 
and amount, were obtained as if the copper had 
not been there. So also on introducing a plate 
of sulphur into the interval, not the least influ- 
ence on the currents produced by motion of the 
magnet or coils could be obtained. 

1726. These results, with many others which 
1 have not thought it needful to descnbe, would 
lead to the conclusion that (judging by the 
amount of effect produced at a distance by 
forces transverse to the electric current, i.e., 
magnetic forces), the intervening matter, and 
therefore the intervening paiticles, have noth- 
ing to do with the phenomena; or in other 
words, that though the inductive force of static 
tieetrici% is transmitted to a distance by the 
action of the intermediate particles (1164, 
1666), the transverse inductive force of cur- 
rents, which can also act at a distance, is not 
transmitted by the intermediate particles in a 
timilai* way. 

1727. It is however very evident that such 
a conclusion cannot be considered as proved. 
Thus when the metal copper is between the 
poleand the h^x (1715, 1716, 1726) or between 
the two hdioes (1721) we know that its parti- 
cles are affected, and can by proper arrange- 
ments make their peculiar state for the time 
very evident by the production of either elec- 
tdeal or magnetical effects. It seems impossible 
to OGomd&c this effect on the particles of the 
intervening matter as independent of that pro- 
duced by the inductite coil or magnet C, on the 

1721); for since 

‘ inducteouB body, is equally affected by 
mductric body whither tiieim intervening 


or not (1723, 1725), such a stip|k>titioh wddid 
imply that the particles so ^ected had no 
reaction back on the origin^ inductric forces. 
The more reasonable conclusion, as it appears 
to me, is, to consider these affected particles 
as efficient in continuing the action onwards 
from the inductric to the induoteous body, 
and by this very communication producing the 
effect of no loss of induced power at the latter. 

1728. But then it may be asked what is the 
relation of the particles of insulating bodies, 
such as air, sulphur, or lac, when they intervene 
in the line of magnetic action? The answer to 
this is at, present merely conjectural. I have 
long thought there must be a particular con- 
dition of such bodies corresponding t® the state 
which causes currents in metals and other con- 
ductors (26, 53, 191, 201, 213); and considering 
that the bodies are insulators one would expect 
that state to be one of tension. I have by rotat- 
ing non-conducting bodies near magnexic poles 
and poles near them, and also by causing pow- 
erful electric currents to be suddenly formed 
and to cease around and about insulators in 
various directions, endeavoured to make some 
such state sensible, but have not succeeded. 
Neveitheless, as any such state must be of ex- 
ceedingly low intensity, because of thp feeble 
intensity of the currents which are used to in- 
duce it, it may well be that the state may exist, 
and may be discoverable by some more experi- 
mentalist, though I have not been able to make 
it sensible. 

1729. It appears to me possible, therefore, 
and even probable, that magnetic action may 
be communicated to a distance by the action of 
the intervening particles, in a manner having a 
relation to the way in which the inductive forc- 
es of static electricity are transferred to a dis- 
tance (1677); the intervening particles assum- 
ing for the time more or less of a peculiar con- 
dition, which (thou^ with a very imperfect 
idea) I have several times expressed by the 
term electro^nic state (60, 242, 1114, 1661). I 
hope it will not be understood that I hold the 
settled opinion that such is the case. 1 would 
rather in fact have proved the contrary, name- 
ly, that magnetic forces are quite independent 
of the matter intervening between the induc- 
tric andttiie inducteous bodies; but I cannot 
get over tiie difficulty presented by such sub- 
stances as coi^r, silver, lead, gold, carbon, 
and even aqueous solutions (201, 213), which 
though they are known to assume peculiar 
state wl#3t intervening betwerai the bodies 
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tm widi the final iiesult tfibse wfayi 
have as had no peeoliarity of oond;tion dis- 
covered in them. 

1730. A remarh: important to the;vdiole of 
this investigation ought to be made here. Al- 
though I think the galvanometer used as I have 
described it (1711, 1720) is quite sufficient to 
prove that the final amount of action on each 
of the two coils or the two cores A and B (1713, 
1719) is equal, yet there is an effect which may 
be consequent on the difference of action of 
two interposed bodies which it would not show. 
As time enters as an element into these actions^ 
(125), it is very possible that the induced ac- 
tions on the helices or cores A, B, though they 
rise to the same degree when air and copper, or 
air and lac are contrasted as intervening sub- 
stances, do not do so in the same time; and yet, 
because of the length of time occupied by a vi- 
bration of the ne^le, this difference may not 
be visible, both effects rising to their maximum 
in periods so short as to make no sentiHe 
portion of that required for a vibration of 
the needle, and so exert no visible infiuence 
upon it. 

1731. If the lateral or transv^ie force of 
electrical currents, or what appears to be the 
same thing, magnetic power, could be proved 
to be influential at a distance independently of 
the intervening contiguous particles, then, as 
it appears to me, a real distinction of a high 
and important kind, would be established 
tween the natures of these two forces (1654, 
1664). I do not mean that the powers are inde- 
pendent of each other and might be rendered 
separately active, on the contrary they are 
probably essentially associated (1654), but it 
by no means follows that they are of l^e same 
nature. In common statical induction, in con- 
duction, and in electrolyzation, the forces at 
the opposite extremities of the particles which 
coincide with the lines of action and have com- 
monly been distinguished by the term electric, 
are polar, and in the cases of contiguous par- 
ticles act only to insensible distanm; whilst 
those which are tiansverse to the direction of 
these lines, and are caUedmagnetic, are droum- 
ferential, act at a distance, and if not through 
the mediation ci the intervenmg particles, have 
their relatiions to ordinary matteer entirdy un- 
like those of the eiectri<^ forced with which 
they lure aseodated. 

^ ^ 1883, Vol. LI, 42^, 

428. 


1732. To dedde this question of the identic 
or distinction of the two kinds of power, and es- 
tablish their true relation, would be exceeding- 
ly importimt. The questbn seOins fully witiiih 
the reach of experiment, and offers a high 
ward to him who will attempt its settieo^hlt; 

1 733. 1 have already expressed a hope of find- 
ing an effect or condition which shall bp to 
statical electricity what magnetic force fa to 
current electricity (1658). If I could l^ive 
proved to my own satisfaction that magn^e 
forces extended their infiuence to a distance by 
the conjoined action of the intervening parti- 
cles in a manner analogous to that of eleetiic^ 
forces, then 1 should have thought that tto 
natural tension of the lines of inductive aotiou 
(1659), OF that state so often hinted at as the 
electro-tonic state (1661, 1662), was this re- 
lated condition of statical electricity. 

1734. It may be said that the state otnoM^ 
erd action is to static or inductive force the 
equivalent of magnetim to current force; but 
that can only be upon the view that electric 
and ma^etic action are in their nature essen- 
tially different (1664). If they are the same 
power, the whole difference in the results being 
the consequence of the difference of directum^ 
then the normal or undeveloped state of electric 
force will correspond with the state of no Ideitd 
action of the magnetic state of the force; tiie 
electric current will correspond with the lateral 
effects commonly called magnetism; buttiie 
state of static induction which is between the 
normal condition and the current wiU still rer 
quire a corresponding lateral condition in tim 
magnetic series, presenting its own peculifar 
phenomena; for it can hardly be suppo^ tiiat 
the normal electric, and the inductive or polar- 
ized electric, condition, can both have the same 
lateral relation. If magnetism be a separate 
and a higher relation of the powers dev^ped, 
then perhaps the argument which presses to 
this third condition of that force would not be 
60 strong. 

1736. I cannot conclude these general fWf 
marks upoqi the rriation of the electric aztil 
magnetic toc(» without expressing my 
prise at the reimlts obtained with the 
plate (1721, 1725). The experiments wi^ ^ 
flat hdiiees Represent one of the simfdeetiefawii’ 
of the induction of dectrieai currents 
the effect^ as fa well known, m 

produetion of a momentary current, ina wire fab 
the instant when a current in the contrary 
direction begins to pfass thaxuiigb a 
ing parallel wire, and the/ an 
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bti^l in t&n rerverse direction 

when the determhnng current is stopped (26). 
Such being the case, it seems very extraordin^ 
txy that this induced current which takes place 
in the helix A when there is only air between 
A and C (1720) should be equally strong when 
1§Ui,t air is replaced by an enormous mass of 
that excellently conducting metal copper 
(1721). It might have been supposed that this 
mass would have allowed of the formation and 
discharge of almost any quantity of currents 
in it, which the helix C was competent to in- 
duce, and so in some degree have diminished 
if not altogether prevented the effect in A: 
instead of which, though we can hardly doubt 
that an infinity of currents are formed at the 
moment in the copper plate, still not the 
smallest diminution or alteration of the effect 
in^A appears (66). Almost the only way of 
reconciling this effect with generally received 
notions is, as it appears to me, to admit that 
magnetic action is communicated by the action 
of the intervening particles (1729, 1733). 

1736. This condition of things, which is very 
remarkable, accords perfectly with the effects 
observed in solid helices where wires are coiled 
over wires to the amount of five or six or more 
layers in succession, no diminution of effect on 
the outer ones being occasioned by those within. 

1 22. Note on Electrical Excitation 

1737. That the different modes in which elec- 
trical excitement takes place will some day or 
other be reduced under one common law can 
hardly be doubted, though for the present we 
are bound to admit distinctions. It will be a 
great point gained when these distinctions are, 
not removed, but understood. 

1738. The strict relation of the electrical and 
chemical powers renders the chemical mode of 
excitement the most instructive of all, and the 
case of two isolated combining particles is prob- 
ably the mmplest that we possess. Here how- 
ever the action is local, and we still want such 
a test of electricity as shall apply to it, to cases 
of current dectridty, and also to those of static 
induction. Whenever by Virtue of the previ- 
oudy combined condition of some of the acting 
particles <^) we are cabled, as in the voltaic 
p^, to expand or convert the local action into 
a cmrent^ then chemical action can be traced 
tfirou^ its variations to the production of all 
^ phenomena of tendon and the static state, 

being in every respect the same as if the 
le^rie lorceS produdng them had been de^* 


1739; It was BCrsefiusy I befove; who first 
spoke of the aptness of certain jiartioles to as^ 
some opposite states when in presence of each 
other (959). Hypothetically we may suppose 
these states toincreaseinintensity by increased 
approximation, or by heat, &g., until at a cer^ 
tain point combination occurs, accompanied by 
such an arrangement of the forces of the two 
particles between themselves as is equivalent to 
a discharge, producing at the same time a 
particle which is throughout a conductor ( 1700) . 

1740. This aptness to assume an excited elec- 
trical state (which is probably polar in those 
forming non-conducting matter) appears to be 
a primary fhdfc, and to partake of the nature of 
induction (1162), for the particles do nol seem 
capable of retaining their particular state inde- 
pendently of each other (1177) or of matrer in 
the opposite state. What appears to be definite 
about the particles of matter is their assAmp- 
tion of a particular state, as the positive or neg- 
ative, in relation to each other, and not of 
either one or other indifferently; and also the 
acquirement of force up to a certain amount. 

1741. It is easily conceivable that the same 
force which causes local action between two 
free particl^ shall produce current force if one 
of the parncles is previously in combination, 
forming part of an electrolyte (923, 1738). Thus 
a particle of zinc, and one of oxygen, when in 
presence of each other, exert their inductive 
forces (1740), and these at last rise up to the 
point of combination. If the oxygen be pre- 
viously in union with hydrogen, it is held so 
combined by an analogous exertion and 
arrangement of the forces; and as the forces of 
the oxygen and hydrogen are for the time of 
combination mutually engaged and related, so 
when the superior relation of the forces be- 
tween the oxygen and zinc come into play, the 
induction of the former or oxygen toward the 
metal cannot be brought on and increased with- 
out a corresponding deficiency in its induction 
towards the hydrogen with which it is in com^ 
bination (for ^e amount of force in a particle 
is considered as definite), and the latter there- 
fore has its force turned towards the oxygen of 
the next particle of water; thus |he effect may 
be considered as extended .fb sensible dis- 
tances, and thrown into t^cbndition of static 
induction, which being ^i^harged and then 
temored^ by the aotban of other particles pro- 
duces curreifts* 

1742. In the ebmmon voltaic battery, the 
current is oe^oned by the tendency of the 
zinc to take Ihe oxygen of the water from tte 
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hydrof^, the aSeetiTe action bdngat^pboe 
where the oxygen leaves &e previously exish- 
ing electrolyte. But Schcenbein has arranged a 
battery in which the effective action is at the 
other extremity of this essential part of the 
arrangement, namely, where oxygen goes to 
the electrol 3 rte.^ The first may be considered as 
a case where the current is put into motion by 
the abstraction of oxygen from hydrog^i the 
latter by that of hydrogen from oxygen. The 
direction of the electric current is in both cases 
the same, when referred to the direction in 
which the elementary particles of the electro- 
lyte are moving (923, 962), and both are equal- 
ly in accordance with the hypothetical view of 
the inductive action of the particles just de- 
scribed (1740). 

1743. In such a view of voltaic excitement 
the action of the particles may be divided into 
two parts, that which occurs whilst the force in 
a particle of oxygen is rising towards a particle 
of zinc acting on it, and falling towards the par- 
ticle of hydrogen with which it is associated 
(this being the progressive period of the in- 
ductive action), and that which occurs when 
the change of association takes place, and the 
particle of oxygen leaves the hydrogen and 
combines with the zinc. The formerappears to 
be that which produces the current, or if there 
be no current, produces the state of tension at 
the termination of the battery; whilst the lat- 
ter, by terminating for the time the influence of 
the particles which have been active, allows of 
others coming into play, and so the effect of 
current is continued. 

1744. It seems highly probable that excite- 
ment by friction may very frequently be of the 
same character. Wollaston endeavoured to re- 
fer such excitement to chemical action;^ but 
if by chemical action ultimate union of the act- 
ing particles is intended, then there are plenty 
of cases which are opposed to such a view. 
Davy mentions some such, and for my own 
part I feel no diflUculty in admitting other 
means of electrical excitement than chemical 
action, especially if by chemical action is meant 
a final combination of the partides. 

1745. Davy refers experimentally to tiie op- 
posite states which two particles having oppo- 
site chemical relations can assume when they 
are brought into f he dose vicinity of each other, 
but nof allowed to combine.* This, I tbink, is 

> PhUosqpfUedl MaqanMt 1838, XII, 226, 315. See 
Do la Bive*s restuts whh peroxide of xnansaneBe. 
•dnnoZ^ de 1836, liXl, p. 40., JOee. 1838. 

* Aiantoefieiit. 1801, p. 427« 


the first part of tiie artbn already desodbed 
(1743) ; (mt in my opinion it cannot give rise to 
a continuous current unless combination talfie 
place, so as to allow other particles to act suo- 
oessively in the same manner, said not even 
then unless one set of the particles be present 
as an element of an electrolyte (923, 963); 
i.e., mere quiescent contact alone without 
chemical action does not in such cases produce 
a current. 

1746. Still it seems very possible that such a 
relation may produce a Ugh charge, and thus 
give rise to excitement by friction. When two 
bodies are rubbed together to produce electric- 
ity in the usual way, one at least must be an 
insulator. During the act of rubbing, the par- 
ticles of opposite kinds must be brought more 
or less closely together, the few which are most 
favourably circumstanced being in such dose 
contact as to be short only of that which is con>^ 
sequent upon chemical combination. At such 
moments they may acquire by their mutual in- 
duction (1740) and partial ^charge to each 
other, very exalted opposite states, and when, 
the moment after, they are by the progress of 
the rub removed from each other's vicinity, 
they will retain this state if both bodies be in- 
sulators, and exhibit them upon their complete 
separation. 

1747. All the circumstances attending frio- 
tion seem to me to favour such a view. The ir- 
regularities of form and pressure will cause 
that the particles of the two rubbing surfaces 
will be at very variable distances, only a few at 
once being in that very close relation which is 
probably necessary for the development of the 
forces; further, those which are nearest at one 
time will be further removed at another, and 
others will become the nearest, and so by con- 
tinuing the friction many will in succession be 
excited. Finally, the lateral direction of the 
separation in rubbing seems to me the best fit- 
ted to bring many pairs of particles, first of all 
into that dose vicinity necessary for their as- 
suming the opposite states by relation to each 
other, and then to remove tiiem from eadb 
other’s influence whilst they retain that state, 

1748. It would be easy, on the Bsaae view^ 16 
explain hypothetically, how, if one of the nib^ 
bing bodtes be a ocmductor, as the amalgam of 
an dectiical machine, the state of the 
when it comes from under the friction is a. 
mass) exalted; but it would be folly to go fm* 
into such speculaticm before that already ad- 
vanced has been confinned qr correrted by fit 
experimental etddenoe. 1 do not irishit to be 
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1749. Wonderful as are the laws and phe- 
nomena of electricity when made evident to us 
in inorganic or dead matter, their interest can 
bear scarcely any comparison with that which 
Attaches to the same force when connected 
^h the nervous system and with life; and 
though the obscurity which for the present 
surrounds the subject may for the time also 
ve£i its importance, every advance in our knowl- 
tsdge of this mighty power in relation to inert 
tiikigs, helps to dissipate that obscurity, and 
to set forth more prominently the surpass- 
ing interest of this very high branch of physi- 
cal philosophy. We are indeed but upon the 
thr^old of what we may, without presump- 
tion, believe man is permitted to know of tl^ 
matter; and the many emiuent philosophers 
who have assisted in making this subject 
known have, as is y&cy evident in their writ- 
ings, felt up to the latest moment that such 
is the case. 

1750. The existence of animals able to give 
. the same concuscdon to the living system as the 
deotrical.machine, the voltaic battery, and the 
thunder-storm, being with their habits made 
, Icaown to us by Bicher, S’Gravesende, Firmin, 
WaUi, Humboldt, &c, &g., it became of grow*^ 
ing importance to identify the living power 
which they possess, with that which man can 
eall into action frmn inert matter, and by 
hhaa named eleotricity (265, 351). Wi& the tor- 
peio tins has bemi to perfection, and 
tile direction of the current of force deter- 
wdmi by the united and successive labours of 
Walshi^ Cavenditiif^OalvKEii,* Gardini,^ Hum- 
and Todd,* Sir Humphry 

yPhiloeojphuxa 1773, p. 461. 

. •jw.. me, p. 196. 

aurloMtamem^ II, 61. 

. . 4 Msiictrici wnu Natura, 1 71, Mantua, 179SU 

• AfinallMde Chimu, XIV, 16* 

TranMUtiimU, 1816, p. ISC^ ’ 


Read December 6, 1838 

• 4* I 

Davy,^ Dr. Davy,* Becquerel,* and Miitteucci.^ 

1751. The gymnotus has also been experi- 
mented with for the same purpose, ana the in- 
vestigations of Williamson, Garden, r Hum- 
boldt, “ Fahlberg,^^ and Guisan,'* have gone 
very far in showing the identity of the Wectric 
force in this animal with the electricity excited 
by ordinary means; and the two latter philoso- 
phers have even obtained the spark. 

1752. As an animal fitted for the further in- 
vestigation of this refined branch of science, 
the gymnotus seems, in certain respects, better 
adapted than the torpedo, especially (as Hum- 
boldt has remarked) in its power of bearing 
confinement, and capability of being preserved 
alive and in health for a long period. A gym- 
notus has been kept for several months in activ- 
ity, whereas Dr. Davy could not preserve tor- 
p^oes above twelve or fifteen da 3 rs; and Mat- 
teucci was not able out of 116 such fish to keep 
one living above three days, though every cir- 
cumstance favourable to their preservation 
was attended to.^ To obtain gymnoti has there- 
fore been a matter of consequence; and being 
stimulated, as much as 1 was honoured, by 
very kind communications from Baron Hum- 
boldt, I in the year 1835applied to the Colonial 
Office, where 1 was prond^ every assistance 
in procuring some of these fishes, and continu- 
ally expect to receive either news of them or 
the animals themselves. 

1753. Since that time Sir Everard Home has 
also moved a friend to send some gymnoti over, 

V lUd., 1829, p. 15. 

« Jtid., 1833, p, 269; and 1834, p. 531, 
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to ba.ocmfliippod to EBa Bjog^ Hi|^- 
nesB our late. Preadent; and other gehtiemen 
are also engaged in the same work. This spirit 
induces me to insert in the present communi- 
cation that part of the letter from Baron Hum- 
bcddt which I received as an answer to my in- 
quiry of how they were best to be conveyed 
across l^e Atlantic. He says, ^*The gymnotus, 
which is common in the IJanos de Caracas 
(near Calaboso), in all the small rivers which 
flow into the Orinoco, in English, French or 
Dutch Guiana, is not of difficult tram^orta- 
tion, We lost them so soon at Paris because 
they were too much fatigued (by experiments) 
immediately after their arrival. MM. Norder- 
ling and Fahlberg retained them alive at Paris 
above four months. 1 would advise that they 
be transported from Surinam (from Essequibo, 
Demerara, Cayenne) in summer, for the gym- 
notus in its native country lives in water of 25^ 
centigrade (or 77^ Fahr.). Some are five feet in 
height, but I would advise that such as are 
about twenty-seven or twenty-eight inches in 
length be chosen. Their power varies with their 
food, and their state of rest. Having but a small 
stomach they eat little and often, their food 
being cooked meat, not Baited^ small fish, or 
even bread. Trial should be made of their 
strength and the fit kind of nourishment before 
they are shipped, and those fish only selected 
alr^y accustomed to their prison. I retained 
them in a box or trough about four feet long, 
and sixteen inches wide and deep. The water 
must be/rcsA, and be changed every three or 
four days: the fish must not be prevented from 
coming to the surface, for they like to swallow 
air. A net should be put over and round the 
trough, for the gymnotus often springs out of 
the water. These are all the directions that I 


coptedihw ofer. this 
the kind assistapoe of Mr. Bradley of the Cats 
lery, Mr, Gassiot, and occasionally other gen- 
tlemen, asProfessorsDaniell, Owen and ^eat- 
stone, I have obtained every proof of the idenr 
tity of its power with common deetricity (268^ 
351, &c.). All of these had been obtained before 
with the torpedo (1760), and some, as the 
shock, circuit, and spark (1751), with the gym- 
notus; but still 1 thfok a brief account c£ the 
results will be acceptable to the Boyal Society,, 
and I give them as necessary preliminary exr 
periments to the investigations which we may 
hope to institute when the expected supply ^ 
animals arrives (1752). 

1755. The fish is forty inches long. It y/im 
caught about March 1838; it was brought to 
the Gallery on the 15th of August, but did not 
feed from the time of its capture up to the lfl|th 
of October. From the 24th of August Mr, Brad- 
ley nightly put some blood into the water« 
which was changed for fresh water next mom- 
mg, and in this way the animal perhaps ob- 
tained some nourishment. On the 19th of Octo- 
ber it killed and eat four small fish; since tiien 
the blood has been discontinued, and the ani- 
mal has been improving ever since, consuming 
upon an average one fish daily ; 

1756. 1 first experimented with it on the 3rif| 
of September, when it was apparently langu^ 
but gave strong shocks when the hands 
favourably disposed on the body (1760, 11^3, 
&c.). The experiments were made on four dif- 
ferent days, allowing periods of rest from a 
month to a week between each. His haedth 
seemed to improve continually, and it was dur- 
ing this period, between the third and fourth 
days of experiment, that he began to eat. 

1757. Beside the hands two &idB of coUec- 


can give you. It is, however, important that the 
ank^ should not be torment or fatigued, 
for it b^mes exhausted by frequent electric 
explosions. Several gymnoti may be retained 
in the same trough.” 

1754. A gymnotus has lately been brought to 
this country by Mr. Porter, and purdha^ by 
the proprietors of theGallery in AddakleStreet : 
they immediately most liberally offered me the 
lib^y of experimenting with the fi^for scien- 
tific purposes^ they placed it for the tiipie ex- 
clusivriy at my wpcMsal, that (in aopprilance 
with Humboldt’s di^etions (1763] ) ito powers 
mifihtimt be impaired; cply dmimg me to iusye 
a regaid for its life and health. I was 
to advantage of thw wish to forward the 


tors were used. The one sort consisted each of a 
copper rod fifteen inches long, having a coi^p;^ 
disc one inch and a half in (fleeter braim.^^ 
one extremity, and a copper cylinder to ser^ 
asahandle, with large contact to the hand, fixed 
to the otb^, the rod from the disc upwards 
ing well covered with a thick caoutchouc . 
to insulate that from the water. By thM 
the states of particular parts of tiie fish 
in theiTvater coiid be ascertained. 

1768. The . other kmd of coltectom 
tended to meet the difficulty preseiUfed by ^ 
(x>mplefo immurrion of the fieh to .Idr 
even when obtaining the spark itsrif I dU sm 
think myself justified in asking for the twmoval 
of the animal into air. A plate of oop>per risht 
, iTha fish .eaten were gudoBons, joarp, and penk. 
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indies Loe^ hy two bches and a half widSi wa$ 
bentmtoasaddleshape, that it mi^t pass oveif 
the and inclose a certain extent of the back 
and eddes, and a thick copper wire was brased 
. to it|^ to convey the electric force to the experi- 
mental apparatus; a jacket of sheet caoutchouc 
was put over the saddle, the edges projecting 
at the bottom and the ends; the ends were 
made to converge so as to fit in some degree the 
body of the fish, and the bottom edges were 
made to spring against any horizontal surface 
on which the saddles were placed. The part of 
the wire liable to be in the water was covered 
with caoutchouc. 

1759. These conductors being put over the 
fish, collected power sufficient to produce many 
electric effects; but when, as in obtaining the 
spark, every possible advantage was needful, 
Jthen glass plates were placed at the bottom of 
Sie water, and the fish being over them, the 
conductors were put over it until the lower 
caoutchouc edges rested on the glass, so that 
the part of the animal within the caoutchouc 
was thus almost as well insulated as if the gym- 
notus had been in the air. 

1760. Sh4^. The shock of this animal was 
very powerful when the bands were placed in a 
favourable position, i.e., one on the body near 
the head, and the other near the tail ; the near- 
er the hands were together within certain lim- 
its the less powerful was the shock. The disc 
conductors (1757) conveyed the shock very 
well when the hands were wetted and applied 
in close contact with the cylindrical handles; 
but scarcely at all if the handles were held in 
the dry hands in an ordii^ry way. 

1761. Gahaviometer, Using the saddle con- 
ductors (1758) applied to the anterior and pos- 
terior parts of the gymnotus, a galvanometer 
was readily affected. It was not particularly 
ddicate; for zinc and platina plates on the up- 
pest and lower surface of the tongue did not 
cause a permanent deflection of more than 25^; 

when the fish gave a powerful discharge the 
deflexion was as much as 30°, and in one case 
eveh 4Cr < The deflection was constantly in a 
^ven direction, the electric current being al- 
ways from the anterior parts of the animal 
throu^ the galvanmneter wire to the posterior 
{uirts. The former were therefore for the time 
externally^ positive, and the latter negative. 

1762. a moffnet. When a little helix 
^tainingtwentyi-twofeetofsilkedwirewoi^^ 

a miff was put intb the circuit, and an an- 
imated stec^ ne^ie placed in the the nee- 

biNMine a magnet, and the direction of its 


polarity In ever^ case in^cated a current from 
the anterior to the posterior parts of the gym- 
notus through the conductors used. 

1763. Chemiedl decmipositum. Polar decom- 

position of a solution of iodide of potassium 
was easily obtained. Three or four folds of paper 
moistened in the solution (322) were placed 
between a platina plate and the end of a wire 
also of platina, these being respectively con- 
nected with the two saddle conductors (1758). 
Whenever the wire was in conjunction With 
the conductor at the fore part of the gymnotus, 
iodine appeared at its extremity; but when con- 
nected with the other conductor, none was 
evolved at the place on the paper whe^e it be- 
fore appeared. So that here again the direction 
of the current proved to be the same\as that 
given by the former tests. \ 

1764. By this test I compared the middle 
part of the fish with other portion's befOTe and 
behind it, and found that the conductor A, 
which being applied to the middle was negative 
to the conductor B applied to the anterior parts 
was, on the contrary, positive to it when B was 
applied to places near the tail. So that within 
certain limits the condition of the fish externally 
at the time of the shock appears to be such that 
any given part is negative to other parts anter- 
ior to it, and positive to such as are behihd it. 

1765. EvolvMon of heat. Using a Harris 
thermo-electrometer belonging to Mr. Gassiot, 
we thought we were able in one case, namely 
that when the deflection of the galvanometer 
was 40° (1761), to observe a feeble elevation of 
temperature. I was not observing the instru- 
ment myself, and one of those who at first be- 
lieved they saw the effect now doubts the re- 
sult.^ 

1766. iSporfc. The electric spark was obtained 
thus. A good magneto-electric coil, with a core 
of soft iron wire, had one extremity made fast 
to the end of one of the saddle collectors (1758), 
and the other fixed to a new steel file; another 
file was made fast to the end of the other Col- 
lector. One persdu then rubbed the point of 
one of these files over the face of the other, 
whilst another person put the collectors over 
the fish, and endeavoured to excite it to action. 
By the friction of the files contact was made 
and broken vei7 frequently; and the object 
was to catch the moment of the current through 
the wire and helix, and by breaking contact 
dtifing the current to make the electricity sen*- 
irible as a s^rk. 

. .tla more recent eameriments oi the same kiiid we 
cctiid not dbtttin the effect 
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1767. Tbd spftrk woe ,obta|ne4 four time$» 
and neaiiy aJl who w«re preheat saw it. Tbat it 
was not du6 to the mere atl^tion of the two 
piles was shown by its not occurring when the 
files were rubbed together, independently of 
the animal. Since then I have substituted for 
the lower file a revolving steel plate, cut file 
faction on its face, and for the upper file wires 
of iron, copper and silver, with all of which the 
spark was obtained.^ 

1768. Such were the general electric phenom- 
ena obtained from this gymnotus whilst living 
and active in his native element. On several oc- 
casions many of them were obtained together; 
thus a magnet was made, the galvanometer de- 
flected, and perhaps a wire heated, by one single 
discharge of the electric force of the animal. 

1769. I think a few further but brief de- 
tails of experiments relating to the quantity 
and disposition of the electricity in and about 
this wonderful animal will not be out of place 
in this short account of its powers. 

1770. When the shock is strong, it is like that 
of a large Leyden battery charged to a low de- 
gree, or that of a good voltaic battery of per- 
haps one hundred or more pair of plates, of 
which the circuit is completed for a moment 
only. I endeavoured to form some idea of the 
quantity of electricity by connecting a large 
Leyden battery (291) with two brass balls, 
above three inches in diameter, placed seven 
inches apart in a tub of water, so that they 
might represent the parts of the gymnotus to 
which the collectors had been applied; but to 
lower the intensity of the discharge, eight inch- 
es in length of six-fold thick wetted string were 
interposed elsewhere in the circuit, this being 
found necessary to prevent the easy occurrence 
of the spark at the ends of the collectors (1758), 
when they were applied in the water near to 
the balls, as they had been before to the fish. 
Being thus arranged, when the battery was 
strongly charged and discharged, and the hands 
put into the water near the balls, a shock was 
felt, much resembling that from the fish; and 
though the experiments have no pretension to 
accuracy, yet as the tension coui4 he in some 
degree imitated by reference to the more or 
less ready production of a spark, and after that 
the shock be used to indicate whether the quan- 
tity was about the same, I think we may con- 
clude that a single medium discharge of the 

* At a later meeting, at which attempts were made 
to cause theiSttraption of gold leaves, the wark waa 
pbtajined directly between fixed surfacesi the induo- 
uve coii (1766) being removed, and only short wires 
vby e emp arieoa) employed. 


fifib is at least equal to the electrimty qf a 
den batteiy of fifteen jars, containing 38^ 
square mehm of glam coated on bol^ sides, 
diarged to its hipest degree (291). This con-* 
elusion, respecting the great quantity of dee- 
tricity in a single gymnotus shock, is in perfect 
accordance with the degree of deflection which 
it can produce in a galvanometer needle (367| 
860, 1761), and also with the amount of chemi^ 
cal decomposition produced (374, 860, 1783) in 
the electrolysing experiments. 

1771. Great as is the force in a single dia* 
charge, the gymnotus, as Humboldt describes^ 
and as I have frequently experienced, gives a 
double and even a triple shock; and this capa- 
bility of immediately repeating the effect wtth 
scarcely a sensible interval of time, is very im- 
portant in the considerations which must arise 
hereafter respecting the origin and excitement 
of the power in the animal. Walsh, Humboldt, 
Gay-Lussac, and Matteucci have remarked the 
same thing of the torpedo, but in a far more 
striking degree. 

1772. As, at the moment when the fish wills 
the shock, the anterior parts are positive and 
the posterior parts negative, it may be conclud- 
ed that there is a current from the former to 
the latter through every part of the water which 
surrounds the animal, to a considerable dis- 
tance from its body. The shock which is felt, 
therefore, when the hands are in the most fa- 
vourable position, is the effect of a very small 
poi-tion only of the electricity which the animal 
discharges at the moment, by far the largest 
portion passing through the surrounding water. 
This enormous external current must be accom- 
panied by some effect within the fish equivakfd 
to a current, the direction of which is from the 
tail towards the head, and equal to the sum of 
all Uiese external forces. Whether the process of 
evolving or exciting the electricity within the 
fish includes the pr<^uction of this internal cip>- 
rent (which need not of necessity be as quick 
and momentary as the external one) , we cannot 
at present say; but at the time of the shock the 
animal does not apparently feel the electric senr 
sation which he causes in those around him^ 

1773. By the help of the accompanying diar 

gram I wUl state a few experiment^ resqlta 
which illustrate the current around the fish, l|Sidr 
show the cause of the difference in character^ 
the shock oceaaoned by the various ways ia 
which the person is connected with ^ animal, 
or his position altered with r^pect to it« Tim 
large circle reiwesentstbe tub in which theaid- 
mal is oonfined;its is forty-six 
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lutif; it is sui>ported on dty' wooden. Isgs. ']%e 
i*^vemt the fdaees where hands or 

dise emduetors (1757) were ai^lied, and 
where they ate close to the figure of Ae animal, 
it bathes that contact with the fish was made. 
iWffldesignatedifferentpersoBsby A, B, C, Ac., 
A 'IMag the person w^ excited the fii^ to 
adtion. 

1774. When one hand was in the water the 
shock was felt in that hand only, whatever part 
of tile fitii it was applied to; it was not very 
staong, and was only in the part immersed in 
the water. When the hand and part of the arm 
were in, the shock was felt in all the parts im- 
nMHsed. 



1775. When both hands were in the water at 
tiid earns part of the fitii, still the shock was 
oOtElmratively wedc, and only in the parts im> 
If the hands were on opposite sides, as 
alt'l, 2; or at 3, 4, or 5, €, ot if one was above 
ihil the other btiow at the smne part, the ^ect 
the- same. When the disc collectors were 
tisedlntheee positions no effect was Mt by the 
>pe(8Q& hokfing them (and this eorrmiponde with 
theobemvatitm trf Gay-Lussac on toipedo^),^ 
vMit other pmecnm, witii both hands in at a 
disfaoee from the fiih, Mt oontidmahle riiocks. 
. '1776. When b0& haoddor tiie dise eoUeetors' 
iif^.i^plied at pfatoea separated by a part of 
.yil||d4en^h of the aidinal,a8 at 1,3, or 4, 6, or 3, 
"^ilhien -strong ihoeks eatnuiins wp the arms,' 
tfaig i w w tw de OMsii*, ^ IS. 
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ceoiM, ihov^ o^oOther 
hand in atany<rft!l^ places, 
little. The shock oonld be obtained at parts very 
near the tail, as at 8, 9. 1 think it was si^Pngest 
at about 1 and 8. As the hands were brought 
nearer together the ^ect diminished, until be- 
ing in the same cross plane, it was, as before de- 
scribed, only sensible in the parts immersed 
(1775). 

1777. Bplacedhishand8atl0,ll,atleastfour 
inches from the fish, whilst A touched the ani- 
mal with a glass rod to excite it to action; B 
quickly received a powerful shock. In another 
experiment of a similar kind, as respects the 
non-necessfty of touching the fish, seveml per- 
sons received shocks indepeiMently 
of each other; thus A was at 4, 6; B 
at 10, 11; C at 16, 17; and D kt 18, 
19; all were shocked at once, and 
B very strongly, C and D feeblV. It 
is very useful, whilst experimeming 
with the galvanometerorotherinstru- 
mental arrangements, for one person 
to keep his hands in the water at a 
moderate distance from the animal, 
that he may know and give informa- 
tion when a discharge has taken place. 

1778. When B Imd both hands at 
10, 11, or at 14, 15, whilst A had but 
one hknd at 1, or 3, or 6, the former 
felt a strong ehock, whilst the latter 
had but a weak one, though in con- 
tact with the fish. Or if A had both 
hands in at 1, 2, or 3, 4, or 5, 6, the 
effect was the same. 

1779. If A had the hands at 3, 5, B 
at 14, 15, and C at 16, 17, A received 
the most powerful shock, B the next 

powerful, and C the feeblest. 

1780. When A excited Ibe gymnotus by his 
bands at 8, 9, whilst B was at 10, 11, the latter 
had a mu^ stronger shock than the former, 
though the former touched and excited the 
animal. 

1781. A excited ^e fiidi by one hand at 3, 
whilst B had both hands at 10, 11 (or along), 
and C had the hands at 12, 13 (or across); A 
had the priddng shock in the immersed Imd 
only (1774); Bl^ a strong fibock up the arms; 
C fdK; but a sli|^t effect in the immersed jparts. 

1782. The experiments 1 have just deecrfbed 
are of such a nature as to require.mwy repeti- 
tions bef^ general rei^ts drawn from 
them can be bomndeied as ie^biyied; nbr 4d 
1 pret^d to say t^t dmy aroanytib^ 
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ibrn mdiea&ns of the durOciion of ^ ioi«a 
It is not at all impossible that the fish may 
have the power of throwing each of its four 
electric organs separately into aetion^ and so 
to a certain degree direct the diock, ue,, he may 
have^^e capability of causing the electric cur- 
rent to emanate from one side, and at the same 
time bring the other side of his body into such 
a condition, that it shall be as a non-conductor 
in that direction. But I think the appearances 
and results are such as to forbid the supposi- 
tion, that he has any control over the direction 
of the currents after they have entered the 
fluid and substances around him. 

1783. The statements also have reference to 
the flsh when in a straight form; if it assume a 
bent shape, then the lines of force around it 
vary in their intensity in a manner that may be 
anticipated theoretically. Thus if the hands 
were applied at 1, 7, a feebler shock in the arms 
would be expected if the animal were curved 
with that side inwards, than if it were straight, 
because the distance between the parts would 
be diminished, and the intervening water there- 
fore conduct more of the force. But with respect 
to the parts immersed, or to animals, as fish in 
thjR water between 1 and 7, they would be more 
powerfully, instead of less powerfully, shocked. 

1784. It is evident from all the experiments, 
as well as from simple considerations, that all 
the water and all the oonductmg matter around 
the fish through which a discharge circuit can 
in any way be completed, is fill^ at the mo- 
ment with circulating electric power; and this 
state might be easily represented generally in a 
diagram by drawing the lines of inductive ac- 
tion (1231, 1304, 1338) upon it: in the case of a 
gymnotus, surrounded equally in all directioBS 
by water, these would resemble generally, in 
disposition, the magnetic curves of a magnet, 
having the same straight or curved shape as the 
animal, i.e., provided he, in such cases, em- 
ployed, as may be expected, his four electric 
organs at once. 

1785. This gymnotus c^ stun and IdU fidi 
which are in very various poations to its own 
body; but on one day when I saw it eat, its ac- 
tion seemed to me to be peculiar^ A live fish 
about five inches in length, cau^t not half a 
minute b^ore, was drapped into the, tub* The 
gymnotus instantly turned round in such a 
maimer ^ tp form a cm! indosmg the 
lattki^presenting adiametar acrossitiaahodc 
passed; >3^ there in an inetant was tbe ;fi^ 

as if bv 


midst of the wateie, its ride floating to theiii^ 
The gymnotus made a turn or two to took far 
its prey, which having found he bolted, tmd 
then went searching about for more. A second . 
smaller fidi was given him, which being hurt in 
the conveyance, diowed but little signs of life^ 
and this he swallowed at once, apparentiy with*- 
out shocking it. The coiling of the gymnotus 
round its prey had, in this case, every appear- 
ance of being intentional on its part, to in- 
crease the force of the shock, and the action is 
evidently exceedingly well suited for that puri- 
pose (1783), being in full accordance .with the 
well-known laws of the discharge of currents in 
masses of conducting matter; and thou|d^ the 
fish may not always put this artifice in prac- 
tice, it is very probable he is aware of its ad- 
vantage, and may resort to it in cases of need. 

1785. Living as this animal does in the midst 
of such a good conductor as water, the first 
thoughts are thoughts of surprise that it can 
sensibly electrify anything, but alittle consider* 
ation soon makes one conscious of many points 
of great beauty, illustrating the wisdom of the 
whole arrangement. Thus the very conducting 
power which the water has; that which it gives 
to the moistened skin of the fish or animal to 
be struck; the extent of surface by which the 
fish and the water conducting the charge to it 
are in contact; all conduce to favour and ich 
crease the shock upon the doomed animal, and/ 
are in the most perfect contrast with the ineffi- 
cient state of things which would exist if the 
gymnotus and the fish were surrounded by air; 
and at the same time that the power is one of 
low intensity, so that a dry skin wards it off, 
though a moist one conducts it (1760) ; so is it 
one of great quantity (1770), that thou^ the 
surrounding water does conduct away much, 
enou^ to produce a full effect may take its 
course through the body of the fish that is tq 
be cau^t for food, or the enemy that is to be 
conquered. 

1787. Another remarkable result of ther^ 
tion of the gymnotus and its prey to the medl;-, 
urn around them is, that the larger the fidi to 
be kiUed or etunn^, the greater will be 
shodc to whiribi it is subject, Ibougb tbe ^ 
notus may exert only an equal power; foT: w: 
huge fish has pa^g through its body tbois 
cunente of electricity, which, in the ease of a 
smaller mie, would have been conv^ed hann** 
less by the water at its sides. 

1788. The gymnotus appem to be aeosiMe 
when he has shocked an animal., being made 
cemsoiottaof it, probably, by theoiachM^iw- 
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piibe he recehriBS, caused by the spasms into vetBe of this, and shown us how to convert the 


which it is thrown. When I touched him with 
my hands, he gave me shock after shock; but 
when I touched him with glass rods, or the in- 
sulated conductors, he gave one or two shocks, 
frit by others having their hands in at a dis- 
tance, but then ceased to exert the influence, as 
if made aware it had not the desired effect. 
Again, when he has been touched with the con- 
ductors several times, for experiments on the 
galvanometer or other apparatus, and appears 
to be languid or indifferent, and not willing to 
give shocks, yet being touched by the hands, 
^ey, by convulsive motion, have informed him 
thS.t a sensitive thing was present, and he has 
quickly shown his power and his willingness to 
astonish the experimenter. 

- 1789. It has been remarked by Geoffroy St. 
Hilaire that the electric organs of the torpedo, 
gymnotus, and similar fishes, cannot be consid- 
ered as essentially connected with those which 
are of high and direct importance to the life of 
the animal, but to belong rather to the common 
teguments; and it has also been found that 
such torpedoes as have been deprived of the 
use of their peculiar organs, have continued the 
functions of life quite as well as those in which 
they weio allowed to remain. These, with other 
considerations, lead me to look at these parts 
with a hope that they may upon close investi- 
gation prove to be a species of natural appara- 
tus, by means of which we may apply the prin- 
ciples of action and reaction in the investigation 
of the nature of the nervous influence, 

1790. The anatomical relation of the nervous 
system to the electric organ; the evident ex- 
haustion of the nervous energy during the pro- 
duction of electricity in that organ; the appar- 
^ly equivalent production of electricity in 
proportion to the quantity of nervous force 
consumed; the constant direction of the cur- 
rent produced, with its relation to what we may 
belief to be an equally constant direction of 
the nervous energy thrown into action at the 
same time; all induce me to believe, tiiat it is 
not imposrible but that, on passing electricity 
peorforee through the organ, a reaction backup- 
on the nervous system belonging to it imght 
take plaice, and tiiat a restoration, to a greater 
ox smaller degree, of that which the animal ex- 
pnods in the act of exciting a current, might 
j^rhapi^ be efiPected* We have the analogy in 
toheatandmagi^ Seebeck taught 

di how to commute heat into electricity; and 
FeltiiP hm more late^r given US tiie stiict con- 


electricity into heat, including both its relation 
of hot and cold. Oersted showed how we were 
to convert electric into magnetic forces, and I 
had the delight of adding the other member of 
the full relation, by reacting back again and 
converting magnetic into electric forces. So per- 
haps in these organs, where nature has provid- 
ed the apparatus by means of which the animal 
can exert and convert nervous into electric 
force, we may be able, possessing in that point of 
view a power far beyond that of the fish itself, 
to reconvert the electric into the nervous force. 

1791. This may seem to some a vdry wild 
notion, as assuming that the nervous power is 
in some degree analogous to such p^ers as 
heat, electricity, and magnetism. I am (mly as- 
suming it, however, as a reason for makiW cer- 
tain experiments, which, according as th^ give 
positive or negative results, will regulati^ fur- 
ther expectation. And with respect to the nature 
of nervous power, that exertion of it which is 
conveyed along the nerves to the various or- 
gans which they excite into action, is not the 
direct principle of life; and therefore I see no 
natural reason why we should not be allowed 
in certain cases to determine as well tis observe 
its course. Many philosophers think the power is 
electiicity. Priestley put forth this view in 1774 
in a very striking and distinct foim, both as re- 
gards ordinary animals and those which are 
electric, like the torpedo.^ Dr. Wilson Philip 
considers that the agent in certain nerves is 
electricity modified by vital action.* Matteucci 
thinks that the nervous fluid or energy, in the 
nerves belonging to the electric organ at least, 
is electricity.® MM. Prevost and Dumas are of 
opinion that riectricity moves in the nerves be- 
longing to the muscles; and M. Prevost adduces 
a beautiful experiment, in which steel was mag- 
netized, in proof of this view; which, if it should 
be confirmed by further observation and by 
other philosophers, is of the utmost conse- 
quence to the progress of this high branch of 

» Priestley on Air, Vol. I, p. 277; edition of 1774. 

» Dr. Wilson Philip is of opinion, that the nerves 
which excite the muscles and effect the chemical 
changes of the vital functions, opiate by the elec- 
tric power supplied by the brain and spinal marrow, 
in its effects, ihodified by the vital powers of the liv- 
ing animal; because he found, as he informs me, M 
early as 1815, that while the vital powers remain, cm 
these functions can be as well performed by voltaic 
electricity c^r the removal of the nervous influ- 
ence, as by that influence itself; and in the end of 
that year he presented a paper to the Royal Society* 
which was at one of their meetings, giving au 
aocoimt of the experiments on which this position 
was founded. 

^BmisOU^ mivenate, X837, Vol. XR, m. 
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knowledge.* Now thou^ I am not as yet ocm- 
vinoed by the facts that tihe nervous fluid is 
only electricity, still I think that the agent in 
the nervous system may be an inorganic force; 
and if there be reasons for supposing lliat mag§ ** 
netism is a higher relation of force than elec- 
tricity (1664, 1731, 1734), so it may well be 
imagined that the nervous power may be of a 
still more exalted character, and yet within the 
reach of experiment. 

1792. The kind of experiment I am bold 
enough to suggest is as follows. If a gymnotus 
or torpedo has been fatigued by frequent exer- 
tion of the electric organs, would the sending of 
currents of similar force to those he emits, or of 
other degrees of force, either continuously or 
intermittingly in the same direction as those he 
sends forth, restore him his powers and strength 
more rapidly than if he were left to his natural 
repose? 

1793. Would sending currents through in the 
contrary direction exhaust the animal rapidly? 
There is, 1 think, reason to believe the torpedo 
(and perhaps the gymnotus) is not much dis- 
turbed or excited by electric currents sent only 

1 Ibid, 1837, XII, 202; XIV, 200. 


throui^ the electric organ ; so that these experi^ 
ments do not appear very difficult to 

1794. The dispwtion of the organs in the 
torpedo su^st still further experiments on tho 
same principle. Thus when a current is sent hi 
the natural direction, i.e., from below upwards 
through the organ on one side of the fish, will it 
excite the organ on the other ride into action? 
or if sent through in the contrary direction^ 
will it produce the same or any effect on that 
organ? Will it do so if the nerves proceedmg to 
the organ or organs be tied? and will it do so 
after the animal has been so far exhausted by 
previous shocks as to be unable to throw the 
organ into action in any, or in a similar, degree 
of his own will? 

1795. Such are some of the experiments which 
the conformation and relation of the electric 
organs of these fishes suggest, as being rational 
in their performance, and promising in antici- 
pation. Others may not think of them as I do; 
but 1 can only say for myself that, were the 
means in my power, they are the very first I 
would make. 

Royal Inatitviion, November 9, 1838 


SIXTEENTH SERIES 


% 9A. On the Source of Power in the VoUaic Pile i. Exciting 
Electrolytea, Ac,, Being Condudors of Thermo and Feeble Currents 
If ii. Inactive Conducting Circles Containing a Fluid or Electrolyte 
^ iii. Active Circles Excited by Solution of Sulphuret of Potassium^ &c. 
Received January 23, Read February 6, 1840 


§ 24. On the Source of Power in the VoUaic 
Pile 

1796. What is the source of power in a voltaic 
pile? This question is at present of the utmost 
importance in the theory and to the develop- 
ment of electrical science. The opinions held re- 
specting it are various ; but by fkr the most im- 
portant are the two which respectively find the 
source of power in contact, and in chemical 
force. The question between them touches the 
first principles of riectrical action; for the opin- 
ions are in such contrast that two men respect- 
ively adopting IJiem are thenceforward con- 
strained to differ, in every pointi respecting the 
probable and iniimate nature of the agent or 
force oawbich all the phenomena of tiie voltaic 
pile depend. 


1797. The theory of contact is the theory of 
Volta, the great discoverer of the voltaic pile 
itself, and it has been sustained since his day 
by a host of philosophers, amongst whom, in 
recent times, rank such men as Pfaff , MarianW, 
Fechner, Zamboni, Matteueci, Karsten, Bour 
chardat, and as to the excitement of the power, 
even Davy; all bright stars in the exalted re- 
pons of science. The theory of chemical action 
was first advanced by Fabroni,* Wollaston,^ 
and Parrot,’ and has been more or less devri- 


1 A.D. 1792, 1799. Beociuerel's Traiti de Z'Asefri- 
eUS, I, pp. 81-91; and Nicholion** Quarto Jo%amalf 
III, 308; IV, 120; or Journal de Phyeigue, VI, 348. 

< A,D. 1801. PhUoeopkieal Traneaetione, 1801, p. 
427. 

* A.P. 180L Annoto de Chimikf 18291, JOAl, 48; 
1831, XLVI, 361. 





Dd la^Bive, ^ 

Bit^e) PouiBdt, Schc^b^, «nd many otbers, 
amongst v&om Becquerd oui^t to be distin* 
gtished as having contributed, from the first, 
a '^KXQlthiiially increasing mass of the strongest 
e9^()arihimital evidence in proof that chemical 
action always evolves electricity;^ and De la 
BivC diould be named as most clear and con- 
stant in his views, and most sealous in his pro- 
dilietion of facts and arguments, from the year 
1827 to the present time.^ 

’ 17te. Examining this question by the results 
of definite electro-chemical action, I felt con- 
strained to take part with those who believed 
the ori^n of voltaic power to consist in chemi- 
cal action alone (875, 965), and ventured a 
paper on it in April 1834* (875, &c.)> which ob- 
tained the especial notice of Marianini.^ The 
j:tDk of this philosopher, the observation of 
]^hner,* and the consciousness that over the 
gx^ter part of Italy and Germany the contact 
theory still prevailed, have induced me to re- 
examine the question most carefully. I wished 
not merely to escape from error, but was anx- 
ious to convince myself of the truth of the con- 
tact theory; for it was evident that if contact 
electromotive force had any existence, it must 
be a power not merely unlike every other nat- 
ural power as to the phenomena it could pro- 
duce, but also in the far higher points of limita- 
tion, definite force, and finite production (2065) . 

1799. 1 venture to hope that the experimental 
r^lts and arguments which have been thus 
gathered may be useful to science. I fear the 
detail will be tedious, but that is a necessary 
ccmsequence of the state o^^the subject. The con- 
tact theory ha? long had possession of men’s 
minds, is sustain by a great weight of authori- 
ty, and for years had almost undisputed sway 
in^KMEne parts of Europe. If it be an error, it can 
€^y be rooted out by a great amount of forcible 
experimental evidence; a fact sufficiently dear 
to my mind by the drcumstance, that De la 
mWs papers have not already convinced the 
workers ^pon this subject. Hence the reason 
why I havb thou^t it imedful to add my further 






^ AanoZet de Chitnie, 1824, XXY* 
XLVI, 265, 276. 337; 


XXKm 286^! XXXK. M7; 188#, 
liJQl, 147: or Mimoiree 4e Oenhe, 1829, IV, 285; 
1382, VI. 149; 1636, VH. 

: 31834, p. 425. 

‘^ M&rnotie dma Sotm liaidaiiia in Modena, 1837, 
3E2a,p.206. 

^Pmoio^eat Magaem^ 1838, XIH, 205; or 


testhmmy that of othem, 

into detail and multi{dy&g facts in a propor- 
tion far beyond any which Would have bemi re^ 
quired for the proof and promulgation of a new 
scientific truth (2017). In so doing I may ooca-. 
sionally be mily enlargmg, yet then I hope 
strengthening, what others, and expedally De 
la Rive have done. 


1800. It will tend to clear the question, if the 
various views of contact are first stated. Volta’s 
theory is, that the simple contact of conduct- 
ing bodies causes electricity to be developed at 
the point of contact without any change in 
nature of' the bodies themselves; add that 
thou^ such conductors as water and ^ueous 
fluids have this property, yet the dwree in 
which they possess it is unworthy of coimidera- 
tion in comparison with the degree to wmch it 
rises amongst the metals.* The present views of 
the Italian and German contact philosophers 
are, I believe, generally the saine, except that 
occasionally more importance is attached to the 
contact of the imperfect conductors with the 
metals. Thus Zamboni (in 1837) considers the 
metallic contact as the most powerful source of 
electricity, and not that of the metals with the 
fluids;^ but Karsten, holding the contact the- 
ory, transfers the electromotive force to the con- 
tact of the fluids with the solid conductors.* 
Marianini holds the same view of the principle 
of contact, with this addition, that actual con- 
tact is not required to the exertion of the excit- 
ing force, but that the two approximated dissim- 
ilar conductors may affect each other’s state, 
when separated by sensible intervals of the 
Mooooth of a line and more, air intei'vening.* 

1801. De la Rive, on the contrary, contends 
for simple and strict chemical action, and, as 
far as I am aware, admits of no current in the 
voltaic pile that is not conjoined with and de- 
pendent upon a complete chemical effect. That 
admirable electrician Becquerel, though ex- 
pressing himself with great caution, seems to 
admit the posribDity of chemical attractions 
being able to produce electrical currents when 
th^ are not strong enough to overcome the 
force of coherion, and so terminate in combina- 
tion^ Schoenbein states that a current may be 
pitKlucedbyatefidency to chemical actkm»i*8M 


• Annalee de ChknU, im, XL, p. 225. 

f BildioiMgueUnieereeUe, 1836, V, 387; 1837, VIII» 
189l 

• L*7na<iftii.No.l5a. 

• Mem* deiia See. ItaL in Modena , , 1837, XXlf 
282-2^« 

y AnndUedeWdmie,tm, LX. m; snd 
rilectneiU, I, pp. 253, 258. 
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cheinically may p)x)ducia & cUtr^t^ ^ough 
tendency is not followed up by the actual com- 
bination of the substances.^ In these cases the 
assigned force becomes the same as the contact 
of Volta, inasmuch as the acting matters are 
not altered whilst producing the current* Davyds 
opinion was, that contact like that of Volta ex- 
cited the current or was the cause of it, but 
that chemical changes supplied the current. 
For myself I am at present of the opinion which 
De la Rive holds, and do not think that, in 
the voltaic pile, mere contact does anything in 
the excitation of the current, except as it is 
preparatory to, and ends in, complete chem- 
ical action (1741, 1746). 

1802. Thus the views of contact vary, and it 
may be said that they pass gradually from one 
to another, even to the extent of including 
chemical action: but the two extremes appear 
to me irreconcilable in principle under any 
shape; they are as follows. The contact theory 
assumes that when two different bodies being 
conductors of electricity aie in contact, there is 
a force at the point of contact by which one of 
the bodies gives a part of its natural portion of 
electricity to the other body, which the latter 
takes in addition to its own natural portion; 
that, though the touching points have thus re- 
spectively given and taken electricity, they 
cannot retain the charge which their contact 
has caused, but discharge their electricities to 
the masses respectively behind them (2067): 
that the force which, at the point of contact, in- 
duces the particles to assume a new state, can- 
not enable them to keep that state (2069) : that 
all this happens without any permanent alter- 
ation of the parts that are in contact, and has 
no reference to their chemical forces (2065, 
2069). 

1803. The chemical theory assumes, that at 
the place of action, the particles which are in 
contact act chemically upon each other and are 
able, under the circumstances, to throw more 
or less of the acting force into a dynamic form 
(947, 996, 1120): that in the most favourable 
circumstances, the whole is converted into dy- 
namic force (1000): that then the amount of 
current force produced is an exact equivalent 
of the origmal chemical force employed; and 
that in no case (m the voltaio {nle) can any 
electric cuirent be produced, without the active 
exertion and consumption an eqmd amount 



of chmmed force, a i^ven amount 

1804. Marianini^s paper^ was to me a great 
motive for re-examining the subject; but the 
course I have taken was not so much for the 
purpose of answering particular objections, as 
for the procuring evidence, whether rdating to 
controverted points or not, which should be 
satisfactory to my own mind, open to reedve 
either one theory or the other. This paper, there- 
fore, is not controversial, but contains further 
facts and proofs of the truth of De la Rive’s 
views. The cases Marianini puts are of extreme 
interest, and all his objections must, one day be 
answered, when numerical results, botli as to 
intensity and quantity of force, are obtained; 
but they are all debateable, and, to my mind, 
depend upon variations of quantity which do 
not affect seriously the general question. Thus, 
when that philosopher quotes the numerical re- 
sults obtained by considering two metals witii 
fluids at their opposite extremities which tend 
to form counter currents, the difference whidi 
he puts down to the effect of metallic contact^ 
either made or interrupted, I think aceounV 
able for, on the facts partly known respecting 
opposed currents ; and with me differences quite 
as great, and greater, have arisen, and are giv- 
en in former papers (1046), when metallic con- 
tacts were in the circuit. So at page 213 of his 
memoir, I cannot admit that e should give an 
effect equal to the difference of b and d; for in 
h and d the opposition presented to the excited 
currents is merely that of a bad conductor, but 
in the case of e the opposition arises from the 
power of an opposed acting source of a current* 

1805. As to the part of his memoir respecting 
the action of sulphuretted solutions,® I hope to 
be allowed to refer to the investigations made 
further on. I do not find, as liie Italian philoso-. . 
pher, that iron with gold or platini^ in solution 
of the sulphuret of potassa, is positive to them,® 
but, on the contrary, powerfully negative, and 
for reasons given in the sequel (2049). 

1806. With respect to the discussion of , 
cause of the spark before contact,® Mm^ianinr, 
admits the spark, but I give it up altogethi^,; 
Jacobi’s paper® convinces me I was in error 

to proo/ of existence of a state cl 

« Menwrit ddOa 8oeiM Jioliana in Ii9nri,< 

XXI,p.206. 

« 1827, XXI, p. 217. 

♦ p. 217. 

• /6«.,p.226. 

iPkaowpikM Jtfaposine, 1888, 
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in the ixietalB before oontaot (dl5| 0M). I need 
not therefore do mxm at present than with*- 
draw my own observations. 

1807. 1 now proceed to address mysdf to the 
general argument, rather than to particular con- 
troversy, or to the discussion of eases feeble in 
power and doubtful in nature; for I have been 
impressed from the first with the feeling that it 
is no weak influence or feeble phenomenon that 
we have to account for, but such as indicates a 
force of extreme power, requiring, therefore, 
that the cause assigned should bear some pro- 
portion, both in intensity and quantity, to the 
effects produced. 

1808. The investigations have all been made 
by aid of currents and the galvanometer, for it 
seemed that such an instrument and such a 
course were best suited to an examination of the 
electricity of the voltaic pile. The electrom- 
eter is no doubt a most important instru- 
ment, but the philosophers who do use it are 
not of accord in respect to the safety and deli- 
cacy of its results. And even if the few indi- 
cations as yet given by the electrometer be 
accepted as correct, they are far too general to 
settle the question of, whether contact or 
chemical action is the exciting force in the 
voltaic battery .To apply that instrument close- 
ly and render it of any force in supplying 
affirmative arguments to either theory, it would 
be necessary to construct a table of contacts, 
or the effects of contacts, of the different metals 
and fluids concerned in the construction of the 
voltaic pile, taken in pairs (1868), expressing in 
such table both the direction and the amount of 
the contact force. 

1809. It is assumed by the supporters of the 
contact theory, that though the metals exert 
strongelectromotiveforces at their points of con- 
tact with each other, yet these are so balanced 
in a metallic circuit that no current is ever 
produced whatever their arrangement may be. 
So in PI. XII, Fig. 1, if the contact force of 
copper and zinc is 10 — and a third metal 
be introduced at m, the effect of its contacts, 
whatever that metal may be, with the zinc and 
copper at 6 and c, will be an amount of force in 
the opposite direction » 10. Thus, if it were 
potassium, its contact force at b might be 
6 — ►, but then its contact force at c would 
be < — 15 ; or if it were gold, its contact force 
at 6 might be < — 19, but then its contact 
force at c would be 9 This is a very 
iarge assumption, and that the theory may 
agree with the facts is nectary :still it is, I b^ 
lieve, only an assumption, for I am not aware 


of my data^ indep(»ulent of the theory kk 
question, which prove its truth. 

1810. On the other hand, it is assumed.&at 
fluid conductors, and such bodies as contain, 
water, or, in a word, those which I have called 
electrolytes (664, 823, 921), either exert no con- 
tact force at their place of contact with the 
metals, or if they do exert such a power, then it 
is with this most important difference, that the 
forces are not subject to the same law of com- 
pensation or neutralization in the complete cir- 
cuit, as holds with the metals (1809). But this, 
I think I am justified in saying, is an assump- 
tion also, for it is supported not by any inde- 
pendent measurement or facts (1808), but only 
by the theory which it is itself intended to 
support. 

1811. Guided by this opinion, and with a 
view to ascertain what is, in an active circle, 
effected by contact and what by chemical ac- 
tion, I endeavoured to find some bodies in this 
latter class (1810) which should be without 
chemical action on the metals employed, so as 
to exclude that cause of a current, and yet such 
good conductors of electricity as to show any 
currents due to the contact of these metals with 
each other or with the fluid: concluding that 
any electrolyte which would conduct the ther- 
mo current of a single pair of bismuth and an- 
timony plates would serve the required pur- 
pose, I sought for such, and fortunately soon 
found them. 

f i. Exciting Electrolyte^ <fcc., Being Conr 
ductora of Thermo and Feeble Currents 

1812. Sulphuret of potassium. This substance 
and its solution were prepared as follows. Equal 
weights of caustic potash {potassafusa) and mU 
phur were mixed with and heated gradually in 
a Florence flask, till the whole had fused and 
united, and the ^phur in excess began to sub- 
lime. It was then cooled and dissolved in water, 
so as to form a strong solution, which by stand- 
ing became quite clear. 

1813. A portion of this solution was included 
in a circuit containing a galvanometer and a 
pair of antimony and bismuth plates; the con* 
nection with the electrolyte was made by two 
platinum plates, each about two inches Jong 
and half an inch wide: nearly the whole of 
was immersed, and they were about half an ine]^ 
apart. When the circuit was completed, and 4$ 
at the same temperature, there wasno oun^ept; 
but the moment the junction of the antiipony 
and biemutii was eit W heated or copied, the 
corresponding thermo coivant was produced^ 
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cwang file gsihraDomeier-needle to be pemui- 
nently defleotod, occasionally as inuch as 80^. 
Even the small difference of temperature oc- 
caaoned by touching the Seebeck dement wifii 
the finger, produced a veiy sensible current 
finough the electrolyte. When in place of the 
anfiznony-bismuth combination mere wires of 
eopfjier or iron and ptadnum were 

taed, the application of the spirit-lamp to the 
jtniction of these metals prc^uced a thermo 
eutrent which instantly travelled round the 
dreuit. 

1814. Thus this electrol 3 rte will, as to high 
conducting power, fully answer the condition 
required (1811). It is so excellent in this respect, 
that I was able to send the thermo current of a 
single Seebeck’s element across five successive 
portions connected with each other by plati- 
num plates. 

1815. iVitrotts acid. Yellow anhydrousnitrous 
a(^, made by distilling dry nitrate of lead, 
being put into a glass tube and included in a 
circuit with the antimony-bismuth arrange- 
ment and the galvanometer, gave no indication 
of file passage of the thermo current, though 
theiinmersed electrodes consisted each of about 
lour inches in length of moderately thick plati- 
num wire, and were not above a quarter of an 
inch apart. 

1816. A portion of this acid was mixed with 
neariy its volume of pure water; the resulting 
action caused depression of temperature, the 
evolution of some nitrous gas, the formation of 
some nitric add, and a dark green fiuid was 
produced. This was now such an excellent con- 
ductor of electricity, that almost the feeblest 
Curreht could pass it. Tlilit produced by See- 
bedc’s circle was sensible when only one-eighth 
dt m inch in length of the platinum wires 
^ped in the acid. When a couple of inches of 
6^ cteetrode was in the fiuid, the conduction 
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pure, it was to possess iwfiier more ccm? 

ducting power than the former. On empbying 
a red dtric acid, it was found to conduct the 
thermo current very well. On adding some of 
the green nitrous add (1816) to the colourless 
nitric acid, the mixture acquired high conduct- 
ing powers. Hence it is evident fiiat nitric acid 
is not a good conductor when pure, but that 
the presence of nitrous add in it (conjointly 
probably with water), gives it this power in a 
very high degree amongst electrolytes.^ A very 
red strong nitric acid, and a weak green acid 
(consisting of one vol. strong nitric acid and 
two vols. of. water, which had been rendered 
green by IlJe action of the negative platinum 
electrode of a voltaic battery) , were l^th such 
excellent conductors that the thermo current 
could pass across five separate portions of them 
connected by platinum plates, with s6 little 
retardation that I believe twenty interruptions 
would not have stopped this feeble current. 

1819. Svlphuric acid. Strong oil of vitriol, 
when between platinum electrodes (1813), con- 
ducted the antimony-bismuth thermo current 
sensibly, but feebly. A mixture of two volumes 
acid and one volume water conducted much 
better, but not nearly so well as the two former 
electrolytes (1814, 1816). A mixture of one vol- 
ume of oil of vitriol and two volumes saturated 
solution of sulphate of copper conducted this 
feeble current very fairly. 

Potaasa. A strong solution of caustic potassa, 
between platinum plates, conducted the ther- 
mo current sensibly, but very feebly. 

1820. I will take the liberty of describing 
here, as the most convenient place, other re- 
sults relating to the conducting power of bod- 
ies, which will be required hereafter in these 
investigations. Galena, yellow sulphuret of 


ko good, that it made very little cfifference 
li fib galvanometer whether the platinum 
touched each other in the fluid, or were a 
of an inch apart^ 

1817. Nitric acid. Some pure nitric acid was 
boiled to drive off alt the nitrous acid, and then 
edioSed. Being induded in the circuit by plati- 
num plates (1813), it was found to conduct so 
badly that Effect of the antimony-bismuth 
Pfi&, when file difference of temperature was 
sA file greatest, was SMtedy perceptible at the 


la Rive haspdnied the faisility with whidi 


iron, arsenical pyrites, native sulphuret of cop- 
per and iron, native gray artificial sulphuret of 
copper, sulphurets of bismuth, iron, and cop- 
per, idobules of qjdde of burnt iron, oxide of 
iron by heat or scale oxide, conducted the 
thenno current very well. Native peroxide of 
manganese and pmoxide of lead conducted it 
moderately well. 

1821. The foUowing are bodies, in some re- 
spect analogous m nature and composition, 
winch did not sensibly conduct this weak cur- 
rent when the contact surfaces were small:-^ 

« Bch^mbsm^i experiments on a omapound of nij 
trio and nitroiis aods will probably bear uponjwd 
iUnatrate this UnivendU* 1817, 





artifidBl gray guipbuet of tbiy bbBde,>dmi»^ 
bat; hserbatite, Elba iron-ore, natm magnetie 
oxide of iron, native peroxide of tin or tinstone, 
wolfram, fused and coded protoxide of copper, 
peroxide of mercury ; 

1822. Some of the foregoing substances are 
very remarkable in thear conducting power. 
This is the case with the solution of i^phuret 
of potassium (1813) and the nitrous acid (1816), 
for the great amount of this power. The perox^ 
ide of manganese and lead are still more re- 
markable for possessing this power, because 
the protoxides of these metals do not conduct 
either the feeble thermo current or a far more 
powerful one from a voltaic battery. This cir- 
cumstancemade me especially anxious to verify 
the point with the peroxide of lead. I therefore 
prepared some from red-lead by the action of 
successive portions of nitric acid, then boiled 
the brown oxide, so obtained, in several por- 
tions of distilled water, for days together, until 
eveiy trace of nitric acid and nitrate of lead 
had been removed; after which it was well and 
perfectly dried. StUl, when a heap of it in pow- 
der, and consequently in very imperfect con- 
tact throughout its own mass, was pressed 
between two plates of platinum and so brought 
into the thermo-electric circuit (1813), the cur- 
rent was found to pass readily. 

Tf ii. Inactive Conducting Circles Cordmning a 
Fluid Of Electrolyte 

1823. De la Rive has ali'eady quoted the ease 
of potash, iron and platina,^ to show that where 
there was no chemical action there was no cur- 
rent. My object is to increase the number of 
such cases; to use other fluids than potash, and 
such as have good conducting power for weak 
currents; to use also strong and weak solutions; 
and thus to accumulate the conjoint experi- 
mental and argumentative evidence by which 
the great question must finally be decided. 

1824. 1 first used the sulphuret of potasrium 
as dxi electrol 3 rte of good conducting power, 
but chemically inactive (1811) when associ- 
ated with iron mi platiaum in a circuit. The 
arrangement is given in PI. XII, Fig* where 
D, E represent two test-glasses containing the 
Btrongsotutionof sulphuretof potasrium (1812) ; 
and also four metallic plates, about 0.5 of an 
inch wide and two inclmlong in the immersed 
part, of whidiiliia^lMt^e marked P, P, P were 
platinum^ and; that marked 1, of dean ircm: 
these* wieie tmnneetod by platinum 

wiles, aaiaPip. 0^ a g^yaoometer being intro-^ 
18S7, XI. S75; 


duoad at O. In 

three metaHie ocnslaets {datinum waAmsts,. 
a & and » : the first two, being opposed to eai& 
other, may be eonsideied as neutralinngeaA 
otheris forces; but the third, being unopposed 
by any other metallic contact, can be con^ 
pared with either the difference of a and 5 
wh^ one is warmer than the other, Or with 
itself when in a heated or cooled state (1830), 
or with the force of chemical action when any 
body capable of such action is introdueed 
there (1^1). 

1825. When this arrangement is completed 
and in order, there is absolutdy no current 
circulating through it, and the galvanometer^ 
needle rests at 0*^; yet is the whole circuit open 
to a very feeble current, for a difference cS 
temperature at any one of the junctions a; 5, 
or Xf causes a corresponding thermo curre^, 
which is instantly detected by the galvanom- 
eter, the needle standing permanently 
30® or 40®, or even 50®. 

1826. But to obtain this proper and normal 
state, it is necessary that certain precauticms 
be attended to. In the first place, if the circuit 
be complete in every part except for the im^ 
mersion of the iron and platinum plates into 
the cup D, then, upon their introduction, a 
current will be produced directed from the plat- 
inum (which appears to be positive) througd^^ 
the solution to the iron ; this will crnitinue p^ 
haps five or ten minutes, or if the iron has been 
cai-elessly cleaned, for several hours; it is duih 
to an action of the sulphuretted solution on 
oxide qf iron, and not to any effect on the me- 
tallic iron; and when it ceased, the dis- 
turbing cause may be considered as exhausted^ 
The experimental proofs of the truth of Ihili 
explanation, I will quote hereafter (2049). 

1827. Another precaution relates to the de- 

fect of accidental movements of the plates in 
the solution. If two platinum plates be put into 
a solution of this sulphuret of potasrium^ end 
the circuit be then completed, including a 
vsnometer, the arrangement, if perfect, vriS 
itiiow no curr^t; but if one of the plates 
lifted up into the air for a few seconds and HietA: 
reidaced, it will be ne^tive to the other, vtoid; 
produce a current lasting for a short ' 

the two plates be iron and platinum, dr 

other metal or substance not acted oh 
sulphuret, the same effect will be produoi^^ 
these cases, the current is due to 

• Marianini observed effeois of4h2s]SISi4wraiaM 
by exposure to toe aifv of*oneof4wo plStMimiiPMto 
mtrio p. ' 
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mm the of suIphunelM 
Boixkiim to 4>be ]*em>ve(i plate, but a 

far leaa cauae ^bw thia will produce a cuirent, 
{for if . one of ^e platinum i^atea be removed, 
iwad^ed nvell, dried, and even heated, it will, on 
ite re-introduction, almost certainly exhibit 
tile negative state for a second or two. 

1S28. These or other disturbing causes ap- 
pear the greater in these experiments in conse- 
iQuemce of the excdlent conducting power of 
tim solution used ; but they do not occur if care 
be taken to avoid any disturbance of the plates 
or the solution, and then as before said, the 
iwhole acquires a normal and perfectly inactive 
state. 

. 1829. Here then is an arrangement in which 
the contact of platinum and iron at a; is at lib- 
erty to produce any effect which such a contact 
may have the power of producing; and yet 
.Sicbftt is the consequence? absolutely nothing. 
This is not because the electrolyte is so bad a 
conductor that a current of contact cannot 
pass, for currents far feebler than this is as- 
sumed to be, pass readily (1813) ; and the elec- 
trolyte employed is vastly superior in conduct- 
ing power to those which are commonly used 
in voltaic batteries or circles, in which the cur- 
rent is still assumed to be dependent upon con- 
tact. The simple conclusion to which the ex- 
periment should lead is, in my opinion, that 
the contact of iron and platinum is absolutely 
without any electromotive force (1835, 1859, 
1889). 

1830. If the contact be made really active 
and effective, according to the beautiful dis- 
covery of Seebeck, by making its temperature 
dtSerent to that of the other parts of the cir- 
cuit, then its power of generating a current is 
shown (1824). This enables us to compare the 
supposed power of the mere contact with that 
cf a tiiermo contact; and we find that the latter 
comes out as mfinitely greater than the former, 
for the former :is nothing. The same compari- 
am oi mere contact and thermo contact may 
be made by contrasting the effect of^he con- 
tact c at common temperatures, with either 
tiiSi contact at a or at 6, either heated or cooled. 
Ve^ moderate changes of temperature at these 
l^oes produce instantly the corresponding eur- 
amt, Imt the mere contact at z does nothing. 

1^1. So also I believe that a true and phU'? 
jpifophic and even rigid comparison may be 

Beoquerel lonaames x^eired to the effeot of suoh 
expose of a plate, dipped in certain solutions, to 
^ air. (Srenerally the plate^M) expoMd became posi- 
dp Chmie, 1824, XXV, 


made at z, between the assumed ^ect of mene 
contact and that of chemical action. For if the 
metals at x be separated, and a piece of paper 
moistened in dilute acid, or a solution of salt, 
or if only the tongue or a wet finger be applied 
there, then a cuirait is caused, stronger by far 
than the thermo currents before produced 
(1830), passing from the iron throu^ the in- 
troduce acid or other active fiuid to the plati- 
num. This is a case of current from chemical 
action without any metallic contact in the cir- 
cuit on which the effect can for a moment be 
supposed to depend (879); it is even a case 
where metallic contact is changed for chemical 
action, with ^he result, that where contact is 
found to l)e^quite ineffectual, chemicaU action 
is very energetic in producing a current.! 

1832. It is of course quite unnecessar^Ato say 
that the same experimental comparisons may 
be made at either of the other contacts, a or 5. 

1833. Admitting for the moment tha^j the 
arrangement proves that the contact of plati- 
num and iron at z has no electromotive force 
(1835, 1859), then it follows also that the con- 
tact of either platinum or iron with any other 
metal has no such force. For if another metal, 
as zinc, be interposed between the iron and 
platinum at x (PI. XII, Fig. IS), no current is 
produced; and yet the test application 6f a 
little heat at a or h, will show by the corre- 
sponding current, that the circuit being com- 
plete will conduct any current that may tend 
to pass. Now that the contacts of zinc with 
iron and with platinum are of equal electromo- 
tive force, is not for a moment admitted by 
those who support the theory of contact activ- 
ity; we ought therefore to have a resulting 
action equal to the differences of the two forces, 
producing a certain current. No such current 
is produced, and I concrive, with the admis- 
rion above, that such a result proves that the 
contacts ironrzinc and platinum-zmc are en- 
tirely without electromotive force. 

1834. Gold, silver, potassium, and copper 
were introduced at x with the like negative 
effect; and so no doubt might every other 
metal, even according to the relation admitted 
amongst the metals by the supporters of the 
contact theory (1809). The same negative re- 
sult followed upon the introduction of many 
other conducting bodies at the same place; as, 
for instance, tiic^ already mentioned as easily 
conducting the tiiermo current (1820) ; and the 
effect proves, I think, that the contact of any 
of tl^ae with ^ther iron or platinum is utterly 
ineff ectiye as a source of electromotive force* 
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18S5* The duly aniwer which, sJk it appearl 
to me, the contact theory can ^t up in opposi- 
tion to the foregoing facts and conclusions is, 
to say that the solution of sulphuret of potas- 
sium in the cup D (PL XII, Fig. 2), acts as a 
metal would do (1809), and so the effects of all 
the contacts in the circuit are exactly balanced. 

I will not stop at this moment to show that the 
departure with respect to electrolytes, of the 
fluid bodies in the voltaic pile, from the law 
which is supposed to hold good with the metals 
and solid conductors, though only an assump- 
tion, is still essential to the contact theory of 
the voltaic pile (1810, 1861) nor to prove that 
the electrolyte is no otherwise like the metals 
than in having no contact electromotive force 
whatever. But believing that this will be very 
evident shortly, I will go on with the experi- 
mental results, and resume these points here- 
after (1859, 1889). 

1836. The experiment was now repeated 
with the substitution of a bar of nickel for that 
of iron, (PI. XII, Fig. iS) (1824), all other tiling 
remaining the same.* The circuit was again 
found to be a good conductor of a feeble ther- 
mo current, but utterly inefficient as a voltaic 
circuit when all was at the same temperature, 
and due precautions taken (2051). The intro- 
duction of metals at the contact x was as inef- 
fective as before (1834); the introduction of 
chemical action at x was as striking in its influ- 
ence as in the former case (1831); all the re- 
sults were, in fact, parallel to those already 
obtained; and if the reasoning then urged was 
good, it will now follow that the contact of 
platinum and nickel with each other, or of 
either with any of the different metals or solid 
conductors introduced at x, is entirely without 
electromotive force.® 

i8ee Feohner’s words. Philosophical Magasimi 
1838. XIII, 377. 

* There is another form of this experiment which I 
sometimes adopted, in which the cup E (PI. XII, 
Fig. ir]r, with its contents, was dismissed, and the plat- 
inum plates in it connected together. The arrange- 
ment may then be considered as presenting three 
contacts of iron and platinum, two ac^g in one di-, 
rection, and one in the other. The arrangement and 
the results are virtually the same as those already 
given. A still simpler but equally conclusive arrange- 
ment for many of the arguments, is to dismiss the 
iron between a and b ^together, and so have but bne 
conmet, that at x, to consider. 

* Qne specimen of nickel was» on its immersion, 
l^sitive to platinum for seven or eight minutes, and 
mn became neutral. On taking it out it seamed to 
have a yellowish tint on it, as if invested by a coat of 
sulphuret; and I suspect^ this piece 1^ acted like 
Iscul (1885) and bismuth (1895). It is difficult to get 
pure and, also perfectly compact mckel ; >nd if por- 

matter retained in the pores produces 


1837. Many other pahns of metals we^ com- 
pared together in the Same manner; the solu- 
tion of sulphuret of potassium connecting th^ 
together at one place, and their mutual con- 
tact doing that office at another. The follo^g 
are cases of this kind: iron and gold; iron and 
pall^ium; nickel and gold; nickel and palla- 
dium; platina and gold; plat/ina and palladium. 
In all these cases the.resuHs were the same ai^ 
those already given with the combinations of 
platinum and hon. 

1838. It is necessary that diie precaution bei 
taken to have the arrangements in an unex- 
ceptionable state. It often happened tb^t the 
first immersion of the plates gaVe deflections; 
it is, in fact, almost impostible to put two 
plates of the same metal into the solution with- 
out causing a deflection; but this generally 
goes off very quickly, and then the arrange?-' 
ment may be used for the investi^tion (1826). 
Somctiines there is a feeble but rather permar 
nent deflection of the needle; thus when plati- 
num and palladium were the metals, the fihst 
effect fell and left a current able to deflect the 
galvanometer-needle 3**, indicating the plati- 
num to be potitive to the palladium. This effect 
of 3^, however, is almost nothing compared to 
what a mere thermo current can cause, the lat- 
ter producing a deflection of 60® or more; be- 
sides which, even supposing it an essential 
effect of the arrangement, it is in the wrong 
direction for the contact theory. I rather in- 
cline to refer it to that power Which platiniim 
and other substances have of effecting com- 
bination and decomposition ^thout them- 
selves entering into union and I have occa- 
sionally found that when a platinum plate has 
l^eii left for some hours in a strong solution of 
sulphui*et pf potassium (1812) a shiatl qu^tity 
of sulphur has been deposit^ upon it. Whatever 
the cause of the final feeble curreiit may be, iMk 
eSect is1»o small to be Of any service in support 
of the contact theory; while, on the othffi* hand, 
it affords delicate, afld, ther^ore, strong indic^ 
tiofls in favour of the chemical theory. 

1839. A change w^ made in the fbnh ahd 
arrangeme)^ of the cup D (PI. XU, Fig, 

as to ^loW 6f expeiiments with oAOr bbiro' 
than the metals. The solution of sulphunet.of, 
pOtassiiun was placed in a sl^ow vessel the 
platinum plate was bent so' that the 
extremity corresponded to the bottom the 
vesi^/ cm t^3 a piece of loosely 
w^ I^d in the solution, and oh that 
mmemi or otiier substamoe' to bd; eompared 
with the platinum; the fhSd it ikfeK 
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dffffVb that <aAf part ol that aubatanoe was in 
it » the rast being clean and dry ; on this portion 
the platinuin vrire, which completed tine ciiv 
cuitt rested^ The arrangement of this part of 
the circuit is given in section at PL XU, Fig. 
where H represents a piece of galena to be 
compared with the platinum P. 

1^. In this way galena, compact yellow 
copper pyrites, yellow iron pyrites, and glob- 
ules of oxide of burnt iron, were compared 
witii platinum (the solution of sulphuret of 
potassium bemg the electrol 3 rte us^ in the 
circuit), and with the same results as were 
before obtained with metals (1829, 1833). 

1841. Experiments hereafter to be described 
gave arrangements in which, with the same 
dectrolyte, sulphuret of lead was compared 
irith gold, palladium, iron, nickel, and bis- 
muth (18^, 1886); also sulphuret of bismuth 
with platinum, gold, palladium, iron, nickel, 
lead, and sulphuret of lead (1894), and always 
with thesame result. Where no chemical action 
occurred tiiere no current was formed; al- 
though the circuit remained an excellent con- 
ductor, and the contact existed by which, it is 
assum^ in the contact theory, such a current 
diould be produced. 

1842. Instead of the strong solution, a dilute 
solution of the yellow sulphuret of potassium, 
consisting of one volume of strong solution 
(1812) and ten volumes of water, was used. 
Plates of platinum and iron were arranged in 
this fluid as before (1824) : at first the iron was 
negative (2049), but in t^ minutes it was neu- 
tral, and the needle at Then a weak chemi- 
cal current excited atx (1831) jpasily passed: and 
even a thermo current (1830) was able to show 
ite effects at the needle. Thus a strong or a 
weak solution of this electrol 3 rte showed the 
same phenomena. By diluting the solution still 
hirther, a fluid could be obtained in which the 
pwn was, after the first effect, permanently but 
fee^ poritive. On allowing time, however, it 

found that in all such cases black sulphu- 
ric formed here and there on the iron. Rusted 
iron was negative to platinum (2049) in this 
very weali: 8idutioa» which by direct chemical 
aol^ could reader 

1M3. In all the preceding experiments the 
ejbcMolyte used hoe been the sulphuret of po- 

* «Caie WM talm In tltsse and the lonner siinilar 

g to diBcbaras tiie eiatinuin furlaoe Of any reaot- 
rpe it misht acquire from the action pf the pre- 
ecrreiit, by separatins it from the other met- 
mI toRicbing it m tbe liquid lor an instant with 
lar t 


solution; but I now dtauged lids for, 
another, vmy diffmimit in its tmture, namCy 
the grem nUrous add (1816), which has aU 
ready been shown to be an excrilent conductor 
of rieotricity . Iron and platinum were the met- 
iJs emplo 3 r^, both being in the form of wires. 
The vessel in which they were immersed was a 
tube like that formerly described (1815); in 
other respects the arrangement was the same 
in principle as those already used (1824, 1836). 
The first effect was the production of a current, 
the iron being positive in the acid to the plat- 
ina; but this quickly ceased, and the galvanom- 
eter-needle cme to 0°. In this state, however, 
the circuit could not in all things be compared 
with the one having the solution of sulphuret 
of potassium for its electrolyte (1824); for al- 
though it could conduct the thermo current of 
antimony and bismuth in a certain degree,Wet 
that degree was very small compared to the 
power possessed by the former arrangement, 
or to tW of a circle in which the nitrous acid 
was between two platinum plates (1816). This 
remarkable retardation is consequent upon the 
assumption by the iron of that peculiar state 
which Schoenbein has so well described and 
illustrated by his numerous experiments and 
investigations. But though it must be admit- 
ted that the iron in contact with the acid is in 
a peculiar state (1951, 2001, 2033), yet it is 
also evident that a circuit consisting of plati- 
num, iron, peculiar iron, and nitrous acid, does 
not cause a current though it have sufficient 
conducting power to carry a thermo current. 

1844, But if the contact of platinum and 
iron has an electromotive force, why does it 
not produce a current? The application of heat 
(1830), or of a little chemical action (1831) at 
the place of contact, does produce a current, 
and in the latter case a strong one. Or if any 
other of the contacts in the arrangement can 
produce a current, why is not that riiown by 
some corresponding effect? The only answers 
are to say t£m.t the peculiar iron has the same 
electromotive properties md relations as plat- 
inum, or that the nitrous acid is included un- 
der the same law with the metals (1809, 1835) ; 
and so the sum of the fleets of ,a& the contacts 
in the circuit is, nou^t, or an exact balance of 
forces. That Ube iron is like the platinum in 
having no eleetmmotive force at its contitcto 
without chemical action, I believe; but that it 
hr unlike it in its electrical illations, is, evident 
from the difference between the two in strong 
mtric a^, ^ well as in weak 



to t^c aeid or 8|iI{iiiitifiMiyQf 
polftssim]^ wUoh is vjety great; and also bjr 
othor differaaoea. That ^ xiitrous add is^ as 


to the power of its contacts, to be separated 
from other . dteetrolytes and classed with the 
metab in what is, with them, only an assump- 
tion, is a gratuitous mode of explaining the 
difficulty, whidh wiU come into condderation, 
with the caae of sulphurOt of potassium, here- 
after (1835, 1859, 1889, 2060). 

1845. To the electro-chemical philosopher, 
the ease is only another of the many strong 
instances, diowing that where chexnic^ action 
is absent in the voltaic circuit, there no current 
can be formed; and that whether solution of 
sulphuret of potassium or nitrous acid be the 
electrol 3 rt 6 or connecting fluid used, still the 
results are the same, and contact is shown to 
be inefficacious as an active electromotive con- 
dition. 

1846. I need not say that the introduction 
of different metals between the iron and plati- 
num at their point of contact product no 
difference in the results (1833, 1834) and caused 
no current; and I have said that heat and 
chemical action applied there produced their 
corresponding effects. But these parallels in 
action and non-action show the identity in 
nature of this circuit (notwithstanding the 
production of the surface of peculiar iron on 
that metal), and that with solution of sulphu- 
ret of potassium: so that all the conclusions 
drawn from it apply here; and if that case 
ultimately stand firm as a proof against the 
theory of contact force, this will stand also, 

1847. 1 now used oxide of iron and i^tinum 
as the extremes of the solid part of the circuit, 
and the nitrous acid as the fluid; i.e., I heated 
the iron wire in the flame of a spiiit-l^p, cov- 
ering it with a , coat of oxide in the manner rec- 
ommended by Schcenbein in his investigations, 
andthenusedit instead of the clean iron (1843). 

The oidde of iron was at first in the l^yst de- 
gree positive, and then immediately neutral. 
This circuit, then, like the former, gave no cur- 
rent at common temperatures; but it differed 
much fromit in conducting power, b^ga very 
excellent conductor of a thermo current, tbeox-^ 
ide of iion.not offering that obatruetion to tiie 
passage, of the eurrent which peculiar iron 

did (1843, J;844). Hence scale oxide of iron and 
platinuim pioduoe no current by oentaet, the 
thizdfUhstanceintheproQf cirouitbemgmtFouB 
acid; and so the resirit agrees with that ob- 
tabedin thoioi^xaer cm, where that iSiird sub- 
irflulphiii#of 


<bitampr6cautio&8bet8ken,6Mmdedonthefol* 
lowlng^eet.If a circuilbeiimde withthegv^ 
nitrous acid, platinum whes, and^a galvanoiin^ 
eter, in a few seconds all traces of acurrent due 
to first disturbances will disappear; but if one 
wire beraised into themr and iiistantly retursH^ 
to its first position, a current b formed, and 
that wire is negative, across the dieetrolyte, to 
the other. If one wire be dipped only a smaU 
distance into the add, as for instanoeone fourth 
of an inch, then the raising that wire not more 
than one dghth of an inch and instantly restore 
ing it, will produce the same effect as belmo. 
The effect is due to the evaporation of the 
trous acid from the exposed wire (1937). 1 may 
perhaps return to it hereafter, but wish at pres^ 
ent only to give notice of the precaution t^t is 
required in consequence, namely, to retain tiie 
immersed wires undisturbed during the expeci* 
ment. 

1849. Proceeding on the facts made known 
by Schoenbein respecting the relation of iron 
and nitric add, I used that add as the fluid in a 
voltaic circuit formed with iron and platinum. 
Pure nitric acid is so deficient in conducting 
power (1817) that it may be supposed eapabfe 
of stopping any current due to the effect of eon* 
tact l^tween the platinum and iron; and it is 
further objectionable in these experiments, hetf 
cause, acting feebly on the iron, it produces a 
chemically exdted current, which may be con- 
sidered as mingling its effect with that of con- 
taot; whereas the object at present is, by en^ 
cludmg such chemical action, to lay bare 
fluence of contactalcme. Still the results witbit 
are consistent with the more peifect ones al- 
ready described; for in a circuit of iron, platt- 
num, and nitric add, the jdnt effects 
chemi<xtl action on the iron and the contact iff 
iron and platinum, bdng to produiee a emreht 
eff a certain constant f ot^ indicated by the giff^ 
vanometer, a little diemical action, brouiM 
into play ’^ere the bon and platinum were ^ 
contact as before (1831), i^^ueed a cunspt 
far stronger than that previously existing. 
then, from the weaker current, the part ol 11^ 
effect due to chemical action be abstractedi bow 
Uttle room is there to suppose that any effect ii 
due to tlie contact of the metalsl 

1850. But a red nitric acid with platimaB 
plates conducts a thermo curmt 

do so even when considerably diluted (1818}« 
When such red add is used between iron and 
^atinum, the conducting power b such* tind 
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one half oi Ihe'fMfirauuifiQt^c^^ be over- 
eome by a eouioter thermo eurrent of bismuth 
and a&timcn!iy; Thus a sort of comparison kes^ 
tahUfihed betmreen a thermo current on the one 
haad»and a .cuxTentdueto the joint effects of 
ehemiealiaction on iron and contect of iron and 
platinum on the other. Now considering 
the admitted weakness of a thermo current, it 
may be judged what the strength of that part 
of the second current due to contact can, at 
the utmost, be; and how little it is able to 
account for the strong currents produced by 
oedinary voltaic combinations. 

1851. If for a clean iron wire, one oxidized in 
the dame of a spirit-lamp be used, being associ- 
ated with platinum in pure strong nitric acid, 
thm is a feeble current, the oxide of iron being 
potitive to the platinum, and the facts mainly 
as iron. But tiie further advantage is ob- 
tained of comparing the contact of strong and 
weak acid with this oxidized wire. If one volume 
of the strong acid and four volumes of water be 
mixed, this solution may be used, and there is 
even less deflection than with the strong acid: 
the iron side is now not sendbly active, except 
the most delicate means be used to observe the 
current. Yet in both cases if a diemical action 
be introduced in place of the contact, the re- 
sulting cuirent passes well, and even a thermo 
eurreat can be made to show itself as more 
powerful than any due to contact. 

1852. In these cases it is safest to put the 
wfade of the oxidized iron under the surface and 
connect it m the circle by touching it with a plat- 
inum wire; for if the oxidized iron be continued 
through from the acid to tha air, it is almost 
certain to suffer from the joint action of the acid 
and air at tiieir sur&ce of contact. 

1^3. 1 proceeded to use a fluid diff^ing from 
any of the former: this was solution of potoaaa, 
which has already been employed by De la Rive 
(1823) with iron and platina, and which when 
strong has been found to be a substance con-^ 
ducting so wdl , that even a thermo current could 
pass it (1819), and therefore fully suflScient to 
thoW' i eonto^ cuimat, if any such exists. 

1854. Yet when a strong solution of this sub- 
stance was arranged with silver and platinum 
(bodies difrering sufficiently from each otiier 
whna connected by nitric or muriatic acid), as 
ik the former eases, a vmy feeble current was 
fia^oed, and the galvanometer-needle stood 
zeid^ lEhe contact of these metals 
did not appear to produce a sensible 
as I fully believe, because no 


tiromotive power exists in such contact. When 
that contact was exchanged for a very feeble 
chemical action, namely, that produced by in- 
terposing a little piece of paper moistened in 
dilute nitric acid (1831), a current was the re- 
sult. So here, as in the many former eas^, the 
arrangement with a little chemical action and 
no metallic contact produces a current, but that 
without the chemieal acticm and with the me- 
tallic contact produces none. 

1855. Iron or nickd associated with platinum 
in this strong solution of potassa was positive. 
The force of the produced current soon fell, and 
after an hour or so was very small. Then annul- 
ling the met^Hc contact at x (PI. XII, Fw, g), 
and substituting a feeble chemical action there, 
as of dilute nitric acid, the current established 
by the latter would pass and show itself, "wus 
the cases are parallel to those before mentioned 
(1849, <&c.), and show how little contact alone 
could do, since the effect of the conjoint contact 
of iron and platinum and chemical action of 
potash and iron were very small as compared 
with the contrasted chemical action of the 
dilute nitric acid. 

1856. Instead of a strong solution of potassa, 
a much weaker one consisting of one volume of 
strong solution and six volumes of water whs 
used, but the results with the silver and plat- 
inum were the same: no current was produced 
by the metallic contact as long as that only was 
left for exciting cause, but on substituting a 
little chemical action in its place (1831), the 
current was immediately produced. 

1857. Iron and nickel with platinum in the 
weak solution also produced similar results, ex- 
cept that the positive state of these metals was 
rather more permanent than with the strong 
solution. Still it was so small as to be out of all 
proportion to what was to be expected accord- 
ing to the contact theory. 

1858. Thus these different contacts of metals 
and other well-conducting solid bodies prove 
utterly inefficient in producing a current, as well 
when solution of potassa is the third or fluid 
body in the drcuit, as whei^that third body is 
either solution of sulphuret of potassium, or 
hydrated nitrous acid, or nitric acid, or mixed 
nitric and nitrous acids. Further, all the argu- 
ments respecting tiie inefficacy of the contacts 
of bodies interposed at the junction of the two 
principal Bolidsubstances, which were advanced 
in the case of the sulphuret of potassium solu-* 
tion (1833), appfy here with potassa; as they do 
inde^ in every case 61 a conducting circuit 
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the interpose fluid h without ^emieal 
action and no cuti^nt is produced'. If a case 
could be brought forward in which the inter- 
posed fluid is without action, is yet a sufficient- 
ly good conductor, and a current t8 produced; 
then, indeed, the theory of contact would find 
evidence in its favour, which, as far as I can 
perceive, could not be overcome. I have most 
anxiously sought for such a case, but cannot 
find one (1798). 

1859. The argument is now in a fit state for 
the resumption of that important point before 
adverted to (1835, 1844), which, if truly ad- 
vanced by an advocate for the contact theory, 
would utterly annihilate the force of the previ- 
ous experimental results, though it would not 
enable that theory to give a reason for the 
activity of, and the existence of a current in, the 
pile; but which, if in error, would leave the con- 
tact theory utterly defenceless and without 
foundation. 

1860. A supporter of the contact theory may 
say that the various conducting electrolytes 
used in the previous experiments are like the 
metals; i.e., that they have an electromotive 
force at their points of contact with the metals 
and other solid conductors employed to com- 
plete the circuit; but that this is of such con- 
sistent strength at each place of contact, that, 
in a complete circle, the sum of the forces is 0 
(1809). The actions at the contacts are tense 
electromotive actions, but balanced, and so no 
current is produced. But what experiment is 
there to support this statement? where are 
the measured electromotive results proving 
it (1808)? I believe there are none. 

1861. Thecontacttheory,after assuming that 
mere contacts of dissimilar substances have 
electromotive powers, further assumes a differ- 
ence between metals and liquid conductors 
(1810) without which it is impossible that the 
theory can explain the current in the voltaic 
pile: for whilst the contact effects in a metaWc 
circuit are assumed to be always perfectly bal- 
anced, it is also assumed that the contact ^ects 
of the electrolytes or interposed fluid with the 
metals are not Imlanced, but are so far removed 
from an 3 d;hing like an equilibrium, as to pr<H 
duce most powerful currents, even the strbng- 
est that a voHaic pile can produce. If s6, then 
why should the sdution of sulphuret of potas- 
sium be an exception? it is quite unlike the 
metals: it does not appear to conduct itithout 
de(M}mpdsition;itkan<6X<!^lentelectrolyte,and 
^ exo^ent electrol^ mproper cases 
(1880), producing most powerful currents wheii 


it ads diemioally,^ it is M afl thes4 pomts qiuits 
Unlike the metals, and, in its action^ likeis^^ 
the acid or saline exciting electrolytes commoh^ 
ly used. How then can it be allowed that, witih^ 
out a sin^e direct experiment, and solely for 
the purpose of avoiding the forceof those which 
are placed in opposition, we should suppose it 
to leave its own station amon^ the electa^ 
lytes, and class with the metals^ and that too, 
in a point of character, which, even with them, 
is as yet a mere assumption (1809)7 

1862. But it is not with the sulphuret of po- 
tassium alone that this freedom must 1^ al- 
lowed; it must be extended to the nitrous acid 
(1843, 1847), to the nitric acid (1849, &c.), and 
even to the solution of potash (1854) ; all these 
being of the class of electrolytes, and yet ex^ 
hibitingno current in circuitswhere they donot 
occasion chemical action. Further, this excep- 
tion must be made for weak solutions of sul<^ 
phuret of potassium (1842) and of j^tassa 
(1856) , for they exhibit the same phenomena as 
the stronger solutions. And if the contact theo^ 
rists claim it for these weak solutions, then 
how will they meet the case of weak nitric 
acid which is not similar in its action on iron 
to strong nitric acid (1977), but can produce 
a powerful current? 

1863. The chemical philcffiopher is embat^ 
rassed by none of those difficulties; for he first, 
by asimpledirectexperiment, ascertains wheth- 
er any of the two given substances in the cb^ 
cuit are active chemically on each other. If 
they are, he expects and finds the correspond- 
ing current; if they are not, he expects and he 
finds no current, &ough the circuit be a good 
conductor and he look carefully for it (1829); 

1864. Again; taking the case of iron, platina, 

and solution of sulphuret of potassium, there b 
no current; but for iron substitute zinc, and 
thereis a powerful current. I miig^t for zinc sub- 
stitute copper, silver, tin, cadmium, bismuth^ 
lead, and other metals; but I toko zinc, because 
its sulphuret dissolves and is carried by tiie 
solution, and so leaves the case in a very simjfle 
state; the fact, however, is as strong with any 
of the other metals. Now if the contiaCt theory 
be true, and if the iron, plarina, and solution of 
sulphuret of potassium ^ve contacts are 

in perfect eqUHibrium as to t&rir'e^tfomotive 
force, then why dobs chan^g iird^ for zine 
destroy the equilibrium? Chanis^»<^ mebd 
for another in a metallic circuit caus^fio alte^ 
ation of this Idnd: nor does 

stance for asmther among; number of 
bodies wi&A:^ ib solid be used 
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midueliiig (but d^aBoloally maetive} 
aircdts (IS87y AoO* If the solutbn of 8ul|d»ti«ee 
itffotftssitiiii is to be classed with the metals as 
ta jts aetion in the ejqperiments I have quoted 
(1825| &e.) , then, how comes it to act quite un* 
likelhem, and with a power equal to the best of 
thaotiier class, in the new cases of sine, copper^ 
rihm, Ac.. (1882, 1885, Ac.)7 
. 18^. This difficulty, as I conceive, must be 
met, on the part of the contact theorists, by a 
new assumption, namely, that this fluid some- 
times acts as the best of the metab, or first class 
of conductors, and sometimes as the best of 
tike dectrolyt^or second class. Butsurely this 
would be far too loose a method of philosophis- 
Ukg in an experimental science (1889) ; and fur- 
tiler, it is most unfortunate for such an assump- 
ticm» tiiat this second condition or relation of it 
never comes on by itself, so as to give us a pure 
case of a current from contact alone; it never 
eomes on vnihaut that chemical action to which 
the chemist so simply refers all the current 
wluxdi is then product. 

1866. It is unnecessary for me to say that the 
same argument applies with equal force to the 
eases where nitrous acid, nitric acid, and solu- 
tion of potash are used ; and it is supported with 
equal strength by the results which they have 
§^V6D (1843, 1849, 1853). 

. 1867. It may be thought that it was quite un- 
necessary, but in my desire to establish contact 
electromotive force, to do which I was at one 
time very anxious, I made many circuits of 
three substances, including «i;;^ivanometer, all 
cmiductors, '^th the hope of finding an 
m!)»Qgmnent, whi(^,. without chemical action, 
ahcnildproduoe a current. Thenumber and vari- 
of these experiments may be understood 
liW the following summary; in which metals, 
sulphurets and oxides, all being con- 
even of . a thermo cucr^t, were thus 
OQanhh^ in various ways: 

LAsihiUm 

8.Ziiie 

4.0opper 

6#Pli]mbaai0 

j IPS 

6.8atb.<mtoofiion 

7. Nati^ iperoride of .mang^ese, 

8. Kati^ !gri^ sulphiiret of copper 

9. Native iron i^rites 
It). Native coppw p^tes 
ll.*Oalena 


I and 2 with 5, Q, 7,6^9, 10, 11, 12, IB; 14 in tuim 
1 and 3 with 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
1 and 5 with 6, 7, 8, 9, 10, 11, 12, 13, 14 
8 and 6 with 7, 8, 9, 10, 11, 12, 13, 14 
4 and 6 with 6, 7, 8, 9, 10, 11, 12, 13, 14 
4 and 6 with 7, 8, 9, 10, 11, 12, 13, 14 
4 and 7 with 8,9, 10, ll, 12, 13, 14 
4 and 8 with 9, 10, 11, 12, 13, 14 
4 and 9 with 10, 11, 12,13, 14 
4 and 10 with 11,12, 13, 14 
4 and 11 with 12, 13, 14 
4 and 12 with 13, 14 
4 and 13 with 14 
1 and 4 with 12 

1868. Martanlni states from experiment that 
copper is positive to sulphuret of copper : with 
the Voltaists, according to the same phnoso- 
pher, sulphuret of copper is positive to iron 
(1878), and with them also iron is positive to 
copper. These three bodies therefore ought to 
give a most powerful circle: but on the con- 
trary, whatever sulphuret of copper I have 
used, I have found not the slightest effect from 
such an arrangement. 

1869. As peroxide of lead is a body causing a 
powerful current in solution of sulphuret of po- 
tassium, and indeed in every case of a circuit 
where it can give up part of its oxygen, I thought 
it reasonable to expect that its contact with 
metals would produce a current, if contact ever 
could. A part of that which had been prepared 
(1822), was therefore well dried, which is quite 
essential in these cases, and formed into the 
following combinations: 

Platinum Zinc Peroxide of lead 

Platinum Lead Peroxide of lead 

Platinum Cadmium Peroxide of lead 

Platinum Iron Peroxide of lead 

Of these varied combinations, not one gave the 
least signs of a current, provided differences of 
temperature were excluded; though in every 
case the circle formed was, as to conducting 
power, perfect for the purpose, i.e., able to con- 
duct even a very weak thermo current. . 

1870; In the contact theory it is not there- 
fore the metails alone that must be assumed to 
have tiktir contact forces so balanced as to pro- 
duce, in any drele of them, an effect amount- 
ing to nothing (1809) ; but iHl solid bodies that 
are able to emi^ct, whether they be foims^of 
carbon, or oxides, or sulphurets, must be in- 
cluded in the same cati^ry. So abomUst the 
electrolytes already rrferred to, namdy*- the 
solutioi^ of mdpburet^f potastium ai4iK^ 

t muna in 1327, 

XK)L'224t ;.K' . " 
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be assumed, by the contact theory, to be ih this 
condition, un^ a case of toltaic cuimit with- 
out chemical action is produced (1858). 

1871. Then, even admitting that the results 
obtained by Volta and his followers with the 
electrometer prove that mere contact has an 
electromotive force and can produce an effect, 
surely all experience with contact alone goes to 
show that the electromotive forces in a circuit 
are always balanced. How else is it likely that 
theabove-namedmost varied substancesshould 
be found to agree in this respect? unless indeed 
it be, as I believe, that all substances agree in 
this, of having no such power at all. If so, then 
where is the source of power which can account 
by the theory of contact for the current in the 
voltaic pile? If they are not balanced, then 
where is the sufficient case of contact alone pro- 
ducing a current? or where are the numerical 
data which indicate that such a case can be 
(1808, 1868)? The contact philosophers are 
bound to produce, not a case where the current 
is infinitesimally small, for such cannot account 
for the current of the voltaic pile, and will al- 
ways come within the debatable ground which 
De la Rive has so well defended, but a case and 
data of such distinctness and importance as 
may be worthy of opposition to the numerous 
cases produced by the chemical philosopher 
(1892) ; for without them the contact theory as 
applied to the pile appears to me to have no 
support, and, as it asserts contact electromo- 
tive force even nnih the balanced condition, to 
be almost without foundation. 

1872. To avoid these and similar conclusions, 
the contact theory must bend about in the most 
particular and irregular way. Thus the contact 
of solution of sulphuret of potassium with iron 
must be considered as balanced by the joint 
force of its contact with platinum, and Ihe con- 
tact of iron and platinum with each other; but 
changing the iron for lead, then the contact of 
the sulphuret with the l&itOT metal is no longer 
balanced by the other two contacts, it has all 
of a sudden changed its relation; after a few 
seconds, when a film of sulphuret has. been 
formed by the chemioid action, then the current 
ceases, though the circuit be a good conductor 
(1885); and now it must be assumed that the 
solution has acquired its first relation ta;^the 
metals and to the sulphuret of lead; and 

an equifilnjum condition of the contacts in (he 


^ter ci the contact force; but with nitric acid^ 
it, on the contrary, must be allowed to change . 
the character of the force greatly (1977). is 
again acids and alkalies (as potassa) in the oosh 
es where the currents are pr^uced by thenvi as 
with zinc and platinum for instance, must to 
assumed as giving the preponderance of electro- 
motive force on the same side, though these Spre 
bodies which might have been expected to give 
opposite currents, since they differ so much in 
th^ nature. 

1874. Every case of a current is obliged to 
be met, on the part of the contact advocates, 
by assuming powers at the points of contact, 
in the particular case, of such proportionate 
strengths as will consist with the results cth 
tained, and the theory is made to bend about 
(1956, 1992, 2006, 2014, 2063), having no gen- 
eral relation for the acids or alkalies, or^other 
electrol 3 rtic soluticm used. The result therefore 
comes to this: The theory can predict nothuig 
regarding the results; it is accompanied by no 
case of a voltaic current produced without 
chemical action, and in those associated with 
chemical action, it bends about to suit the resi 
results, these contortions being exactly parallel 
to the variations which the pure chemic^ force, 
by experiment, indicates. 

1875. In the midst of all this, how simply 
does the chemical theory meet, include, cmn- 
bine, and even predict, the numerous ex*^ 
perimental results! When there is a cuitent 
there is also chemical action; when the action 
ceases, the cun^nt stops (1^2, 1885, 1894); 
the action is determined either at the anode 
or the cathode, according to circumstances 
(2039, 2041), and the direction of the current 
is invariably assodated with the directicm 
in whidi the active ctomical forces oblige tim 
anions and cations to move in the circle (962|< 
2052). 

1876. Now when in conjunction with these 
drcuxnstanoes it is considered that the many 
arrangements without chemical action (182^, 
&c.) produce no current; that those with 

ical action almost aiwa 3 rs produce a 
ttot hundreds occur in which chemical 
without eontad;pzY>du(^acurr6nt (201?^ijb^|$$ 
and that m many vdth contact but witl^t 
chemical ad^on <1867) are known a&d 
active; bow ^ we resist the conclusion, tirnt 
tiie powers df the voltaic battery on^mste m 
tiie exertion qC chemical force? 



m 

^l^. AdiveCirde$ Excited by 
Sviphuret of Potoussivm^ &c, 

1877, la 1812 Davy gave an experiment to 
flhow, tiiat of two different metals, copper and 
iron, that having the strongest attraction for 
oxygen was positive in oxidizing solutions, and 
that having the strongest attraction for sulphur 
was positive in sulphuretting solutions.^ In 1 827 
De la Rive quoted several such inversions of 
tiie states of two metals, produced by using 
different solutions, and reasoned from them, 
that the mere contact of the metals could not 
be the cause of their respective states, but that 
the chemical action of the liquid produced these 
states.^ 

1878. In a former paper I quoted Sir Hum- 
phry Davyds experiment (943), and gave its 
result as a proof ^at the contact of the iron and 
copper could not originate the current produced ; 
since when a dilute acid was used in place of the 
sulphuret, the current was reverse in direction, 
and yet the contact of the metals remained the 
same. M. Marianini* adds that copper will pro- 
duce the same effect with tin, lead, and even 
zinc; and also that silver will produce the same 
results as copper. In the case of copper he ac- 
counts for the effect by referring it to the rela- 
tion of the iron and the new body formed on the 
copper, the latter being, according to Volta, 
positive to the former.^ By his own experiment 
the same substance was negative to the iron 
across the same solution.^ 

1879. 1 desire at present to resume the class 
of eases where a solution of sulphuret of potas- 
sium is the liquid in a voltaic circuit ; for I think 
they give most powerful propf that the current 
m the voltaic battery cannot be produced by 
contact, but is due altogether to chemical 
action. 

1880. The solution of sulphuret of potassium 
(1812) is a most excellent conductor of electric- 
ity (1814). When subjected between platmum 
electrodes to the decomposing power of a small 
voltaic battery, it readily gave pure sulphur at 
the anode, and a little gas, which was probably 
hydrogen, at the cathode. When arranged with 
idatinum surfaces so as to form a Ritter’s seoon- 
darypile, thepassageofafeebleprimary current, 
f<xr a few seconds only, makes this secondary 
battery ^ective in causing a counter current ; so 
that, in accordance with the electrolytic conduc- 

A Elements of Chemical PhiUosq^ih P* 148. 

1828, XXXVlI. 231-237; 

^ f Menmis ludiana in Modena, 1837v 

P-210, «IOi<f.,p.224. 
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tion(923, 1343), it probdidy does not conduct 
without decomposition, or if at all, its point of 
electrolytic intensity (966, 983) must l)e very 
low. Its exciting action (speaking on the chemi- 
cal theory) is eitherthegivingan anion (sulphur) 
to such metallic and other bodies as it can act 
upon, or, in some cases, as with the peroxides of 
lead and manganese, and the protoxide of iron 
(2046), the abstraction of an anion from the 
body in contact with it, the current produced 
being in the one or the other direction accord- 
ingly. Its chemical affinities are such that in 
many cases its anion goes to that metal, of a 
pair of metals, which is left untouched when the 
usual exciting electrolytes are employed; and 
so a beautiful inversion of the current in rela- 
tion to the metals is obtained ; thus, wh^ cop- 
per and nickel are used with it, the anion goes 
to the copper; but vrhen the same meta^ are 
used with the ordinary electrol3rtic' fluid^ the 
anion goes to the nickel. Its excellent conduct- 
ing power renders the currents it can excite very 
evident and strong; and it should be remem- 
bered that the strength of the resulting cur- 
rents, as indicated by the galvanometer, de- 
pends jointly upon the energy (not the mere 
quantity) of the exciting action called into play, 
and the conductive ability of the circuit through 
which the current has to run. The value of this 
exciting electrolyte is increased for the present 
investigation, by the circumstance of its giving, 
by its action on the metals, resulting com- 
pounds, some of which are insoluble, whilst 
others are soluble; and, of the insoluble results, 
some are excellent conductors, whilst others 
have no conducting power at all. 

1881. The experiments to be described were 
made generally in the following manner. Wires 
of platinum, gold, palladium, iron, lead, tin, 
and the other malleable metals, about one- 
twentieth of an inch in diameter and six inches 
long, were prepared. Two of these being con- 
nect^ with the ends of the galvanometer-wires, 
were plunged at the same instant into the solu- 
tion of sulphuret of potassium in a test-glass, 
and kept there without agitation (1919), the 
effects at the same time being observed. The 
wires were in every case carefully claused with 
fresh fine sand-paper and a clean cloth; and 
were sometimes even burnished by a glass rod, 
to give themasmooth surface. Precautions were 
taten to avoid any differenceof temperature at 
riie junctions of the different metals with the 
galvanometer-wires. 

1882. Tin and platinum. When tin was associ- 
ated with platinum, gold, or, I may say, any 
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orfcher meiial whidi is chemically inactive ui the 
solution of the sulphuret, a strong electiid cur- 
rent was produced, the tin being positive to the 
platinum through the solution, or, in other 
words, the current being from the tin through 
the solution to the platinum. In a very short 
time this current fell greatly in power, and in 
ten minutes the galvanometer-ne^le was near- 
ly at 0®. On then endeavouring to transmit 
the antimony-bismuth thermo current (1825) 
through the circuit, it was found that it could 
not pass, the circle having lost its conducting 
power. This was the consequence of the forma- 
tion on the tin of an insoluble, investing, non- 
conducting sulphuret of that metal; the non- 
conducting power of the body formed is not 
only evident from the present result, but also 
from a former experiment (1821). 

1883. Marianini thinks it is possible that (in 
the case of copper, at least [1878], and, so I 
presume, for all similar cases, for surely one 
law or principle should govern them) the cur^ 
rent is due to the contact force of the sulphuret 
formed. But that application is here entirely ex- 
cluded ; for how can a mnrcmdmting body form 
a current, either by contact or in any other 
way? No such case has ever been shown, nor is 
it in the nature of things; so that it cannot be 
the contact of the sulphuret that here causes 
the current; and if not in the present, why in 
any case? for nothing happens here that does 
not happen in any other instance of a current 
produced by the same exciting electrol 3 rte. 

1884. On the other hand, how beautiful a 
proof the result gives in confirmation of the 
chemical theory! Tin can take sulphur from the 
electrolyte to form a sulphuret; and whilst it 
is doing so, and in proportion to the degree in 
which it is doing so, it produce^ a current; but 
when the sulphuret which is formed, by investr 
ing the metal, shuts off the fluid and prevents 
further chemical action, then the current ceases 
also. Nor is it necessary that it should be a non- 
conductor for this purpose, for conducting sul- 
phurets will perform the same office (1885, 
1894), and bring about the same result. What, 
then, can be more clear^ than that whilst the 
sulphuret is being formed a current is produced,, 
but that when formed its mere contact can do 
nothing towards such an effect? 

1885. Lead, This metal presents a fine result 
in the sdiution of sulphuret of potassium* Lead 
and platinum being the metals used, the lead 
Was at first highly positive, butina fewseebnds 
t&B current felL and in tvro.minuto ihe gai- 
vanometer-neecUe was at (f. Stitt the arrange- 


ment conducted a fei^ Ihenno eurr^t ex* 
tomely well, the conducting power not having 
disappeared, as in the ease of tin; for the invest- 
ing sulphuret of lead is a conductor <1820). 
Nevertheless, though a conductor, it could stop 
the further chemical action; and that ceasing, 
the current ceased also. 

1886. Lead and gold produced the same effect. 
Lead and palladium the same. Lead and iron 
the same, except that the circumstances re- 
specting the tendency of the latter metal under 
common circumstances to produce a current 
from the dectrolyte to itself, have to be con- 
sidered and guarded against (1826, 2049). Lead 
and nickel also the same. In all these oases, 
when the lead was taken out and washed, it was 
found beautifully invested with a thin polished 
pellicle of sulphuret of lead. 

1887. With lead, then, we have a conducting 
sulf^uret formed, but still there is no sign that 
its contact can produce a current, any. more 
than in the case of the nonrconducting sulphuret 
of tin (1882). There is no new or additional 
action produced by this cemducting body; there 
was no deficiency of action with the former nonr 
conducting product; both are alike in their re- 
sults, being in fact, essentially alike in their 
relation to that on which the current really de- 
pends, namely, an active chemical force. A 
piece of lead put alone into the solution of sul- 
phuret of potassium, has its surface converted 
into sulphuret of lead, the proof thus being ob- 
tained, even when the current cannot be formed, 
that there is a force (chemical) present and 
active under such circumstances ; and such force 
can produce a current of chemical force when 
the circuit form is ^ven to the arrangement. 
The force at the place of excitement shows it- 
self, both by the formation of sulphuret of lead 
and the production of a current. In i^oportion 
as the formation of ^e one decreases the pro- 
duction of the other diminishes, though all the 
bodies produced are conductors, and contaclf 
still remains to perform any work or cause ai^ 
effect to which it is competent. 

1888. It may perhaps be said that the curra^ 

is due to the contact between the solution ol 
sulphuret and the lead (or tin, as the case may 
be), which occurs at the beginning of 
periment; and that wh^ the actiem ceases; it is 
because a new body, tiie sulphuret of l6s4t is ia* 
troduced mto the drctiit, the various contacto 
bring then balanced in their force. This woi^d 
be to fall back upmi the assumption hefom re- 
sisted (1861, 1866, 1872), namely^ that tibesohl** 
tionmay dm withmetaband bodiee,; 
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contain !relatiioii to 
some oi^ these bodies, as in this ease, to the sul* 
phtitet of lead produced, but not with others^ as 
Sim lead itsdf ; both the lead and its sulphuric 
b^ag in the same category as the metals g^ 
e«aHy (!«», 1870). 

18^. The utter improbabiUty of this as a 
natural effect, and the absence of all experi- 
ment proof in support of it, have been already 
stated (1861, 1871), but one or two additional 
reasons against it now arise. The state of things 
may perlmps be made clearer by a diagram or 
two, in which assumed contact forces may be 
assigned, in the absence of all experimental ex- 
pression, without injury to the reasoning. Let 
Fig. 4t PI* XII, represent the electromotive 
forces of a circle of platinum, iron, and solution 
of sulphuret of potassium; or platinum, nickel, 
and solution of sulphuret; cases in which the 
forces are, according to the contact theory, bal- 
anced (1860). Then Fig. S may represent the 
drele of platinum, lead, and solution of sul- 
phuret, which does produce a current, and, as 

I have assumed, with a resulting force of 

II — >. This in a few minutes becomes quies- 
cent, i.e., the current ceases, and Fig. 6 may rep- 
resent this new case according to the contact 
t^ry. Now is it at all likely that by the inter- 
vention of sulphuret of lead at the contact c, 
Fig. 5, and the production of two contacts d 
and s, Fig. d, such an enormous change of the 
contact force suffering alteration should be 
made as from 10 to 21? the intervention of the 
same sulphuret ather at a or 6 (1834, 1840) be- 
ing able to do nothing of the kind, for the sum 
of the force of the two new contacts is in that 
ease exactly equal to the force of the contact 
i^ch tiiey reiriaoC, as is proved by such inter- 
lotion making no change in the effects of the 
eirde (1867, 1840). If therefore the intervention 
ol this body between feod and platinum at a, or 
MMeh sdution of stdpMeref of potassium and 
plalkium at b (Fig. S) causes no change, these 
Oes indoding its contact with both ibsA and 
the sedation of sulphuret, is it at all probable 
SmSb im intervention between these two bo^^ 
at e AoUld mdke a difference equal to double 
to amount nf iore$ previously existing, or m- 
deed any diffe^ce at all? 

1890. Such an altd^ation as this, in the sum 
asdgned as the amounts the forces belon^ng 
solidmieft of Imd by virtue of its two 

t )es of (bntact, is equivalmit I think to say^ 
that it partidm of tiMunomatous diaracter 
supposed to to certain fluids, 

of sometimes ^ving balanced forces in 


drdes of good cbiuittctom, and at lUm 
not (1866). , . 

1891. Even the metals th^nsdives must in 
fact be forced into this constrained condition; 
for the effect at a point of contact, if there be 
a/ny at aU, must be the result of the joint and 
mvttud actions of the bodies in contact. If there- 
fore in the circuit, Fig. 5, the contact forces are 
not balanced, it must be because of the deficient 
joint action of the lead and solution at c.^ If the 
metal and fiuid were to act in their proper char- 
acter, and as iron or nickel would do in the place 
of the lead, then the force there would be — 
21, whereas.^is less, or according to the as- 
sumed numl^rs only 10. Now as tnere is 
no reason why the lead should have any superi- 
ority assigned to it over the solution, sinffi the 
latter can give a balanced condition amemgst 
good conductors in its proper situation as Well 
as the former; how can this be, irnless lead j^s- 
sess that strange character of sometimes giving 
equipoised contacts, and at other times not 
(1865)? 

1892. If that be true of lead, it must be true 
of all the metals which, with this sulphuretted 
electrolyte, give circles producing currents; and 
this would include bismuth, copper, antimony, 
silver, cadmium, zinc, tin, &c., &c. With other 
electrolytic fluids iron and nickel would be in- 
cluded, and even gold, platinum, palladium; in 
fact all the bodies that can be made to yield in 
any way active voltaic circuits. Then is it pos- 
sible that this can be true, and yet not a single 
combination of this extensive class of bodies be 
producible that can give the current without 
chemical action (1867), considered not as a re- 
sult, but as a known and pre-existing force? 

1893. 1 will endeavour to avoid further state- 
ment of the arguments, but think myself bound 
to produce (1799) a small proportion of the 
enormous body of facts which appear to me to 
bear evidence all in one direction. 

1894. Bismuth. This metal, when associated 
with platinum, gold, or pallWlium in solution 
of the sulphuret of potassdum, gives active cir- 
cles, the bismuth b^g potitive. In the course 
of less than half an hour the current ceases; but 
the circuit is stflt an excellent conductor of 
thermo currants. Bismuth with iron or nidkei 
produces the same final result with the reserva- 
tion before made (1826). Bismuth and lead^ve 
an active emete; at first the bbmtitb is potitive; 

» My inistim m eamm and if othsEr numbers 
were talMii^thfereaeomng might Jbe tp 5^- 

taot h, or even to contact a, but the end tamo argu* 
nuwit Would in every case be the eaihe. ' 
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m ww&m^kiis tmi&o cjesM^ tml '^e 
fjxwM iftitt coiidttcta ih« tiiehuo cuMtltiin^. 

1895. Thua wfailat aulpfauret of bi8mu& is in 
the aot of formation the current is produced; 
when the chemical action ceases the current 
ceases also ; though contact continues and the 
stt^uret a good conductor. In the case of 
Usmttth and lead the chemical action occurs at 
both sides, but is most energetic at the Usmuth, 
and the current is determined accordingly. 
Even in that instance the cessation of chemical 
action diuses the cessation of the current. 

1896. In these experiments with lead and 
muth I have given their associations with plat- 
inum, gold, palladium, iron, and nickd; be- 
cause, believing in the first place that the re- 
sults prove all current to depend on chemical 
action, then, the quiescent state of the result- 
ing or final circles shows that the contacts of 
these metals in their respective pairs are withr 
out force (1829) : and upon that again follows 
the passive condition of all those contacts which 
can be produced by interposing other conduct- 
ing bodies between them (1833); an argument 
that need not again be urged. 

1897. Copper. This substance beingassociated 
with platinum, gold, iron, or any metal chem- 
ically inactive in the solution of sulphuret, gives 
an active circle, in which the copper is positive 
through the electrolyte to the other metal. The 
action, though it falls, does not come to a close 
as in the former cases, and for these simple 
reasons; that the sulphuret formed is not com- 
pact but porous, and does not adhere to the 
copper, but separates from it in scales. Hence 
results a continued renewal of the chemical no- 
tion between the metal and electrolyte, and a 
continuance of the cunwt. If after a while the 


idea, 411^ mm of 

mi it could have cauead 
current smd podtive state bf (he oqiper <181^ 
1897) . A further proof that it is hot the mm 
prmncet but the /ormedum, of the sulphuret 
which causes the current, is, thaty if the plaite 
be left long enough for the solution to pene^te 
the invesling crust of sulphuret of copper amt 
come into activity on the metal benea^, then 
the plate becomes active, and a currmit is 
produced. 

1899. 1 made some sulphuret of copper, by 
igniting thick copper wire in a Florence flavor 
crucible in abundance of vapour of sulphur. Ihe 
body produced is in an excellent form for Ihew 
experiments, and a good conductor; but it is 
not without action on the sulphuretted solution^ 
from which it can take more sulphur, and the 
consequence is that it is positive to platinuni or 
iron in such a solution. If such sulphuret of co^ 
per be left long in the solution, and then be 
washed and dried, it will generally acquire the 
final state of sulphuration, either in pai^ or al- 
together, and also be inactive, as the sulphuret 
formed on the copper was before (1898); i.e., 
when its chemical action is exhaust^, it ceases 
to produce a current. 

19(10. Native gray sulphuret of copper has the 
same relation to the electrolyte: it t^essulphur 
from it and is raised to a higher state of com* 
bination; and, as it is also a conductor (1820), 
it produces a current, being itself positive so 
long as the action continues. 

1901. But when the copper iefuOy mdphureltr 
ted, then all these actions cease; thou^ the sal«* 
phuret be a conductor, the contacts still re- 
main, and the circle can cany with facility a 
feeble thermo current. This is not only shown 


copper plate be taken out and washed, and 
dri^, even the wiping will remove part of the 
sulphuret in scales, and the nail separates the 
rest with facility. Or if a copper plate be left in 
abundance of the sdution of sulphuret, the 
chemicsd action oordinues, and the coat of sul- 
phuret of copper becmnes thicker and thicker. 

1898. If, as Marianini has shown,^ a copper 
plate whii^ has been dipped in the solution of 
sulphuret, be lemoved before the coat formed 
is so tiu(^ as to break up from the metfd be- 
neath, and be washed and dried, and then re- 
placed, in assoeiatiem with platinum or iron, in 
the solution, it wfil at first be neutral, or, as is 
oftmi the negative (1827, 1838) to tiie 
other metal, a result tiuitein opposition to the 



by the quiescent cases just mentioned (1888), 
but also by the uttmr inactivity of platinum, 
and eompaet y^ow copper pyr&eOj when oon*^ 
joined by this el6ctiOl3lo, asi^owu in a former 
port of this paper (18^), 

1902. AnHmony. This metal, being put aJone 
into a solution of sulphuret of potassium, is 
ed on, and a sulphuret of antimony fonmd 
which does not ai&ere strongly to mem 
but wipes off. Atcordmgly, if a drcle hejbtpam'-, 
of antimony, platmiim, and the solution, tim 
antimony is positive in the electrolyte, and a 
powerful current is formed, which oontiiiim 
Here then is another beautiful variatkm'of 
oonditions under which the chexxucal theory can 
so easily account for the effects, whilst thetim- 
ory of contacts cannot. The sulphuret produced 
in this case is a non-oonduetor wh&t in (fas 
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9 oUd state (402) ; it caiimot theref oi:e be tihi^ 
oontaet of this sulphuret can produce the cur- 
rent; in that respect it is like the milphuret of 
tin (1882)« But that circumstance does not 
stop the occurrence of the chemical current; 
for, as the sulphuret forms a porous instead of 
a continuous crust, the electrol 3 rte has access 
to the metal and the action goes on. 

1903. Siltfer. This metal, associated with plat* 
inum, iron, or other metals inactive in this elec- 
trolyte, is strongly positive, and gives a power- 
ful continuous current. Accordingly, if a plate 
ot silver, coated with sulphuret by the simple 
action of the solution, be examined, it will be 
found that the crust is brittle and broken, and 
separates almost spontaneously from the metal. 
In this respect, therefore, silver and copper are 
alike, and the action consequently continues in 
both cases; but they differ in the sulphuret of 
silver bdng a non-conductor (434) for these 
feeble currents, and, in that respect, this metal 
is analogous to antimony (1902). 

1904. Cadmium, Cadmium with platinum, 
gold, iron, <&c., gives a powerful current in the 
solution of sulphuret, and the cadmium is pos- 
itive. On several occasions this current contin- 
ued for two or three hours or more; and at such 
times, the cadmium being taken out, washed 
and wiped, the sulphuret was found to separate 
easily in scales on the cloth used. 

1905. Sometimes the current would soon 
cease; and then the circle was found not to con- 
duct the thermo current (1813). In these cases, 
also, on examining the cadmium, the coat of 
sulphuret was strongly adherent, and this was 
more especially the case when prior to the ex- 
pmment the cadmium, after having been 
deaned, was burnished by a glass rod (1881). 
Henceitappears thatthesulphuretof thismet^ 
is a non-conductor, and that its contact could 
not have caused the current (1883) in the man- 
ner Marianini supposes. All the results it sup- 
plies are in perfect harmony with the chemical 
tbeoiy and adverse to contact theory. 

1906. Zinc. This metal, with platinum, gold, 
iron, &c.| and the solution of sulphuret, pro- 
duces a very powerful current, and is positive 
throng the solution to the other metal. The 
current was p^manent. Here another beauti- 
ful change in the circumstances of the genml 
experiment oocqrs. Sulphuret of sine is a non- 
e^duotor of electricity (1821), like the sul- 
^l^urets of tin, cadmiumi and antimony; but 

it is sduble in the solution of sulphuret of 
« a property easily ascertaiwble by 
of solntiimof rinc into a poilian 


of the electrolytic solution, and first stirring 
them a little, by which abundance of sulphuret 
of sine will be formed; and then stirring the 
whole well together, when it will be redissolved. 
The consequence of this solubility is, that the 
sine when taken out of the solution is perfectly 
free from investing sulphuret of sine. Hence, 
therefore, a very sufficient reason, on the 
chemical theory, why the action should go on. 
But how can the theory of contact refer the 
current to any contact of the metallic sul- 
phuret, when that sulphuret is, in the first 
place, a non-conductor, and, in the next, is 
dissolved and carried off into the solutiem at 
the moment of its formation? r 

1907. Thus all the phenomena with this ad- 
mirable electrolyte (1880), whether the^be 
those which are related to it as an active (1^9) 
or as a passive (1825, &c.) body, confirm tiie 
chemical theory, and oppose that of contact. 
With tin and cadmium it gives an impermeable 
non-conducting body; with lead and bismuth 
it gives an impermeable conducting body; with 
antimony and silver it produces a permeable 
non-conducting body ; with copper a permeable 
conducting body; and with zinc a soluble non- 
conducting body. The chemical action and its 
resulting current are perfectly consistent with 
aU these variations. But try to explain them by 
tiie theory of contact, and, as far as I can per- 
ceive, that can only be done by twisting the 
theory about and making it still more tortuous 
than before (1861, 1865, 1872, 1874, 1889); 
special assumptions being necessary to account 
for the effects which, under it, become so many 
special cases. 

1908. Solution of protomdphuret of potassium^ 
Of hihydrosidphuret of potassa. I us^ a solution 
of this kind as the electrolyte in a few cases. 
The results generally were in accordance with 
those already given, but I did not think it nec- 
essary to piursue them at length. The solution 
was made by passing sulphuretted hydrogen 
gas for twenty-four hours through a strong solu- 
tion of pure caustic potassa. 

1009. Iron and platinum with this solution 
formed a circle in which the iron was first nega- 
tive, then gradually became neutral, and fii^* 
ly acquired a positive state* The solution first 
acted as the yellow sulphuret in reducing the 
investing oxide (2049), and then, apparently^ 
directly on the iron, dissolving the sulphuret 
formed. Nickel was poritive to platinum from 
t^ first, and continued so though produemg 
only a weak current. When weak chemical ac- 
tion was substituted for znetallic contact 
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(PL XII, Fig, 2) (1831), a powerful current 
passed. Copper was highly positive to iron and 
nickel; as also to platinum, gold, and the other 
metals which were unacted upon by the solution. 
Silver was positive to iron, nickel, and even 
lead; as well as to platinum, gold, &c. Lead is 
positive to platinum, then the current falls, but 
does not cease. Bismuth is also positive at first, 
but after a while the current almost entirely 
ceases, as with the yellow sulphuret of potas- 
sium fl894). 

1910. Native gray sulphuret of copper and 
artificial sulphuret of copper (1899) were posi- 
tive to platinum and the inactive metals: but 
yellow copper pyrites, yellow iron pyrites, and 
galena, were inactive with these metals in this 
solution; as before they had been with the solu- 
tion of yellow or bisulphuret of potassium. This 
solution, as might be expected from its compo- 
sition, has more of alkaline characters in it than 
the yellow sulphuret of potassium. 

1911. Before concluding this account of re- 
sults with the sulphuretted solutions, as excit- 
ing electrolytes, I will mention the varying and 
beautiful phenomena which occur when copper 
and silver, or two pieces of copper, or two piec- 
es of silver, form a circle with the yellow solu- 
tion. If the metals be copper and silver, the 


copper is at first podtive and the silver remains 
untarnished; in a short time this action ceases, 
and the silver becomes positive; at the same in- 
stant it begins to combine with sulphur and 
becomes covered with sulphuret of silver; in 
the course of a few moments the copper again 
becomes positive; and thus the action will 
change from side to side several times, and the 
current with it, according as the circumstances 
become in turn more favourable at one side or 
the other. 

1912. But how can it be thought that the 
current first produced is due in any way to the 
contact of the sulphuret of copper formed, since 
its presence there becomes at last the reason why 
that first current diminishes, and enables the 
silver, which is originally the weaker in excit- 
ing force, and has no sulphuret as yet formed 
on it, to assume for a time the predominance, 
and produce a current which can overcome that 
excited at the copper (1911)? What can account 
for these changes, but chemical action which, 
as it appears to me, accounts, as far as we have 
yet gone, with the utmost simplicity, for all the 
effects produced, however varied the mode of 
action and their circumstances may be? 

Royal InstUiUion, December 12, 1839 
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If iv. The Exciting Chemical Force Affected 
by Temperature 

1913. On the view that chemical force is the 
origin of the electric current in the voltaic cir- 
cuit, it is important that we have the power of 
causing by ordinary chemical means, a varia- 
tion of that force within certain limits, without 
involving any alteration of the metallic of even 
the other contacts in the circuit. Such vma- 
tions should produce corresponding voltaic ef- 
fects, imd it ap^emd no^ hnprobable t^t 
these differences alone might be made effective 


enough to produce currents without any me- 
tallic contact at all. 

1914. De la Rive has shown that the increased 
action of a pair of metals, when put into hot 
fluid instead of cold, is in a great measure due 
to the exaltation of the chemical affinity on 
that metal which was acted upon.^ My object 
was to add to the argument by ufing but ope 
metal and one fluid, so that the fluid ix^tjbe 
alike at both contacts, but to exalt the 
cal force at ope only of the contacts by the ao- 

1 Annalei de Chimie, 1828i XXXVIl, p, 20, 
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tion of heat If mtdbi differeooe jprodooiM « 
rmt oirotoB whidi either <hdiiotfeiierate 
a thensbO current th^nadves, or could not oon-« 
duct that d an antimony and bismuth element 
it seemed probable that the effect would prove 
to be a result of pure clmmical force, contact 
doing nothing. 

1915. The apparatus used was a glass tube 
(PL XIII, Fig. 1) about five inches long and 
0.4 of an inch internal diameter, open at both 
ends, bent, and supported on a retort-etand. 
In this the liquid was placed, and the portion 
in the upper part of one limb could then easily 
be heat^ and retained so, whilst that in the 
other limb was cold. In the experiments I will 
call the left-hand side A, and the right-hand 
side B, taking care to make no change of these 
designations. C and D are the wires of metal 
(1881) to be compared; they were formed into 
a circuit by means of the galvanometer, and, 
often also, a Seebeck’s thermo-element of an- 
timony and bismuth; both these, of course, 
caused no disturbing effect so long as the tem- 
perature of their various junctions was alike. 
The wires were carefully prepared (1881 ), and 
when two of the same metal were used, they 
consisted of the successive portions of the same 
piece of wire. 

1916. The precautions which are necessary 
for the elimination of a correct result are rather 
numerous, but simple in their nature. 

1917. Effect of first immersion. It is hardly 
possible to have the two wires of the same met- 
al, even platinum, so exactly alike that they 
shall not produce a current in consequence of 
their difference; hence it is necessary to al- 
ternate the wires and repeat the experiment 
several times, until an undoubted rei^t inde- 
pendent of such disturbing mfluences is ob- 
tained. 

1918. Effect of the inveHing fluid or eubstance. 
The fluid produced by &e action of the liquid 
upon the metal exerts, as is wdl known, a most 
important influence on the production of a cur^^ 
rent. Thus when two wires of cadmium were 
used with t}ieapparatus(Pl.XIII,Fig4i) (1915) 
containing dilute sulphuric acid, hot on one 
Bide and cold on the otib^, the hot cadmitua 
was at first positive, producing a deflection of 
about 10?; Itot in a ctert time this effect dkh 
Appeared, and a ourrmit in the reverse direc- 
tion equal to l(f or More woidd api^» the 
hot cadmium being now negative^ 

to thequieker exhimstbn of chemical fo 

of the film of add on tihe heated eur- 

^Ace (1008^ 103^ and the omssqjsmi 


final ntumrimity cf the eolderddeatvdil^ 
actionwasthusneoeasaiflymorepcmerfhUt^ 
Ac.; 1966, 2015, 2031, Ae,). Mariaaiini has^ 
scribed many cases of the effects of investie^ 
solutions, showing that if two pieces of the 
same metal (iron, tin, lead, dno, &c.) be used, 
the one first immersed is negative to the other, 
and has ^ven his views of the cause.' The pre- 
caution against this effect was not to put the 
metals into the acid until the proper tempera- 
ture had been given to both pai^ of it, and 
then to observe the first effect produced, ac- 
counting that as the true indication, but re- 
peating the experiment until the result was 
certain. 

1919. Effect of motion. This investing fluid 
(1918) made it necessary to guard against the 
effect of successive rest and motion of the metal 
in the fluid. As an illustration, if two tin wires 
(1881) be put into dilute nitric acid, there will 
probably be a little motion at the galvanome- 
ter, and then the needle will settle at 0^. If 
either wire be then moved, the other remaining 
quiet, that in motion will become positive* 
Again, tin and cadmium in dilute sulphuric 
acid gave a strong current, the cadmium being 
positive, and the needle was deflected 80^. 
When left, the force of the current fdl to 35% 
If the cadmium were then moved it produced 
very little alteration; but if the tin were moved 
it produced a great change, not showing, as 
before, an increase of its force, but the reverse, 
for it became more negative, and the curr^ 
force rose up again to 80^.' The precaution 
adopted to avoid the interference of these 
actions, was not only to observe the first ^ect 
of the mtroduced wires, but to keep themmov- 
mg from the moment of the introduction. 

1920. The above effect was another reason 
for heating the acids, &c. (1918), before the 
wires were immersed; for m the experiment 
just described, if the cadmium side were heated 

1 AmuOss de Chimie, 1880* XLY, p. 40. 

< Tin has some remarkable actions in this respect. 
If tieo tins be immersed in succession into dilute m- 
trio acid* the one last in is positive to the other at the 
moment: if, both being in, one be moved, that is for 
the time positive to the other. But if dilute sulphuric 
acid be employed, the last tin is always negative,: if 
one be taken out, cleaned, and reimmersed, it is 
ativC: if, both beitig in and neutral* one be moved,^ 
beoomee negative to the other. The effects with nufe*' 
riatio acid are the same in kind as those with sul^ 
phurio add, but not so strong. This effect jpeuAuKfS 
depends upon the compound of tin first produced.w 
the sulphuric ana muriatic acids tendixm to acquire 
some other and more advanced state, either in rela- 
tion to the oxs/gen, chlorine or acid ooneeniiBd, and 
BO addiiME a force to that which at the first moinsnt, 
when only tnetallte tin and add are prccsnt, tends tc 
dstermiBaa current. 
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to bdiSng, the motmeixt the fluid was a^tated 
on tSie tin side by the boiling on the cadmium 
side, there was more effect by far produced by 
the motion than the heat: for the heat at the 
cadmium alone did little or nothing, but the 
jumping of the acid over the tin made a differ- 
ence in the current of 20® or 30®, 

1921. Effect of (dr. Two platinum wires were 
put into cold strong solution of sulphuret of 
pcM^assium (1812), (PL XIII, Fig. 1); and the 
galvanometer was soon at 0®. On heating and 
boiling the fluid on the side A (1916) the plati- 
num in it became negative; cooling that side, 
by pouring a little water over it from a jug, 
and heating the side B, the platinum there in 
turn became negative; and, though the action 
was irregular, the same general result occurred 
however the temperatures of the parts were 
altmd. This was not due to the chemical ef- 
fect of the electrol 3 rte on the heated platinum. 
Nor do I believe it was a true thermo current 
(1933) ; but if it were the latter, then the heated 
platinum was negcdive through the electrolyte 
to the cold platinum. I believe it was altogether 
the increased effect of the air upon the dectro- 
lyte at the heated side; and it is evident that 
the application of the heat, by causing cur- 
rents in the fluid and also in the air, facilitates 
their mutual action at that place. It has been 
already shown that lifting up a platinum wire 
in this solution, so as to expose it for a moment 
to the air (1827), renders it negative when re- 
immersed, an effect which is in perfect accord- 
ance with the assumed action of the heated air 
and fluid in the present case. The interference 
of this effect is obviated by raising the tem- 
perature of the electrolyte quietly before the 
wires are immersed (1918), and observing only 
the first effect. 

1922. Effect of hmt. In certain cases where 
two different metals are used, there is a very 
remarkable eff ect produced on heating the nega- 
tive metal. This will require too much detail to 
be described fully here; but I will briefly point 
it out and illustrate it by an example or two. 

1923. When two platinum wires were com- 
poxed in hot and cold dilute sulphuric acid 
(1936), they gave scarcely a sensible trace of 
any electric current. If any real effect of heat 
occurred, it was that the hot metal was the 
least degree positive. When silver and silver 
Were compared, hot and cold, there was also no 
sentible €dB(ect, But when platinum and silver 
wm compared m the same acid, different ef- 
ieclto ocemred. Both being cold^ the edlver in 

A tide (PL XIII, Fig. 1) (1916) was positive 


about 4®, by the galvanometer; moving the 
platina on the other side B did not alto* this 
effect, but on heating the acid and platinum 
there, the current became very powerful, de- 
flecting the needle 30®, and the silver was posi- 
tive. Whilst the heat continued, the ^ect con- 
tinued ; but on cooling the acid and platinum it 
went down to the first degree. No such effect 
took place at the silver; for on heating that 
side, instead of becoming negative, it became 
more positive, but only to the degree of de- 
flecting the needle 16®. Then, motion of the 
platinum (1919) facilitated the passing of the 
current and.t^^e deflection increased, but)A6a^> 
ing the platinum side did far more. I 

1924. Silver and copper in dilute sulphuric 
acid produced very little effect; the coppet was 
positive about 1® by the galvanometer; mov- 
ing the copper or the silver did nothing; heat- 
ing the copper side caused no change; but on 
heating the silver side it became negative 20®. 
On cooling the silver side this effect went down, 
and then, either moving the silver or copper, 
or heating the copper side, caused very little 
change: but heating the silver side made it 
negative as before. 

1925. All this resolves itself into an effect of 
the following kind; that where two metals are 
in the relation of positive and negative to each 
other in such an electrolyte as dilute acids (and 
perhaps others), heating the negative metal at 
its contact with the electrolyte enables the cur- 
rent, which tends to form, to pass with such 
facility, as to give a result sometimes tenfold 
more powerful than would occur without it. It 
is not displacement of the investing fluid, for 
motion will in these cases do nothing: it is not 
chemical action, for the effect occurs at that 
electrode where the chemical action is not ac- 
tive: it is not a thermo-electric phenomenon of 
the ordinary kind, because it depends upon a 
voltaic relation; i.e., the metal showing the ef- 
fect must be negative to the other metal in the 
electrolyie; so silver heated does nothing with 
tilver cold, though it shows a great effect with 
copper either hot or cold (1924) ; and platinum 
hot is as nothing to platinum cold, but much to 
silver either hot or cold. 

1926. Whatever may be the intimate action 
of heat in these cases, there is no doubt that it 
is dependent on the current which tends to 
pass round the circuit. It is essential to remem* 
ber that the increased effect on the galvanom- 
eter is not due to any increase in the eledtro- 
motive force, but soldy to the removal of oh- 
stiuctionto thecurrent by an increase probaibly 
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of discharge. M. de la Hive has described an 
effect of heat, on the passage of the electric 
current, through dilute acid placed in the cir- 
cuit, by platinum electrodes. Heat applied to 
the negative electrode increased the deflection 
of a galvanometer needle in the circuit, from 
12® to 30® or 45®; whilst heat applied to the 
positive electrode caused no change.^ I have 
not been able to obtain this nullity of effect at 
the positive electrode when a voltaic battery 
was used (1639) ; but I have no doubt the pres- 
ent phenomena will prove to be virtually the 
same as those which that philosopher has de- 
scribed. 

1927. The effect interferes frequently in the 
ensuing experiments when two metals, hot and 
cold, are compared with each other; and the 
more so as the negative metal approximates in 
inactivity of character to platinum or rhodium. 
Thus in the comparison of cold copper, with 
hot silver, gold, or platinum, in dilute nitric 
acid, this effect tends to make the copper ap- 
pear more positive than it otherwise would do. 

1928. Place of the wire terminatione. It is req- 
uisite that the (nd of the wire on the hot side 
should be in the heated fluid. Two copper wires 
were put into diluted solution of sulphuret of 
potassium (PI. XIII, Fig, B) ; that portion of the 
liquid extending from C to D was heated, but 
the part between D and E remained cold. 
Whilst both ends of the wires were in the cold 
fluid, as in the figure, there were irregular move- 
ments of the galvanometer, small in degree, 
leaving the B wire positive. Moving the wires 
about, but retaining them as in the figure, 
made no difference; but on raising the wire in 
A, so that its termination should be in the hot 
fluid between C and D, then it became positive 
and continued so. On lowering the end into the 
cold part, the former state recurred; on raising 
it into the hot part, the wire again became pos- 
itive. The same is the case with two silver 
wires in dilute nitric acid; and though it ap- 
pears very curious that the current should in- 
crease in strength as the extent of bad conduc- 
tor increases, yet such is often the case under 
these circumstances. There can be no reason to 
doubt that the part of the wire which is in the 
hot fluid at the A side is at all times equally 
positive or nearly so; but at one time the whole 
of the current it pr^uces is passing through 
the entire circuit by the wire in B, and at an- 
other, a part, or the whole, of it is circulating 
to the cold end of its own wire, only by the 
fluid m tube A. 

« UfwmMe, 1837, VII, 888. 


1929. Cleaning the wbreB, That this should be 
carefully done has been already mentioned 
(1881) ; but it is especially necessary to attend 
to the very extremities of the wires, for if these 
circular spaces, which occur in the most effec- 
tive part of the circle, be left covered with the 
body produced on them in a preceding trial, 
an experimental result will often be very much 
deranged, or even entirely falsified. 

1930. Thus the best mode of experimenting 
(1915) is to heat the liquid in the limb A or B 
(PI. XIII, Fig. £), first; and, having the wires 
well cleaned and connected, to plunge both in 
at once, and, retaining the end of the heated 
wire in the hot part of the fluid, to keep both 
wires in motion, and observe, especially, the 
first effects: then to take out the wires, reclean 
them, change them side for side and repeat the 
experiment, doing this so often as to obtain 
from the several results a decided and satis- 
factory conclusion. 

1931. It next becomes necessary to ascertain 
whether any true thermo current can be pro- 
duced by electrolytes and metals, which can 
interfere with any electro-chemical effects de- 
pendent upon the action of heat. For this pur- 
pose different combinations of electrolytes and 
metals not acted on chemically by them, were 
tried, with the following results. 

1932. Platinum and a very strong solution of 
potassa gave, as the result of many experiment)^ 
the hot platinum positive across the electro- 
lyte to the cold platinum, producing a current 
that could deflect the galvanometer needle about 
5®, when the temperatures at the two junctures 
were 60® and 240®. Gold and the same solution 
gave a similar result. Silver and a moderately 
strong solution, of specific gravity 1070, like 
that used in the ensuing experiments (1948) 
gave the hot silver positive, but now the de- 
flection was scarcely sensible, and not more 
than 1®. Iron was tried in the same solution, 
and there was a constant current and deflec- 
tion of 50® or more, but there was also chemi- 
cal action (1948). 

1933. 1 then used solution of the sulphuret of 
potassium (1812). As already said, hot plati- 
num is negative in it to the cold metal (1921); 
but I do not think the action was thermo-deo- 
tric. Palladium with a weaker solution gave no 
indication of a current. 

1934. Employing dilute nitric add, oondst** 
ing of one volume strong acid and fifty volume 
water, platinum gave no certain mdioation: 
the hot metal was sometimes in the least de* 
gree positive, and at others an equally small 
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<MepEee Gold in ibeaameaddfaTn a 

aea^y B^isible result; tiietiot metal vasnc^- 
ative* PaJUadium was as gold. 

1935. With dilute suli^uric acid, condsting 

one by wdght of oil of vitriol and eighty of 

water, neither platinum nor gold produced any 
SMisible current to my gidvanometer by the 
mere action of heat. 

1936. MwriaJtk acid and platinum being con- 
joined, and heated as before, the hot platinum 
was very slightly negative in strong acid: in 
dilute acid there was no sensible current. 

1937. Strong nitric acid at first seemed to 
give decided results. Platinum and pure strong 
nitric acid being heated at one of the junctions, 
the hot platinum became constantly negative 
across the electrolyte to the cold metal, the de- 
flection being about 2*^. When a yellow add 
wa^used, the deflection was greater; and when 
a very orange-coloured acid was employed, the 
galvanometer needle stood at 70^, the hot plat- 
inum being still negative. This effect, however, 
is not a pure thermo current, but a peculiar re- 
sult due to the presence of nitrous acid (1848). 
It disappears almost entirely when a dilute acid 
is used (1934) ; and what effect does remain in- 
dicates that the hot metal is negative to the cold. 

1938. Thus the potach solution seems to be 
the fluid giving the most probable indications 
of a thermo current. Yet there the deflection is 
only 5^, though the fluid, being very strong, is 
a good conductor (1819). When the fluid was 
diluted, and of specific gravity 1070, like that 
before used (1932), the effect was only 1^, and 
cannot therefore confounded with the re- 
sults I have to quote. 

1939. The dilute svlphvric (1935) and nitric 
adds used (1934> gave only doubtful indica- 
tions in some cases of a thermo current. On 
trial it was found that the thermo current of an 
antimony-bismuth pair could not pass these 
sdutions, as arrant in these and other ex- 
pmments (1949, 1950) ; that, therefore, if the 
iittie current obtained in the experiment be of 
a tiiermo-electric nature, this combination of 
platinum and add is far more powerful than 
flhe. antimony-bismuth pair of Seebeok; and 
yetihat (with the interposed add) it is scarcely 
ecndble by this deficit galvanometer. Fur- 
ther, when there is a. current, the hot metal is 
generally n^ative to the cold, and it is there- 
foiie impossible to confound these results with 
tboae to be described wherci the current has a 

' :»]|i494p» Ia strong nitrie add, again, the hot 
jMtal » negative. ^ 


. 194L If, eAer;I;showthat heat to 
metals in acids or dectrdytes which con odoa 
them produces considerable currents, it be then 
said &at though the metals which are inactive 
in the acids produce no thermo cunents, those 
which, like copper, silver, &c., act chemically, 
may; then, 1 say, that such would be a mere 
supposition, and a supposition at variance 
with what we know, of thermo-electricity; for 
amongst the sdid conductors, metallic or non- 
metallic (1867), there are none, 1 believe, which 
are able to produce thermo currents with some 
of the metals, and not with others. Further, 
these metals^ copper, silver, &c., do not always 
show effects wnich can be mistaken or pate for 
thermo-electric, for silver in hot dilute mtric 
acid is scarcely different from silver in the lame 
acid cold (1950) ; and in other cases, agam|: the 
hot metals become negative instead of positive 
(1953). 

Cases of One Metal and One Electrolyte; One 
Junction Being Healed 

1942. The cases I have to adduce are far too 
numerous to be given in detail; I will therefore 
describe one or two, and sum up the rest as 
briefly as possible. 

1943. Iron in diluted sulphv/ret of potassium* 
The hot iron is well positive to the cold metal. 
The negative and cold wire continues quite 
clean, but from the hot iron a dark sulpburet 
separates which becoming diffused through the 
solution discolours it. When the cold iron is 
taken out, washed and wiped, it leaves the 
cloth clean; but that which has been heated 
leaves a black sulphuret upon the cloth when 
similariy treated. 

1944. Copper and the sulphuretted solulion. 
The hot copper is well positive to the cold on 
the first immersion, but the effect quickly falls, 
from the general causes already referred to 
(1918). 

1945. Tin and sohUion of potassa* The hot 
tin is strongly and constantly positive to the 
cold. 

1946. Iron and dilute sulphuric acid (1935). 
The hot iron was constantiy positive to tl^ 
cold, 60^ or more* Iron and diluted nitrie acid 
gave even a still more striking result. 

I must now numerate merdy, not that the 
cases to be mentioned are less (leoided tiian 
those already g^y^n, but to economise time. 

1947. Dilute solution of yellow oulphur^ ^ 
|K^tamum,consi)riingQfonevoluxn6o£thestr0i^ 
solution (1812), and eighteen volnmasnf wet^* 
XroQi silver^ copper« with this scflutioDi 
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gava good foatdtis. The kit ixietaliivggposttiva 
totheodd. 

1^. DUvte solutiim of cattstic patasm (1032). 
Iron, copper, tin, zinc, and cadmium gave strik- 
ing results in this electrolyte. The hot metal 
was always positive to the cold. Lead produced 
the same effect, but there was a momentary 
jerk at the galvanometer at the instant of im- 
mersion, as if the hot lead was negative at that 
moment. In the case of iron it was necessary to 
continue the application of heat, and then the 
formation of oxide at it could easily be ob- 
served; the alkali gradually became turbid, for 
the protoxide first formed was dissolved, and 
becoming peroxide by degrees, was deposited, 
and rendered the liquid dull and yellow. 

1949. Dilute sulphuric add (1935). Iron, tin, 
lead, and zinc, in this electrolyte, showed the 
power of heat to produce a curreiit by exalting 
the chemical affinity, for the hot side was in 
each case positive. 

1950. Dilute nitric add is remarkable for pre- 
senting only one case of a metal hot and cold 
exhibiting a striking difference, and that metal 
is iron. With silver, copper, and zinc, the hot 
side is at the first moment positive to the cold, 
but only in the smallest degree. 

1951. Strong nitric add. Hot iron is positive 
to cold. Both in the hot and cold add the iron 
is in its peculiar state (1844, 2001). 

1952. DUvte muriatic add: 1 volume strong 
muriatic add, and 29 volumes water. This acid 
was as remarkable for the number of cases it 
supplied as the dilute nitric acid was for the 
contrary (1950). Iron, copper, tin, lead, zinc, 
and cadmium gave active circles with it, the 
hot metal being positive to the cold; all the re- 
sults were very striking in the strength and 
permanency of the electric current produced. 

1953. Several cases occur in which the hot 
metal becomes negative instead of positive, as 
above; and the principal cause of such an effect 
I have already adverted to (1918). Thus with 
the solution of the sidphuret of potassium and 
zinc, on the first immersion of the wires into 
the hot and cold solution there was a pause, 
i*e., the galvanometer needle did not move at 
once, as in the former cases; afterwards a cur- 
rent gradu^y came into existence, rising in 
strength un^ the needle was deflected 70® or 
80®, aie hot metal being mgatm through the 
electrolyte to the cold metal. Cadnmm in the 
same solution gave also the first pause and 
then a eui^nt, the hot metal being negative; 
l>ut the isSeot was very small Leadi hot| was 


negative^ prodkihigate fe^e sttmasiL 
Tin gave the same restdt, but the current was 
scarry sendble. 

1954. In dilute sulphuric add. Copper and 
zinc, after having produced a first positive si* 
feet at the hot metal, had that reversed, and a 
feeble current was produced, the hot metal be- 
ing negative. Cadmium gave the same phe- 
nomena, but stronger (1918). 

1955. In dilute nitric add. Lead produced no 
effect at the first moment; but afterwards an 
electric current, gradually increasing in stcengtb, 
appeared, which was able to deflect the ne^e 

or more, the hot metal being negative. Cad- 
mium gave the same results as le^. Tin gave 
an uncertain result; at first the hot metal ap- 
peared to be a very little negative, it then be- 
came positive, and then again the current di- 
minished, and went down almost entirely. 

1956. 1 cannot but view in these results of 
the action of heat, the strongest proofs of the 
dependence of the electric current in voltaie 
circuits on the chemicid action of the substance 
constituting these circuits : the results perfectly 
accord with the known influence of heat on 
chemical action. On the other hand, 1 cannot 
see how the theory of contact can take cogni- 
zance of them, except by adding new assumi^ 
tions to those already composing it (1874). 
How, for instance, can it explain the powcriul 
effects of iron in sulphuret of potassium, or in 
potassa, or in dilute nitric acid; or of tin in 
potassa or sulphuric acid; or of iron, copper, 
tin, &c., in muriatic acid; or indeed of any of 
the effects quoted? That they cannot be due to 
thermo contact has been already shown by the 
results with inactive metals (1931, 1941); and 
to these may now be added those of the actiive 
metals, silver and copper in dilute nitric add, 
for heat produces scarcely a sensible effect in 
these cases. It seems to me that no other cauete 
than chemical force (a veiy suffident one) re* 
mains, or is needed to account for them. 

1957. If it be said that, on the theory 
chemical excitem^t, the experiments prove 
either too much or not enough, that, in fa^ 
heat ought to produce the same effect with dl 
the metds that are acted on by the electrolyM 
used, then, I ss^ that that does not follows 
force and other circumstances of chendoal^e^' 
finity vaiy almost infinitely with thebodiai 
hibitingUsetetkm, and the added effect of heat 
upon the diemical affinity wodd, neoeasaifly, 
partake , of these variations. Che^cal action 
often goes on without any euirent bdng pro- 
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duoed; and it is well known that, in almost 
every voltaic circuit, the chemical force has to 
be considered as divided into that which is 
local and that which is current (1120). Now 
heat frequently assists the local action much, 
and, sometimes, without appearing to be ac- 
companied by any great increase in the tnfen- 
sUy of chemical affinity; whilst at other times 
we are sure, from the chemical phenomena, that 
it does affect the intensity of the force. The 
electric current, however, is not determined by 
the amount of action which takes place, but by 
the intensity of the affinities concerned; and so 
cases may easily be produced, in which that 
metal exerting the least amount of action is 
nevertheless the positive metal in a voltaic cir- 
cuit; as with copper in weak nitric acid as- 
sociated with other copper in strong acid (1975) , 
ISr iron or silver in the same weak acid against 
copper in the strong acid (1996). Many of 
those instances where the hot side ultimately 
becomes negative, as of zinc in dilute solution 
of sulphuret of potassium (1953), or cadmium 
and lead in dilute nitric acid (1955), are of this 
nature; and yet the conditions and result are in 
perfect agreement with the chemical theory of 
voltaic excitement (1918). 

1958. The distinction between currents 
founded upon that difference of intensity which 
is due to the difference in force of the chemical 
action which is their exciting cause, is, I think, 
a necessary consequence of the chemical the- 
ory, and in 1834 1 adopted that opinion^ (891, 
908, 916, 988). De la Rive in 1836 gave a still 
more precise enunciation of such a principle,* 
by saying, that the intensity of currents is ex- 
actly proportional to the degree of affinity 
which reigns l)etween the particles, the com- 
l^ation or separation of which produces the 
currents. 

1959. 1 look upon the question of the origin 
of the power in the voltaic battery as abun- 
dantly decided by the experimental results not 
connected with ^e action of heat (1824, Ac.; 
1878, &c.). I further view the results with heat 
as adding very strong confirmatory evidence 
to the chemical theory ; and the numerous ques- 
tions whidi arise as to the varied results pro- 
duced, only tend to tiiow how important the 
voltaic circuit is as a means of investigation 
into the nature and principles of chemical ai- 
finity (1967). This truth has already been most 
atzil^gly illustiated by the researches of De la 
Rive mkie by means of the galvanometer, and 

i^Annal0$ di Chirn^im, LXI, p. 44, 4^ 


the investigations of my friend Professor Dan- 
iell into the real nature of acid and other com- 
pound electrolytes.* 

Cases of Two Metals and One Electrolyte; One 
Junction Being Heated 

1960. Since heat produced such striking re- 
sults with single metals, I thought it probable 
that it might be able to affect the mutual rela- 
tion of the metals in some cases, and even in- 
vert their order: on making circuits with two 
metals and electrolytes, I found the following 
cases. 

1961. In the solution of sulphuret of potas- 
siuniy hot tin is well positive to cold silvp: cold 
tin is very slightly positive to hot silver, and 
the silver then rapidly tarnishes. \ 

1962. In the solution of potassa^ cold\tin is 
fairly positive to hot lead, but hot tin isynuch 
more positive to cold lead. Also cold cadmium 
is positive to hot lead, but hot cadmium is far 
more positive to cold lead. In these cases, there- 
fore, there are great differences produced by 
heat, but the metals still keep their order. 

1963. In dilute sulphuric addf hot iron is 
well positive to cold tin, but hot tin is still more 
positive to cold iron. Hot iron is a little jiositive 
to cold lead, and hot lead is very positive to 
cold iron. These are cases of the actual inver- 
sion of order; and tin and lead may have their 
states reversed exactly in the same manner. 

1964. In dilute nitric add, tin and iron, and 
iron and lead may have their states reversed, 
whichever is the hot metal being rendered pos- 
itive to the other. If, when the iron is to be 
plunged into the heated side (1930) the acid is 
only moderately warm, it seems at first as if 
the tin would almost overpower the iron, so 
beautifully can the forces be either balanced or 
rendered predominant on either side at pleas- 
ure. Lead is positive to tin in both cases; but 
far more so when hot than when cold. 

1965. These effects show beautifully that, in 
many cases, when two different metals are 
taken, either can be made positive to the other 
at pleasure, by acting on their chemical affini- 
ties; though the contacts of the metals with 
each other (supposed to be an electromotive 
cause) remain erdirely unchanged. They shew 
the effect of heat in reversing or strengthening 
the natural differences of the metals, according 
as its action is made to oppose or combine with 
their natural chemical forces, and thus add 
further confirmation to the mass of evidence 
already adduced. 

> PhUssopMml TransoaioM, 1839, p. 97. 
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1966. There are here, aa in the cases of one 
metalf some instances where the heat renders 
the metal more negative than it would be if 
cold. They occur, principally, in the solution of 
sulphuret of potassium. Thus, with zinc and 
cadmium, or zinc and tin, the coldest metal is 
positive. With lead and tm, the hot tin is a 
little positive, cold tin very positive. With lead 
and zinc, hot zinc is a little positive, cold zinc 
much more so. With silver and lead, the hot 
silver is a little positive to the lead, the cold 
silver is more, and well positive. In these cases 
the current is preceded by a moment of qui- 
escence (1953), during which the chemical ac- 
tion at the hot metal reduces the efficacy of the 
electrolyte against it more than at the cold 
metal, and the latter afterwards shows its ad- 
vantage. 

1967. Before concluding these observations 
on the effects of heat, and in reference to the 
probable utility of the voltaic circuit in in- 
vestigations of the intimate nature of chemical 
affinity (1959), I will describe a result which, if 
confirmed, may lead to very important investi- 
gations. Tin and lead were conjoined and plunged 
into cold dilute sulphuric acid; the tin was pos- 
itive a little. The same acid was heated, and 
the tin and lead, having been perfectly cleaned, 
were reintroduced, then the lead was a little 
positive to the tin. So that a difference of tem- 
perature not limited to one contact, for the two 
electrolytic contacts w’^ere always at the same 
temperature, caused a difference in the rela- 
tion of these metals the one to the other. Tin 
and iron in dilute sulphuric acid appeared to 
give a similar result; i.e., in the cold acid the 
tin was always positive, but with hot acid the 
iron was sometimes positive. The effects were 
but small, and I had not time to enter further 
into the investigation. 

1968. 1 trust it is understood that, in every 
case, the precautions as to very careful cleans- 
ing of the wires, the places of the ends, simul- 
taneous immersion, observation of the first ef- 
fects, &c., were attended to. 

If V. The Exciting Chemical Farce Affected 
hy Dilution 

1969. Another mode of affecting the chem- 
cal aflSnity of these elements of voltaic circuits, 
the metals and adds, and also applicable to the 
cases of such circuits, is to vary the proportion 
of water present. Such variation is known, by 
the simplest chemical experiments, to affect 
very importantly tiie resulting action, and, 


upon the cheimcal theory, it was nature! to 
expect that it would also produce some corre- 
sponding change in the voltaic pile. The effecta 
observed by Avogadro and Oersted in 1823 are 
in accordance with such an expectation, for 
they found that when the same pair of metals 
was plunged in succession into a strong and a 
dilute acid, in certain cases an inversion of the 
current took place.^ In 1828 De la Rive carried 
these and similar cases much further, especially 
in voltaic combinations of copper and iron with 
lead.* In 1827 Becquerel® experimented with 
one metal, copper, plunged at its tw o extremi- 
ties into a solution of the same substance (salt) 
of different strengths; and in 1828 De la Rive^ 
made many such experiments with one metal 
and a fluid in different states of dilution, which 
I think of very great importance. 

1970. The argument derivable from effects 
of this kind appeared to me so strong that I 
worked out the facts to some extent, and think 
the general results wrell worthy of statement. 
Dilution is the circumstance which most gen- 
erally exalts the existing action, but how such 
a circumstance should increase the electromo- 
tive force of mere contact did not seem evident 
to me, without assuming, as before (1874), ex- 
actly those influences at the points of contact 
in the various cases, which the prior results, 
ascertained by experiments, would require. 

1971. The form of apparatus used was the 
bent tube already described (1915) (PI. XIII, 
Fig, 1), The precautions before directed witix 
the wires, tube, &c., were here likewise need- 
ful. But there were others also requisite, conse- 
quent upon the current produced by combina- 
tion of water with acid, an effect which has 
been described long since by Becquerel,* but 
whose influence in the present researches re- 
quires explanation. 

1972. PI. XIII, Figs, 8 and 4 represmit the 
two arrangements of fluids used, the part be- 
low m in the tubes being strong acid, and that 
above diluted. If the fluid was nitric acid and 
the platinum wires as in the figures, drawing 
the end of the wire D upwards above m, or deh 
pressing it from above m downwards, caused 
great changes at the galvanometer; but if they 
were pres^ved quiet at any place, th^ tto 
electro-current ceased, or very nearly so. When- 
ever the current existed it was from the weak 
to the strong acid through the liquid* 

1 ArmaJUs dt CAtmie, 1823. XXII, p. 36L 
1828, XXXVII, p. 234. 

• Ibid,, 1827, XXXV, p. 120. 

« Ibid,, 1828, XXXVII, p. 240, 241. 

• TraiU de VEUcHeiU, li, p. ^ 
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1073. Whm the tube was anituged, as in 
S, with water or dUute add on one side 
only, and the wires were immersed not more 
ttian one third of an inch) the effects were 
l^eatly diminished; and more especially, if, by 
a little motion with a platinum wire, the acids 
had been mixed at m, so that the transition 
frmn weak to strong was graducd instead of 
Sudden. In such cases, even when the wires 
Were moved, horizontally, in the acid, the ef- 
fect was so small as to be scarcely sensible, and 
not likely to be confounded with the chemical 
effects to be described hereafter. Still more 
surely to avoid such interference, an acid mod- 
erately diluted was used instead of water. The 
precaution was taken of empt 3 ring, washing, 
and re-arranging the tubes with fresh acid after 
each experiment, lest any of the metal dis- 
solvedjn .one experiment should interfere with 
{he results of the next. 

1974. I occasionally used the tube with di- 
lute acid on one side only, (PL XIII Fig. 3,) and 
sometimes that with dilute acid on both sides, 
Fig. 4. 1 will call the first No. 1 and the second 
No. 2. 

1975* In illustration of the general results I 
will describe a particular case. Emplo 3 ring tube 
No. 1 with strong and dilute nitric acid,^ and 
two copper wires, the wire in the dilute acid 
was powerfully positive to the one in the strong 
acid at the first moment, and continued so. By 
using tubeNo.2the galvanometer-needle could 
be held stiffly in either direction, simply by 
fflmultaneously raising one wire and depressing 
the other, so that the first shcnid be in weak 
md the second in strong acid; the former was 
always the positive piece of metal. 

^ ^ 1976. On repeating the experiments with the 
substitution of platmum, gold, or even palla- 
diiM for the copper, scarcely a seninble effect 
was produced (1973). 

1077w Strang and dihde nitric acid.^ The fol- 
lOWiugsinglemetals being compared with them- 
selves in these acids, gave most powerful re- 
mits of ^e kind just described with copper 
(1976); ffllver, iron, 1^, tin, cadmium, me. 
The metal in the weaker acid was positive to 
that in the strong* iBilver is very changeaUe, 
and after smne time the current is often sud- 
deffly reversed, the metal in the strong acid be^ 
coming positive: this agmh will change back, 

; metal in the weaker acid returning to its 
pce^ye state. With cadmium, and zhic, 

t The dilute add eonsletod of three ▼ohitiiies of 
' wtapoug nitrio add and two vohtaaea of wator. 


violent action in tiie acid quickly shpervcnes 
and mixes bHI up together. Iron and lead show 
the alternations of state in the tube No. 2 as 
beautifully as copper (1976). 

1978. Strong and diliUe Btdphuric add. I pre- 

pared an acid of 49 by weight, strong oil of 
vitriol, and 9 of water, giving a sulphuric acid 
with two proportions of water, and arranged 
the tube No.l (1974) with this and the strong- 
est acid. But as this degree of dilution produced 
very little effect with the iron, as compared 
with what a much greater dilution effected, I 
adopted the plan of putting strong acid into 
the tube, and theq adding a little water at t|ie 
top at one of the^ides, with the precaution jbf 
stirring and cooling it previous to the expei(^ 
ment (1973). \\ 

1979. With iron, the part of the metal in the 
weaker acid was powerfully positive to that in 
the stronger acid. With copper, the same re- 
sult, as to direction of the current, was pro- 
duced; but the amount of the effect was small. 
With silver, cadmium, and zinc, the difference 
was either very small or unsteady, or nothing; 
so that, in comparison with the former cases, 
the electromotive action of the strong and weak 
acid appeared balanced. With lead and tin, the 
part of the metal in the strong acid was positive 
to that in the weak acid; so that they present 
an effect the reverse of that produced by iron 
or copper. 

1980. Strong and dilute muriatic add. I used 
the strongest pure muriatic acid in tube No. 1, 
and added water on the top of one side for the 
dilute extremity (1973), stirring it a little as 
before. With silver, copper, lead, tin, cadmium, 
and zinc, the metal in the strongest acid was 
positive, and the current in most cases power- 
ful. With iron, the end in the strongest acid 
was first positive: but shortly after the weak 
acid side became positive and continued so. 
With palladium, gold, and platinum, nearly in- 
sensible effects were the results. 

1981. Strong and dilvfe solution qf caustic 
potassa. With iron, copper, lead, tin, cadmium^ 
and zinc, the metal in the strong solution was 
positive: in the case of iron slightly, in the case 
of copper mompoyrerfully, deflecting theneedle 
30'’ or 38^ and in the cases of the other metals 
very stroxi^y . Silvei*, palladium^ gold, and plat- 
inum, gave the merest indications (1073). 

Thus potash and muriatic acid are, in sev^ 
etsi respects, contrasted with nitric and suit** 
phuric acids. As respects muriatic add, how- 
ev^, and periiaps even the potash, it m^y be 
adnntted tistt, even in thdr 
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strong xiitiic and sulphiuic adds, but rather to 
tibiose acids when somewhat diluted (1^85). 

1982. 1 know it may be said in reference to 
the numerous changes with strong and dilute 
acids, that tibe results are the consequence of 
corresponding alterations in the contact force; 
but Ibis is to change about the theory with the 
phenomenaand withchemicalforce(1874, 1956, 
1985, 2006, 2014, 2063); or it may be alleged 
that it is the contact force of the solutions pro- 
duced at the metallic surfaces which, differing, 
causes difference of effect; but this is to put 
the effect before the cause in the order of time. 
If the liberty of shifting the point of efficacy 
from metals to fluids, or from one place to an- 
other, be claimed, it is at all events quite time 
that some definite statement and data respect- 
ing the active points (1808) should be given. 
At present it is difficult to lay hold of the con- 
tact theory by any argument derived from ex- 
periment, because of these uncertainties or vari- 
ations, and it is in that respect in singular con- 
trast with the definite expression as to the place 
of action which the chemical theory supplies. 

1983. All the variations which have been 
given are consistent with the extreme variety 
which chemical action under different circum- 
stances possesses, but, as it still appears to me, 
are utterly incompatible with, what should be, 
the simplicity of mere contact action; further 
they admit of even greater variation, which 
renders the reasons for the one view and against 
the other, still more conclusive. 

1984. Thus if a contact philosopher say that 
it is only the very strongest acids that can ren- 
der the part of the metals in it negative, and 
therefore the effect does not happen with mu- 
riatic acid or potash (1980, 1981), though it 
does with nitric and sulphuric acids (1977, 
1978); then, the following i^ult is an answer 
to such an assumption. Iron in dilute nitric 
addf consisting of one volume of strong acid 
and twenty of water, is positive to iron in 
strong add, or in a mixture of one volume of 
strong acid with one of water, or mth three, or 
even with five volumes of water. Silver also, in 
the weakest of these acids, is positive to silver 
in any of toe other four stotes of it. 

1985. Or if, modifying toe statement u|mn 
these results, it toould be said that diluto^ 
the add at one contact dbfftm tends to give it 
a certain proptniicmle electromotive force, wd 
therefore dikiai^.pneekie more than toe other 
wiU rtilt allow ^ ferae to come into play; 
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toen, how la it tont with muriatic add and 
potassa toe effect of dfidtom is toe reveraeof 
that vdndi has been quoted in toe oases wito 
nitric add and iron or diver (1977, 1984)? Or 
if, to avoid difficuUy, it be assumed that each 
electrol 3 rte must be oonddeied apart, the nitrie 
acid by itself, and the muriatio acid by itself, 
for that one may differ from another in the 
direction of the change induced by dilution, 
then how can the following results wito a single 
acid be accounted for? 

1986. 1 prepared four nitric acids: 

A was very strong pure nitric acid; 

B was one volume of A and one volume of water) 
0 was one volume of A and three volumes of 

water; 

D was one volume of A and twenty volumes of 

water. 

Experimenting wito these acids and a metd, 1 
found that copper in C acid was podtive to 
copper in A or D acid. Nor was it the first adffi- 
tion of water to the strong acid that brought 
about this curious relation, for copper in the B 
acid was positive to copper in the strong acid 
A, but negative to the copper in the weak add 
D: the negative effect of the stronger nitric 
acid with this metal does not therefore depend 
upon a very high degiee of concentration. 

1987. Lead presents the same beautiful phe- 
nomena. In the C acid it is positive to lead 
either in A or D acid: in B acid it is positive to 
lead in the strongest, and negative to lead in 
the weakest acid. 

1988. 1 prepared also three sulphuric adds: 

E was strong oil of vitriol; 

F one volume of E and two volumes of water; 

G one volume of E and twenty volumes of water. 

Lead in F was well negative to lead either in JS 
or G. Copper in F was also negative to copper 
in E or G, but in a smaller degree. So here are 
two cases in which metals in an acid of a cer- 
tain strength are negative to the same metab in 
the same acid, either stronger or weaker^ I 
used platinum wires ultimately in all these 
cases wito the same adds to check the inters 
ference of toe combinatioD of acid and water 
(1973); but toe results were then almost noth* 
ing, and showed that the phenomena could not 
be BO accounted for. v 

1989. To tmier this complexity for toe ooh^ 
tact theory still more cOniplicated, we wit 
furtoer variations, in which, with toe shine 
add strong and diluted, some metals are posi- 
tive in toe strong acid and otomi in toe weak. 
Thus, tin to the strongest sulphuric add S 
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(108S) waa pomitive to tin m tiie moderate or 
iireak ac^s F and G; and tin in the mod-^ 
erate acid F was positive to the same metal in 
6. linn, on the contrary, being in the strong 
acid' E was ne^tive to the weaker acids F and 
G; and iron in the medium acid F was negative 
to the same metal in G. 

1990. For the purpose of understanding more 
distinctly what the contact theory has to do 
here, I will illustrate the case by a diagram. 
Let PL XIII, Fig, 5 represent a circle of metal 
and sulphuric acid. If A be an arc of iron or 
copper, and B C strong oil of vitriol, there will 
be no determinate current: or if B C be weak 
acid, there will be no such current: but let it be 
strong acid at B, and diluted at C, and an elec- 
tric current will run round A C B. If the metal 
A be silver, it is equally indifferent with the 

/Strong and also with the weak acid, as iron has 
been found to be as to the production of a cur- 
rent; but, besides that, it is indifferent with the 
strong acid at B and the weak acid at C. Now 
if the dilution of the electrolyte at one part, as 
C, had so far increased the contact electromo- 
tive force there, when iron or copper was pres- 
ent, as to produce the current found by experi- 
ment; surely it ought (consistently with any 
reasonable limitations of the assumptions in 
the contact theory) to have produced the same 
effect with silver: but there was none. Making 
the metal A lead or tin, the difficulty becomes 
far greater; for though with the strong or the 
weak acid alone any effect of a determinate 
current is nothing, yet one occurs upon dilu- 
tion at C, but now dilution must be supposed 
to weaken instead of etrengOven the contact 
force, for the current is in the reverse direction. 

1991. Neither can these successive changes 
be referred to a gradual progression in the ef- 
fect of dilution, dependent upon the order of 
Hie mektle. For supposing dilution more favour- 
able to the electromotive force of the contact 
of an acid and a metal, in proportum as the 
metals were in a certain order, as for instance 
that of their efficacy in the voltaic battery; 
tiiough such an assumption might seem to ac- 
count for the gradual diminution of effect from 
iron to copper, and from copper to silver, one 
wmdd not expect tiie reverse effects, or those 
on tile other side of sero, to appear by a return 
back to such metals as lead and tin (1979, 
1989), but rather look for them in platinum or 
gold, which, however, produce no results of the 
Jdnd (1976, 1988). To mcrease still further this 
eemptexity, it appears, from what has been be- 
ioi^etatsd, that on chasing tiiesK^t^^ 
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der must again be changed (1981) ; nay, more, 
that with the same acid, and merdy by chang- 
ing the proportion of dilution, such alteration 
of the order must take place (1986, 1988). 

1992. Thus it appears, as before remarked 
(1982), that to apply the theory of contact 
dectromotive force to the facts, that theory 
must twist and bend about with every varia- 
tion of chemical action; and aft^ all, with 
every variety of contact, active and inactive, 
in no case presents phenomena independent of 
the active exertion of chemical force. 

1993. As the influence of dilution and con- 
centration was so strong in affecting the r^a- 
tion of different parts of the same metal td an 
acid, making one part either positive or nega- 
tive to another, I thought it probable that, py 
mere variation in the strength of the int^- 
posed electrolyte, the order of metals when in 
acids or other solutions of uniform strength, 
might be changed. I therefore proceeded to ex- 
periment on that point, by combining together 
two metals, tin and lead, through the galva- 
nometer (1915) ; arranging the electrolytic solu- 
tion in tube No. 1, strong on one side and weak 
on the other: immersing the wires simultane- 
ously, tin into the strong, and lead into the 
weak solution, and after observing the effect, 
re-cleaning the wires, re-arranging the fluid, 
and re-immersing the wires, the tin into the 
weak, and the lead into the strong portion. De 
la Hive has already stated^ that inversions take 
place when dilute and strong sulphuric acid is 
used; these I could not obtain when care was 
taken to avoid the effect of the investing fluid 
(1918) : the general statement is correct, how- 
ever, when applied to another acid, and I think 
the evidence very important to the considera- 
tion of the great question of contact or chemi- 
cal action. 

1994. Two metals in strong and weak solviion 
of potash. Zinc was positive to tin, cadmium, 
or lead, whether in the weak or strong solution. 
Tin was positive to cadmium, either in weak or 
strong alkali. Cadmium was positive to lead 
both ways, but most when in the strong alkali. 
Thus, though there were differences in degree 
dependent on the strength of the solution, there 
was no inversion of the order of the metois. 

1995. Two metals in strong andweak stdphurk 
add. Cadmium was positive to iron and tin 
both ways: tin was also positive to iron, cop- 
per, and silver; and iron was positive to copper 
and rilver, whichever side the respective met* 
als were in. Thus none of tto metals tried 

lAnndUsdeiMniU, 1828, XXXVH, p. 9NM). 
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could bemftde to paas the others, and so take a 
diffearent order from that which they have in 
add unifonn in strength. Still there were great 
variations in degree; thus iron in strong acid was 
only a little positive to silver in weak acid, but 
iron in weak acid was very positive to silver in 
strong acid. Generally the metal, usually called 
positive, was most positive in the weak add; 
but that was not the case with lead, tin, and dnc. 

1096. Two metdU in strong and weak nitric 
acid. Here the degree of change produced by 
difference in the strength of the acid was so 
great, as to cause not merely difference in de- 
gree, but inversions of the order of the metals, 
of the most striking nature. Thus iron and 
silver being in tube No. 2 (1974), whichever 
metal was in the weak add was positive to the 
other in the strong acid. It was merely requisite 
to raise the one and lower the other metal to 
make either positive at pleasure (1975). Cop- 
per in weak acid was positive to silver, lead, or 
tin, in strong acid. Iron in weak acid was posi- 
tive to silver, copper, lead, zinc, or tin, in strong 
acid. Lead in weak acid was positive to copper, 
silver, tin, cadmium, zinc, and iron in strong 
acid. Silver in weak acid was positive to iron, 
lead, copper, and, though slightly, even to tin, 
in strong acid. Tin in weak acid was positive to 
copper, lead, iron, zinc, and silver, and either 
neutral or a little positive to cadmium in strong 
acid. Cadmium in weak acid is very positive, 
as might be expected, to silver, copper, lead, 
iron, and tin, and, moderately so, to zinc in the 
strong acid. When cadmium is in the strong 
acid it is slightly positive to silver, copper, and 
iron, in weak acid. Zinc in weak acid is very 
positive to silver, copper, lead, iron, tin, and 
cadmium in strong acid: when in the strong 
acid it is a little positive to silver and copper in 
weak acid. 

1997. Thus wonderful changes occur amongst 
the metals in circuits containing this acid, mm^y 
by the effect of dilution; so that of thefivemet^ 
als, silver, copper, iron, lead, and tin, any one 
of them can be made either positive or nega- 
tive to any other, with the exception of silver 
positive to copper. The order of these five 
metals only may therefore be varied about one 
hundred different ways in the same acid, merely 
by the effect of dilution. 

1998. So also zinc, tin, cadmium, and lead; 
and likewise zinc, tin, iron, and lead, bcang 
groups each of four metals; any one of these 
metals may be made either positive or negative 
to any other metal of &e same group^ by dilu- 
tion of this acid. 


STS 

1999. But the case of variation by dilution 
may, as regards the opposed theories, be made 
even still stronger than any yet stated; for the 
same metals in the same acid of the same strength 
ai the two sides may be made to change tl^ir 
order, as the chemical action of the acid on 
each particular metal is affected, by dilution, 
in a smaller or greater degree. 

2000. A voltaic association of iron and silver 
was dipped, both metals at once, into the same 
strong nitric acid ; for the first instant, the iron 
was positive; the moment after, the silver be^ 
came poritive, and continued so. A similar as- 
sociation of iron and silver was put into weak 
nitric acid, and the iron was immediately posi- 
tive, and continued so. With iron and copper 
the same results were obtained. 

2001. These, therefore, are finally cases of 
such an inversion (1999) ; but as the iron in the 
strong nitric acid acquires a state the moment 
after its immersion, which is probably not as- 
sumed by it in the weak acid (1843, 1951, 
2033), and as the action on the iron in its or- 
dinary state may be said to be, to render it 
positive to the silver or copper, both in the 
strong or weak acid, we will not endeavour to 
force the fact, but look to other metals. 

2002. Silver and nickel being associated in 
weak nitric acid, the nickel was positive; being 
associated in strong nitric acid, the niclml was 
still positive at the first moment, but the silver 
was finally positive. The nickel lost its supe- 
riority through the influence of an investing 
film (1918) ; and though the effect might easily 
pass unobserved, the case cannot be flowed to 
stand, as fulfilling the statement made (1999). 

2003. Copper and nickfl were put into strong 
nitric acid; the copper was positive from the 
first moment. Copper and nickel being in dilute 
nitric acid, the nickel was slightly but clearly 
positive to the copper. Again, zinc and cadmium 
in strong nitric add ; the cadmium was positive 
strongly to the zinc; the same metals bdng in 
dilute nitric acid, the zinc was very positive to 
the cadmium. These 1 consider beautiful and 
unexceptionable cases (1999). 

2004. Thus the nitric acid furnishes a most 
wond^ful variety of ^cts when used as the 
dectrolytic conductor in voltaic circles; and its 
difference from sulphuric acid (1995) or from 
potassa (1994) in the phenomena consequent 
upon dilution, tend, in conjunction witih nmiiy 
pieoedhig facts and arguments, to riiow tixat 
tiie eteotounotiva force in a dicle is not tibe 
consequence of any power in bocties 0eiimily, 
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b4al^l^; to itl«m in daMm islfnir tiira «» m- 
dividualfi/ wd having that simplicity of char* 
acH^r whldi contact force has b^n assnmed to 
have;^ but one that has ail the variations which 
dbehdeal force is kmtm to exhibit. 

2005. 'Die changes occurring where any one 
of foitr or five metds> differing from each other 
aa far as silver and tin, can be made positive or 
nai^tive to the others (1997, 1998), appears to 
me to shut out the probability that the con- 
tact of these metals with each other can pro- 
<faice the smallest portion of the effect in these 
voltaic arrangements; and then, if not there, 
neither can they be effective in any other ar- 
rangements; so that what has been deduced in 
tiiat respect from former experiments (1829, 
1833) is confirmed by the present. 

2006. Or if the scene be shifted, and it be 
• said^tiiat it is the contact of the acids or solu- 
tions which, by dilution at one side, produce 
these vaiied changes (1874, 1982, 1991, 2014, 
2060), then how vUerly utdike such contact 
must be to that of the numerous class of con- 
ducting solid bodies (1809, 1867) ! And, where, 
to give the assumption any show of support, is 
the case of such contact (apart from chemical 
action) producing such currents? 

2007. That it cannot be an alteration of con- 
tact force by mere dilution at one side (2006) 
is also shown by making such a change, but 
usmg metals that are chemically inactive in 
tite electrolyte employed. Thus when nitric or 
sulphuric adds were diluted at one side, and 
then the strong and the weak parts connected 
by platinum or gold (1976), there was no sen- 
dbto current, or only one so si^ as to be un- 
important. 

.2008. A still stronger proof is afforded by the 
following result. I arranged the tube (PI. XIII, 
1%. B) (1972), with strong solution of yellow 
sidphiuet of potassium (1812) from A to m, 
,md a solution consisting of one volume of the 
strong solution, with six of water from m to B. 

extremifies were then connected by plati- 
num and’ iion in varimis ways; and when the 
first effect of immerdon was guarded against, 
induing the first brief negative state of the 
iron (2049), tiie effects were as follows. Plati- 
num being in A and hi B, that in A, or tiie 
strong sdution, was very sli^tiy positive, cau^ 
ing a permanent defieetion of Iron beii^; in 

Ami in B, tim same residt was obtained. Iron 
Wmg in A .and platinum m B, the ircm was 
ipMtive ab^t to the i^tinum. Platinum 
; Magm Ami iron inB, the{datinum Was now 
tim mm faywboi^ So that not 


onlytheeontactoftheironaiidi^^ 
for nothing, but thecontaet of strong and weah 
solution of this electrolyte with either iron or 
platinum, is ineffectual in produdng a current. 
The current which is constant is very feeble, 
and evidently related to the mutual position of 
the strong and weak solutions, and is probably 
due to their gradual mixture. 

2009. The results obtained by dilution of an 
electrolyte capable of acting on the metals em- 
ployed to form with it a voltaic circuit, may in 
some cases depend on making the acid a better 
electrolyte. It would appear, and would be ex- 
pected from the* chemical theory, that what- 
ever circumstance tends to make the flu^ a 
more powerful chemical agent and a betlker 
electrolyte (the latter being a relation purdy 
chemical and not one of contact) favours f)be 
production of a determinate current. What- 
ever the cause of the effect of dilution may be, 
the results still tend to show how valuable the 
voltaic circle will become as an investigator of 
the nature of chemical affinity (1959). 


if vi. Differences in the Order of the Metallic 
Elements of Voltaic Circles 
2010. Another class of experimental argu- 
ments, bearing upon the great question of the 
origin of force in the voltaic battery, is sup- 
pli^ by a consideration of the different order 
in which the metals appear as electromotors 
when associated with different exciting electro- 
lytes. The metals are usually arranged in a 
certain order; and it has been the habit to say 
that a metal in the list so arranged is negative 
to any one above it, and positive to any one be- 
neath it, as if (and indeed upon the conviction 
that) they possessed a certain direct power one 
with another. But in 1812 Davy showed inver- 
sions of this order in the case of iron and cop- 
per' (943); and in 1828 De la Rive showed 
many inversions in different cases* (1877) ; gave 
a strong contrast in the order of certain metals 
in strong and dilute nitric acid,** and in object- 
ing to Marianini's result most clearly says, 
tiiat any order must be considered in relation 
only to that liquid employed in the experi* 
ments from which the order is derived.^ 

2011. 1 have pursued this subject in rdation 
to several solutions, taking the precautions be- 
fore referred to (1017, Ac.), and find that no 
such single order as that just rderred toeanbe 
maintained. Thais nickd is negative to an- 


Ibid., p. 235 . « IbuL, p. 848 . 
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mod k atrm^s silrio is 

positive to antimony and tomiitii dn <&ttte 
nitric acid; it is positive to antimony and negar 
tive to bismuth in strong muriatic acid; It is 
positive to antimony and bismutii in £lute 
sulphuric acid; it is negative to bismutii and 
antimony in potash; and it is very negative to 
bismuth and antimony, either in ihe colourless 
or the yellow solution of sulphuret of potas- 
sium. 

2012. Ih further illustration of this subject I 
will take ten metals, and give their order in 
seven different solutions. 


1092, 2605, 2063), Imdyet nevi^ 

ease of the production of a curr^t by oontad; 

alone, Le., unaccompanied by chemical action. 

2015. On the other hand, how eimply dees 
the chemical theory of exmtement of the cu^ 
rent represent the factsl as far as we can yet 
follow them they go hand in hand. Without 
chemical action, no current; with the changes 
of chemical action, changes of current; whilst 
the influence of the strongest cases of confoef, 
as of silver and tin (1997) with each other, pass 
for nothing in the result. In further confinnar 
tion, the exciting power does not rise, but fdUs, 


Dilute 

nitric 

add 

Dilute 

Bulphurio 

acid 

Muriatic 

acid 

Strong 

nitric 

acid 

Solution 
of caustic 
potaesa 

Colourless bi- 
hydroBulphuret 
of potassium 

Yellow 

bydrosulphuret 
of potaaexam ' 

1. Silver 

1. Silver 

3. Antimony 

5. Nickel 

1. Silver 

6. Iron 

6. Iron 

2. Copper 

2. Copper 

1. Silver 

1. Silver 

6. Nickel 

5. Nickel 

5. Nickel 

3* Antimony 

3. Antimony 

6. Nickel 

3. Antimony 

2. Copper 

4. Bismuth 

4. Bismutii 

4. Bismuth 

4. Bismuth 

4. Bismuth 

2. Copper 

6. Iron 

8. Lead 

3. Antiinoay 

6. Nickel 

5. Nickel 

2. Copper 

4. Bismuth 

4. Bismuth 

1- Silver 

8. Lead 

6. Iron 

6. Iron 

6. Iron 

6. Iron 

8. Lead 

3. Antimony 

1. Silver 

7. Tin 

8. Lead 

8. Lead 

7. Tin 

3. Antimony 

7. Tin 

7. Tin 

8. Lead 

7. Tin 

7. Tin 

8. Lead 

9. Cadmium 

2. Copper 

9. Cadniittiid 

9. Cadmium 

9. Cadmium 

9. Cadmium 

10. Zinc 

7. Tin 

10. Zinc 

2. Copper , 

10. Zinc 

10. Zinc 

10. Zinc 

9. Cadmium 

10. Zinc 

9. Cadmium 

10. Zinc 


2013. The dilute nitric acid consisted of one 
volume strong acid and seven volumes of water; 
the dilute sulphuric acid, of one volume strong 
acid and thirteen of water; the muriatic acid, 
of one volume strong solution and one volume 
water. The strong nitric acid was pure, and of 
specific gravity 1.48. Both strong and weak 
solution of potassa gave the same order. The 
yellow sulphuret of potassium consisted of one 
volume of strong solution (1812) and five vol- 
umes of water. The metals are numbered in the 
order which they presented in the dilute acids 
(the negative above), for the purpose of show- 
ing, by the comparison of these numbers in the 
otW columns, the striking depmtures there, 
from this, the most generally assumed order. 
Iron is induded, but only in its ordinary state: 
its place in nitric acid being given as that which 
it possesses on its first immerrion, not that 
which it afterwards acquires. 

2014. The displacements appear to be most 

extraordinary, as extraordin^ ^ those con- 
sequent on dilution (2005) ; and thus show that 
there is no general ruling influence of fluid con- 
ductors, or even of acids, alkalies, &e., as dtis- 
tinot classes of such conductors, apart fiom 
their laire chemical relations. But how can the 
contact theory account for these results? To 
meet such ^facts it must be bent about in the 
most extrabrdhiary manner, till the 

contortions of the string facts (l]$74 ^956, 


by the contact of the bodies produced, as the 
chemical actions producing these decay or are 
exhausted; the consequent result being wdl 
seen in the effect of the investing flui(ite pro- 
duced (1918, 1953, 1966). 

2016. Thus, as De la Rive has said, any list 
of metals in their order should be constructed 
in reference to the exciting fluid selected. Fur- 
ther, a zero point should be expressed in the 
series; for as the electromotive power may be 
either at the anode or cathode (2040, 2052), or 
jointly at both, that substance (if there be one) 
which is absolutely without any exciting ac- 
tion should form the zero pomt. The following 
may be given, by way of illustration, as the or- 
der of a few metals, and other sutetances in 
relation to muriatic acid: 

Peroxide of leadt 
Peroxide of manganese^ 

Oxide of iron, 

PlxjmbaoOi 

Rhodium, 

Platinum, 

Gold, 

Antinumy, 

Silver, \ . 

CJOPPM, ' , 

Zinc: ‘ 

in vliidi {dumbago is i^e QSutral sdMiwDne;^ 
in are active .at the and 

tibose in Bomaniduuiaeteis at. anode;. Tlie. 




m FARADAY Sebiss XVII 


upper M 01 oourse negative to the lower* To 
ii^eauch lists as complete as they will shmtiy 
require to be, numbers expressive of the rela* 
ti ve exciting force, counting from the zero point, 
should be attach^ to each substance. 

T vii. Active Voltaic Circles and Batteries 
wUhouJt Metallic Contact 

2017. There are cases in abundance of elec- 
tric currents produced by pure chemical ac- 
tion, but not one undoubt^ instance of the 
production of a current by pure contact. As 1 
conceive the great question must now be settled 
by the weight of evidence, rather than by sim- 
ple philosophic conclusions (1799), I propose 
adding a few observations and facts to show 
the number of these cases, and their force. In 
the Eighth Series of these Researches^ (April, 
18d4) I gave the first experiment, that 1 am 
aware of, in which chemical action was made 
to produce an electric current and chemical de- 
composition at a distance, in a simple circuit, 
without any contact of metals (880, &c.). It 
was further shown, that when a pair of zinc 
and platinum plates were excited at one end of 
the dilute nitrosulphuric acid (880), or solu- 
tion of potash (884), or even in some cases a 
solution of common salt (885), decompositions 
i Phdheophical TranaacHona, 1834, p. 426. 


2020. 

Iron 

Dilute nitric acid 

Platinum 

Iron 

Dilute nitric acid 

Platinum 

Iron 

Dilute nitric acid 

Platinum 

Iron 

Dilute nitric acid 

Platinum 

Iron 

Dilute nitric acid 

Platinum 

Iron 

Dilute sulphuric acid 

Platinum 

Ir<»i 

Dilute sulphuric acid 

Platinum 

Iron 

Muriatic acid 

Platinum 

Iron 

Dilute muriatic acid 

Platinum 

Iron 

Dilute miiriatic acid 

Platinum 

Iron 

Solution of salt 

Platinum 

Iron 

Common water 

Platinum 

Zino 

Dilute nitric acid 

Platinum 

Zinc 

Muriatic acid 

Platinum 

CadnuTim 

Dilute nitric add 

Platinum 

Cadmium 

Muriatic add 

Platinum 

Lead 

Dilute nitric add 

Platinum 

Lead 

Muriatic acid 

Platinum 

Copper 

Dilute nitric add 

Platinum 

Copper 

Muriatic acid 

Platinum 

Lead 

Strong sulphuric add 

Iron 

Tin 

Strong sulphuric acid 

Iron 

Copper 

Sulphuret of potassium 

Iron 

Copper 

Sulphuret of potassium 

Iron 

Copper 

Strong nitric add 

Iron 

Copper 

Strong nitric acid 

Iron 

. i^fiver , ^ 

Strong nitric add 

Iron 

Silver 

Strong nitric add 

Iron 

. iSaver 

Sulphuret of potassium 

Iron 


Strong sylplnirioasid 

Copptt 


might be pi^uced at the other end, of fKAa- 
tiozis ol iodide of potassium (900), protochlo- 
nde of tin (901), sulphate of soda, muriatic 
acid, and nitrate of silver (906) ; or of the follow- 
ing bodies in a state of fusion; nitre, chlorides 
of silver and lead, and iodide of lead (902, 906) ; 
no metallic contact being allowed in any of the 
experiments. 

2018. I will proceed to mention new cases; 

and first, those already referred to, where the 
action of a little dilute acid produced a current 
passing through the solution of the sulphuret 
of potassium (1831), or green nitrous acid (1844), 
or the solution of potassa (1854); for herd no 
metallic contact was allowed, and chemical ac- 
tion was the evident and only cause of the ^r- 
rents produced. ' 

2019. The following is a table of cases of sim- 
ilar excitement and voltaic action, produced 
by chemical action without metallic contact. 
Each horizontal line contains the four sub- 
stances forming a circuit, and they are so ar- 
ranged as to give the direction of the current, 
which was in all cases from left to right through 
the bodies as they now stand. All the com- 
binations set down were able to effect decom- 
position, and they are but a few of those 
which occurred in the course of the investiga- 
tion. 


Sulph. of potassium (1812) 

Full current 

Bed nitric acid 

Full current 

Pale nitric acid, strong 

Good 

Green nitrous acid 

Very powerful 

Iodide of potassium 

Full current 

Sulphuret of potassium 

Full 

Red nitric acid 

Good 

Green nitrous acid 

Most powerful 

Red nitric acid 

Good 

Sulphuret of potasdum 

Good 

Orron nitrous add 

Most powerful 

Green nitrous acid 

Good 

Iodide of potassium 

Good 

Iodide of potassium 

Good 

Iodide of potassium 

Good 

Iodide of potassium 

Good 

Iodide of potassium 

Good 

Iodide of potassium 

Iodide of potassium 

Iodide of potassium 

Good 

Dilute Bu^huric add 

Strong 

Dilute sulphuric add 

Strong 

Dilute nitric add 

Iodide of potassium 

Poweriul 

Dilute nitric add 

Iodide of potassium 

Very powerful 

Dilute nitric add 

Strong 

Iodide of potassium 

Good 

Dilute nitric add 
Diluteeuli^urie add 

Strong 
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2021. It appears to me probable that any acid (1979, &e.). Such an arrangement wH 


one of tile very numerous combinations whidh 
can be made out of the following table, by 
taking one substance from each column and 
arranging them in the order in which the col- 
umns stand, would produce a current without 
metallic contact, and that some of these cur- 
rents would be very powerful. 


Rhodium 


Dilute nitric acid 

Gold 

i& 

, Dilute sulphuric acid 

Platinum 


Muriatic acid 

Palladium 

L-S Iron 

Solution of vegetable acids 

Silver 


Iodide of potassium 

Nickel 

a-t 

Iodide of zinc 

Copper 

1 CQ 

rSolution of salt 

Lead 

ilL 

Many metallic solutions 

Tin 


Zinc 



Cadmium 




2022. To these cases must be added the many 
in which one metal in a uniform acid gave cur- 
rents when one side was heated (1942, &c.). 
Also those in which one metal with an acid 
strong and diluted gave a current (1977, &c.). 

20^. In the cases where by dilution of the 
acid one metal can be made either positive or 
negative to another (1996, &c.), one half of the 
results should be added to the above, except 
that they are too strong; for instead of proving 
that chemical action can produce a current 
without contact, they go to the extent of show- 
ing a total disregard of it, and production of 
the current against the force of contact, as 
easily as with it. 

2024. That it is easy to construct batteries 
without metallic contact was shown Sir 
Humphry Davy in 1801, ‘ when he described 
various ^ective arrangements including only 
one metal . At a later period Zamboni constructed 
a pile m which but one metal and one fluid was 
used,® the only difference being extent of con- 
tact at the two surfaces. The following forms, 
which are dependent upon the mere ^ect of 
dilution, may be added to these. 

2026. Let a 6, a 6, a 6 (PL XIII, Fig. 0), repre- 
sent tubes or other vessels, the parts at a c(m- 
taining strong nitric or sulphuric acid, and the 
parts at b dilute acid of the same kind; then 
connect these by wires, rods, or plates of one 
metal only, being copper, iron, silver, tin, lead, 
or any of those metals which become p<Mitive 
and negative by diff^ence of dilution m the 

^ PhUoBophieal TranBaetionat 1801 » p. 397. Also 
J^umaU of. like Rayal ItutUuUim, 1802, p. 61; and 
Jovrim. 8vo, 1802, VoL L p* 144. 

'Quarterly Jimmial of jSetsnce, VIIi, 177; or An- 
naUa de Chimie, XI, 190, (1819>. 


give an effective battery. 

2026. If the acid used be the sulphuric, and 
the metal employed be iron, the current pro- 
ducedwillbeinonedireetion,thus, 4— throng 
the part figured; but if the metal be tin, the re- 
sulting current will be in the contrary direc- 
tion, thus — 

2027. Strong and weak solutions of potassa 
bdbg employ^ in the tubes, then the single 
metals zinc, lead, copper, tin, and cadmium 
(1981), will produce a similar battery. 

2028. If the arrangements be as in PL XIII, 
Fig. 7, in which the vessels 1, 3, 5, &g. contain 
strong sulphuric acid, and the vessels 2, 4, 6, 
&c. dilute sulphuric acid; and if the metals a, 
a, a, are tin, and &, h, 6, are iron (1979), a bat- 
tery electric current will be produced in the 
direction of the arrow. If the metals be changed 
for each other, the acids remaining; or the 
acids be changed, the metals remaining; the 
direction of the current will be reversed. 

% viii. Consideratioria of the Sufficiency of 
Chemical Action 

2029. Thus there is no want of cases in which 
chemical action alone produces voltaic currents 
(2017) ; and if we proceed to look more closely 
to the correspondence which ought to exist be- 
tween the chemical action and the current pro- 
duced, we find that the further we trace it the 
more exact it becomes; in illustration of which 
the following cases will suffice. 

2030. Chemical action does evolve electricity. 
This has been abundantly proved by Becquerd 
and De la Rive. BecquereLs beautiful voltaic 
arrangment of acid and alkali ’ is a most satisr 
factory proof that chemical action is abun*^ 
dantly sufficient to produce electric phenom- 
ena. A great number of the results described m 
the present papers prove the same statement. 

2081. Wlme chemical action has been but di^ 
miniskee or ceaeeSy the electric current dirmnU^ 
Of ceases also. The cases of tin (1882, 1884)|. 
lead (1885), bismuth (1895), and cadmium 
(1905), in the solution of sulphuret of potas- 
sium, are excellent instances of the truth of 
this proposition. 

2032. Ifapieoaofgramtinbeputinto stroiig 
nitric add, it will generally exmt no action, in 
oonsequ^ce of the film of oxide whidiis formod 
upon it by the heat employed in the process of 
breakmg it up. Th^ two platinum wiresy oon^ 
nected by a ^vanometer, may be put into tba 

> Aanoles de Chimie, 1827, XXXV, p. 122. Bmth 
Mque UnieerMet 1838; XIV, 129^ ifl; 
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im tlmi i»refieed agaisast tli« 


until 0{ a Buildeii the oc^:^ oeaae 
the ailver will become metantly ooirered wi& 


piece of tin, yet without producing an electric 
oorrent. whilst matters are in this position, 
Ihe tin bescraped under the acid by a glass rod 
nan-^coaducting substance capable of 
bieaking the surface, the acid acts on the metal 
newly esqxised, and produces a current; but 
the acticm ceases in a moment or two from 
the fmnation of oxide of tin and an exhausted 
investing solution (1918), and the current 
eeaees with it. Each scratch upcm the surface 
of the tin reproduces the series of phenomena. 

2033« The case of iron in strong nitric acid, 
which acts and produces a current at the first 
moment (1843, 1951, 2001), but is by that ao- 
tibn deprived of so much of its activity, both 
diemied and electrical, is also a case in point. 

2034. If lead and tin be associated in rnuri^ 
.alic acid, the lead is positive at the first moment 
to the tin. The tin then becomes positive, and 
continues so. This change 1 attribute to the 
eireumstanoe that the chloride of lead formed 
partly invests that metal, and prevents the 
continuance of the action there; but the chlo- 
ride of tin, being far more soluble than that of 
i^, passes more readily into the solution; so 
&at action goes on there, and the metal exhib- 
its a permanent positive state. 

2035. The effect of the investing fluid al- 
ready referred to in the cases of tin (1919) and 
cadmium (1918), some of the results with two 
metals in hot and cold add (1966), and those 
cases where metal in a heated add became neg- 
ative to the same metal in cold acid (1953, <&c.), 
sure of the same kind. The latter can be b^uti^ 
hiHy illustrated by two pieces of lead in dilute 
nitric add: if left ashort time, the needle stands 
TMdy at 0^ but on heating either side, the 
metal iQiere becomes negative 2 ff* or more, and 
eonthmes so as long as the heat is continued. 
Ckk cooling that side and beating the other, 
that piece lead which before was positive 
now becomes negative in turn, and so on for 
any number of times. 

< 2636. When the eh/mical acHtm thankee the 
WFfmf dhcmgee ofao. This is shown by the cases 
of two pieces of the same active metal in the 
same fluid. Thus if two pieces of silver be asso^ 
esated instrong muriatic add, first the one will 
l^pedtiveandtfaentheotfam'; andthechanges 
hi the direWon ot the current will not be slow 
waff byagradual action, but exceedingly sharp 
amd sudikn. Soil sdvm* ami eoppm* be asso- 
Slatsd in a^idutesoltitloii of aulphuret of po* 
the coppetwiil be <^emically active 
will remain diean; 


sulphuret, showing by that the commencement 
of chemical action there, and the needle of the 
galvanometer will jump through 180®. Two 
pieces of silver or of copper in solution of sul- 
phuret of potassium produce tiie same effect. 

2037. If metals be used which are inactive in 
the fluids employed, and the latter undergo no 
change during the time, from other circum- 
stances, as heat, &c. (1838, 1937), then no cur- 
rents, and of course no such alterations in 
direction, are produced. 

2038. mxhemical action occurs no cur- 
rent is produced. This in regard to ordinaky 
solid conductors, is well known to be the caw, 
as with metals and other bodies (1867). It hw 
also been shown to be true when fluid condu^ 
tors (electrol 3 rtes) are used, in every case whei^ 
they exert no chemical action, though such 
different substances as acid, alkalies and sul- 
phurets have been employed (1843, 1853, 1825, 
1829) . These are very striking facts. 

2039. Bui a current mil occur the moment 
chemical action commences. This proportion 
may be well illustrated by the following exper- 
iment. Make an arrangement like that in Fig. 
14 : the two tubes being chaiged with the same 
pure, pale, strong nitric acid, the two platinum 
wires p p being connected by a galvanometer, 
and the wire t, of iron. The apparatus is only 
another form of the simple arrangement (PL 
XIII, Fig. 9,) where, in imitation of a former 
experiment (889), two plates of iron and plat- 
inum are placed parallel, but separated by a 
drop of strong nitric acid at each extremity. 
Whilst in this state no cuiTent is produced in 
either apparatus; but if a drop of water be 
added at 5, Fig.. 9, chemical action commences, 
and a pow^ful current is produced, though 
without metallic or any additional contact. To 
observe this with the apparatus, (PI. XIII, Fig. 
8),adrop of water was put in at b. Atfirst there 
was no chemical action and no electric current, 
thcmgh the water was there, so that contact 
with tiie water did nothing: the water atkd acid 
were moved and mixed together by mcfms of 
the end of the wire t; in a few moments, proper 
chemical acticm came on, the iron evcdving 
nitrous gas at the place of its action, andaitbe 
sametimeaoquiringapositive condition at that 
patt,.and producilQga powerful riectrie current 

2D40. When (he chemical action which 0 i(her 
has or could hme produced a current inane di^ 
rec^ion is rem^ air tmdontf the current ie t^ 
versed (or lindane) . 
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strikiai^y wnSmM the chemical theory of yol^ 
taic excitement, and is illustrated by many 
important facts. Volta in the year 1802,^ 
e^owed that crystallized oxide of manganese 
wae highly ne^tive to zinc and similar metals, 
giving, according to his theory, electricity to 
the zinc at the point of contact. Becquerel 
worked carefully at this subject in 1835,* and 
came to the conclusion, but reservedly ex- 
pressed, that the facts were favourable to the 
theory of contact. In the following year De la 
Rive examined the subject,* and shows, to my 
satisfaction at least, that the peroxide is at the 
time undergoing chemical change and losing 
oxygen, a change perfectly in accordance with 
the direction of the current it produces. 

2042. The peroxide associate with platinum 
in the green nitrous acid originates a current, 
and is negative to the platinum, at the same 
time giving up oxygen and converting the ni- 
trous acid into nitric acid, a change easily 
shown by a common chemical experiment. In 
nitric acid the oxide is negative to platinum, 
but its negative state is much increased if a 
little alcohol be added to the acid, that body 
assisting in the reduction of the oxide. When 
associated with platinum in solution of potash, 
the addition of a little alcohol singularly fa- 
vours the increase of the current for the same 
reason. When the peroxide and platinum are 
associated with solution of sulphuret of potas- 
sium, the peroxide, as might have been ex- 
pected, is strongly negative. 

2043. In 1835 M. Muncke* observed the 
striking power of peroxide of lead to produce 
phenomena like those of the peroxide of man- 
ganese, and these M. de la Rive in 1836 imme- 
diately referred to corresponding chemical 
changes^* M. Schcenbein does not admit this 
inference, and bases his view of ^^currents of 
tendency’’ on the phenomena presented by this 
body and its non-action with nitric acid.* My 
own results confirm those of M. de la Rive, for 
by direct ei^riment I find that the peroxide 
is acted upon by such bodies as nitric acid« 
Potash and pure strong nitric acid boiled on 
peroxide of lead readily dissolved it, forming 
protonitrate of lead^ A dilute nitric acid was 
made and divided into two portions; one was 


testedby a scAtttmof 

and dmwed no signs of lead: the oth^ was 
mingled with a littie peroxide of lead (1S22)^. 
common temperatures, and after an hour fil- 
tered and tested in the same manner , and found 
to contain plenty of lead. 

2044. The peroxide of lead is negative to 
platinum in sdutions of common salt and pot- 
ash, bodies which might be supposed to exeart 
no chemical action on it. But direct experi- 
ments show that they do exert sufficient action 
to produce all the effects. A circumstance in 
further proof that the current in the voltaic 
circuit formed by these bodies is chemical in 
its origin, is the rapid depression in the force of 
the current produced, after the first moment of 
immersion. 

2045. The most powerful arrangement with 
peroxide of lead, platinum, and one fluid, was 
obtained by using a solution of the yellow sul- 
phuret of potassium as the connecting fluid. A 
convenient mode of making such experiments 
was to form the peroxide into a fine soft paste 
with a little distilled water, to cover the lower 
extremity of a platinum plate uniformly with 
this paste, using a glass rod for the purpose, 
and making the coat only thick enough to hide 
the platinum well, then to dry it well, and 
finally, to compare that plate with a clean 
platinum plate in the electrolyte emplo3red. 
Unless the platinum plate were perfectiy cov- 
ered, local electrical currents (1120) took place 
which interfered with the result. In this way, 
the peroxide is easily shown to be negative to 
platinum either in the solution of tlie sulphuret 
of potassium or in nitric acid. Red-lead gave 
the same results in both these fluids. 

2046. But using this sulphuretted solutkm^ 
the same kind of proof in support of the chem- 
ical theory could be obtained from protoxides 
as before from the peroxides. Thus, some pure 
protoxide of lead, obtained from the nitrate by 
heat and fusion, was applied on the platinum 
plate (2045), and found to be strongly negative 
to metallic platinum in the solution of si:d- 
phuret of potassium. White lead applied in the 
same manner was eiso found to acquire the 
same state. Either of these bodies when 
pared with platinum in dilute nitric acid wa^ 
on the contraiy, very positive. 


> Atmait* CMmie, 1802, XJu, 224. 

1838, LX. 16^171. . 

• ibiAi 1830, LXL 40; and BUdiothitim CTnfNr* 

mQ«, 1830, L 102, 158. _ 

* B&tiaMgu* Vnivtr»^i», 1886, 1,. 160. 

1838 XII,22e,8UMwd 


2047. aamo effect is well i^wn w 
acl^ ^ asidiaed ircoi. If a plate qI Isciii be 
oaidiaed by luiet.so as. to i^vean oidds of twk 
aggrogation aiid^oooditioii os to. iba.«Bted .es 
sceipely or not at aU by tbe soluti^ 
tben iftereis lit^ or no ours^j 
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an oxide bemg: as platinum in the solution 
(1840). But if it be oxidized by exposure to air, 
or by bring wetted and dried; or by bring 
moistmied by a little dilute nitric or sulphuric 
arid and then washed, first in solution of am- 
monia or potassa, and afterwards in distilled 
water and dried; or if it be moistened in solu- 
tion of potassa, heated in the air, and then 
washed well in distilled water and dried; such 
iron associated with platinum and put into a 
solution of the sulphuret will produce a power- 
ful current until all the oxide is reduced, the 
iron during the whole time being negative. 

2048. A piece of rusty iron in the same solu- 
tion is powerfully negative. So also is a plati- 
num plate with a coat of protoxide, or peroxide, 
or native carbonate of iron on it (2045). 

2049. This result is one of those effects which 
has to be guarded against in the experiments 
formerly described (1826, 1886). If what ap- 
pears to be a clean plate of iron is put into a 
dilute solution of the sulphuret of potassium, 
it is first negative to platinum, then neutral, 
and at last generally feebly positive; if it be 
put into a strong solution, it is first negative, 
and then becomes neutral, continuing so. It 
cannot be cleansed so perfectly with sand- 
paper, but that when immersed it will be nega- 
tive, but the more recently and well the plate 
has been cleansed, the shorter time does this 
state continue. This effect is due to the instan- 
taneous oxidation of the surface of the iron 
during its momentary exposure to the atmos- 
phere, and the after reduction of this oxide by 
the solution. Nor can this be considered an un- 
natural result to those who consider the char- 


acters of iron. Pure iron in the form of a sponge 
takes fire spontaneously in the air; and a plate 
recently cleansed, if dipped into water, or 
breath^ upon, or only exposed to the atmos- 
phere, produces an instant smell of hydrogen. 
The thin film of oxide which can form during a 
momentary exposure is, therefore, quite enough 


to account for the electric current produced. 

2060. As a further proof of the tiuth of these 
^S^lanations, I placed a plate of iron under the 
a solution of the sulphuret of potas- 

« was then neutnU or 

sulphuret. T1 

If with the plati- 

So ^ the wood TO TO 

te nibbed it did not 


Is ^ the wood so as 
itg^Hact; it <fid not 
cotS®^^ the least 
nega- 


tive current was only a temporary result of the 
coat of oxide which the iron had acquired in 
the air. 

2051. Nickel appears to be subject to the 
same action as iron, though in a much slighter 
degree. All the circumstances were parallel, 
and the proof applied to iron (2050) was ap- 
plied to it also, with the same result. 

2052. So all these phenomena with protox- 
ides and peroxides agree in referring the cur^ 
rent produced to chemical action; not merely 
by riiowing that the current depends upon the 
action, but also that the direction of the current 
depends upon the direction which the chemical 
affinity determines the exciting or electrpmo- 
tive anion to take. And it is I think a most 
striking circumstance that these bodies, wnich 
when they can and do act chemically produce 
currents, have not the least power of the kmd 
when mere contact only is allowed (1869), 
though they are excellent conductors of elec- 
tricity, and can readily carry the currents 
form^ by other and more effectual means. 

2053. With such a mass of evidence for the 
efficacy and sufficiency of chemical action as 
that which has been given (1878, 2052); with 
so many current circuits without metallic con- 
tact (2017) and so many non-current circuits 
with (1867); what reason can there be for re- 
ferring the effect in the joint cases where both 
chemical action and contact occur, to contact, 
or to anything but the chemical force alone? 
Such a reference appears to me most unphilo- 
sophical: it is dismissing a proved and active 
cause to receive in its place one which is merely 
hypothetical. 

% ix. Thermo-electric Evidence 

2054. The phenomena presented by that 
most beautiful discovery of Seebeck, thermo- 
electricity, has occasionally and, also, recently 
been adduced in proof of the electromotive in- 
fluence of contact amongst the metals, and 
such like solid conductors^ (1809, 1867). A very 
brief consideration is, 1 think, sufficient to 
show how little support these phenomena give 
to the theory in question. 

2055. If the contact of metals exert any ex- 
eiting influence in the voltaic circuit, then we 
can hardly doubt that thermo-electric currents 
are due to the some force; i.e., to disturbance, 
by local temperature, of the brianced forces of 
the different contacts in a metallic or similar 

>Bee Fetimer's words. PhUoeophical MagoMinet 
1838, XIII, p. 206. 
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cimut. Those who quote thermo effeets as 
proofs of the effect of contact must, of course, 
admit this opinion. 

2056. Admitting contact force, we may then 
assume that heat either increases or diminishes 
the electromotive force of contact. For if in 
PL XIII, Fig, lOj A be antimony and B bis- 
muth, heat applied at x causes a current to 
pass in the direction of the arrow; if it be as- 
sumed that bismuth in contact with antimony 
tends to become positive and the antimony 
negative, then heat diminishes the effect; but 
if it be supposed that the tendency of bismuth 
is to become negative, and of antimony posi- 
tive, then heat increases the effect. How we 
are to decide which of these two views is the 
one to be adopted, does not seem to me clear; 
for nothing in the thermo-electric phenomena 
alone can settle the point by the galvanom- 
eter. 

2057. If for that purpose we go to the vol- 
taic circuit, there the situation of antimony 
and bismuth varies according as one or another 
fluid conductor is used (2012). Antimony, be- 
ing negative to bismuth with the acids, is posi- 
tive to it with an alkali or sulphuret of potas- 
sium; still we find they come nearly together in 
the midst of the metallic series. In the thermo 
series, on the contrary, their position is at the 
extremes^ being as different or as much opposed 
to each other as they can be. This difference 
was long ago pointed out by Professor Gum- 
ming:^ how is it consistent with the contact 
theory of the voltaic pile? 

2058. Again, if silver and antimony form a 
thermo circle (PI. XIII, Fig, 11), and the 
junction x be heated, the current there is from 
the silver to the antimony. If silver and bis- 
muth form a thermo series (Fig, 1^), and the 
junction x be heated, the current is from the 
bismuth to the silver; and assuming that heat 
increases the force of contact (2056), these re- 
sults will give the direction of contact force 

between these metals, antimonyi silver, and 

hwnidh >silver. But in the voltaic series the 

current is /rom the silver to both the antimony 
and bismuth at their points of contact, when- 
ever dilute sulphuric or nitric acid, or strong 
nitric acid, or solution of potassa (2012) are 
used; so that metallic contact, like that in the 
thermo circle, can at all events have very MMe 
to do here. In the yellow sulphuret of potas- 
sium the current is from both antimony and 
bismuth to the silver at their contacts, a result 
equally inconsistent witii the thermo effect as 

^ Aimafs ofPhaoBaphef, 1828, VI» 177. 


the former. When the colourless bydrosud- 
phuret of potassium is used to complete the 
voltaic circle, the current is from bismuih to 
silver, and from silver to antimony at their 
points of contact; whilst, with strong muriatic 
acid, precisely the reverse direction occurs, for 
it is from silver to bismuth, and from antimony 
to silver at the junctions. 

2059. Again; by the heat series copper gives 
a current to gold; tin and lead give currents to 
copper, rhodium, or gold; zinc gives one to 
antimony, or iron, or even plumbago; and 
bismuth gives one to nickel, cobalt, mercury, 
silver, palladium, gold, platinum, rhodium, 
and plumbago; at the point of cordact between 
the metals: currents which are just Ihe 
reverse of those produced by the same metals, 
when formed into voltaic circuits and excited 
by the ordinary acid solutions (2012). 

2060. These, and a great number of other 
discrepancies, appear by a comparison, accord- 
ing to theory, of thermo contact and voltaic 
contact action, which can only be accounted 
for by assuming a specific effect of the contact 
of water, acids, alkalies, sulphurets, and other 
exciting electrolytes, for each metal; this as- 
sumed contact force being not only unlike 
thermo-metallic contact, in not possessing a 
balanced state in the complete circuit at uni^ 
form temperatures, but, also, having no relation 
to it as to the order of the metals employed. 
So bismuth and antimony, which are far apart 
in thermo-electric order, must have this extra 
character of acid contact very greatly devel- 
oped in an opposite direction as to its result, to 
render them only a feeble voltaic combination 
with each other: and with respect to silver, 
which stands between tin and zinc thermo- 
electrically, not only must the same departure 
be requir^, but how great must the effect of 
this, its incongruous contact, be, to overcome 
so completely as it does, and even powerfully 
reverse the differences which the metals (ac^ 
cording to the contact theory) tend to produce! 

2061. In farther contrast with suc^ an as- 
sumption, it must be remembered that, though 
the series of thermo-electric bodies is diSereut 
from the usual voltaic order (2012), it is per^ 
fectly consistent with itself, Le., that if iron and 
antimony be weak with each other, and bitih 
muth be strong with iron, it will also be strong 
with antimony. Also that if the electric cmrrent 
pass from bismuth to rhodium at the hot 
tion, and also from rhodium to antinmy at 
the hot junction, it will pass far more powesv 
fidly from bismuth to antimony at the heated 
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1/0 ^ at ail i)0iiBiBteiit with this sixn-^ 
pie and true relation, sulphuric acid should not 
be staonglyenergetic with iron ortin and weakly 
so with silver, as it is in the voltaic circuit, 
since these metals are not far apart in the 
thermo series: nor should it be nearly alike to 
^atiniun and gold voltaioally, since they are 
far apart in the thermo series. 

2062. Finally, in the thermo circuit there is 
that relation to heat which shows that for 
ev^ portion of electric force evolved, there is 
a corresponding change in another force, or 
form of force, namely heat, able to account for 
it; this, the united experiments of Seebeck and 
Peltier have shown. But contact force is a force 
which has to produce something from nothing, 
a result of the contact theory which can be 
better stated a little further on (2069, 2071, 

.•2073); 

2063. What evidence then for mere contact 
excitement, derivable from the facts of thermo- 
electricity, remains, since the power must thus 
be referred to the acid or other electrolyte used 
(2060) and made, not only to vaiy uncertainly 
for each metal, but to vary also in direct con- 
formity with the variation of chemical action 
(1874, 1956, 1992, 2006, 2014)? 

^ 2064. The contact theorist seems to consider 
that the advocate of the chemical theory is 
called upon to account for the phenomena of 
thermo-electricity. 1 cannot perceive that See- 
beck’s circle has any relation to the voltaic 
pile, and think that the researches of Becque- 
rel^ are quite sufficient to authorize ^at 
ixmclusion. 

f K. Improbahk N(Xtt4re of the Aernmed Contad 
Fcree 

206& 1 have thus given a certain body of 
ttcperimental evidence and consequent conclu- 
sions, which seem to me fitted to assist in the 
dticidation of the disputed point, in addition 
to tibe statements and arguments of the great 
men who have already advanced their r^ults 
and opinions in favour of the chemi<xil theory 
ofexoitement in the voltaic pile, and against 
that of contact. 1 will conclude by culducing a 
fttri^er argument founded upon the, to me, 
unphilosopfaical nature oi ^ force io which 
^ pfaenoxnena are, by the contact theory, 
nrferred. 

; 2066. It is assum^ by the theory (1802) 

. tbst whm $wo metals (or rather 

jtodieB) touchy the dliAnSar particles act on 
md induce oppoirite states. I do 
de CAMs. 1829, XLI, 865; XLVI, 275. 


not deny this, but on ibe eontmy tiunk that 
in many cases sudian ^ect talm place be- 
tween contiguous particles; as lor instance, 
preparatory to action in common chemical 
phenomena, and also preparatory to that act 
of chemical combination which, in the voltaic 
circuit, causes the current (1738, 1743). 

2067. But the contact Iheory assumes that 
these particles, which have thus by their mu- 
tual action acquired opposite electrical states, 
can discharge these states one to the other, and 
yet remain in the state they were first in, being 
in every point entirely unchanged by what has 
previously taken* place. It assumes also tiat 
the particles, being by their mutual acwn 
rendered plus and minus, can, whilst unwr 
this inductive action, discharge to particles pf 
like matter with themselves and so produceia 
current. 

2068. This is in no respect consistent with 
known actions. If in relation to chemical phe- 
nomena we take two substances, as oxygen 
and hydrogen, we may conceive that two pai> 
tides, one of each, being placed together and 
heat applied, they induce contrary states in 
their opposed surfaces, according, perhaps, to 
the view of Berzelius (1739), and that these 
states becoming more and more exalted end at 
last in a mutual discharge of the forces, the 
particles being ultimately found combined, 
and unable to repeat the effect. Whilst they 
are under induction and before the final action 
comes on, they cannot spontaneously lose that 
state; but by removing the cause of the in- 
crease inductive effect, namely the heat, the 
effect itself can be lowered to its first condi- 
tion. If the acting particles are involved in the 
constitution of an electrolyte, then they can 
produce current force (921, 924) proportionate 
to the amount of chemical force consumed 
( 868 ). 

2069. But the contact theory, which is 
obliged, according to the facts, to admit that 
the acting particles are not changed (1802, 
2067) (for otherwise it would be the chemical 
theory), is constrained to admit also, that the 
force which is able to niake two particles as- 
sume a certain state in respect to each other, 
is unable to make them Tetain that state; and 
so it virtually denies the great principle in nat- 
ural plulosophy, that cause and effect are equal 
(2071). If a particle of platinum by contact 
with a particle of zinc willingly ^ves of its own 
electricity to the zinc, because by its pies* 
enoe t^ids to make the platinum assume ancg- 
ative state, liriiiyehoiddtlmpfurticleof 
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talee deefaridlsr |rom any other of 

mum behind it^ dnoe wsdd only tei^ to 
destroy the very state which the sine has just 
forced it into? Such is not the ease in common 
induction; (and Marianini admits that the ef- 
fect of cont^t may take place through air and 
measurable distances);^ for there a ball ren- 
dered negative by induction, will not take 
deotricity from surrounding bodies, however 
thoroughly we may uninsulate it; and if we 
force electricity into it, it . will, as it were, be 
spumed back again with a power equivalent 
to that of the inducing body. 

2070. Or if it be supposed rather, that the 
zinc particle, by its inductive action, tends to 
make the platinum particle positive, and the 
latter, being in connection with the earth by 
other platinum particles, calls upon them for 
electricity, and so acquires a positive state; 
why should it discharge that state to the zinc, 
the very substance, which, making the plati- 
num assume that condition, ought of course to 
be able to sustain it? Or again, if the zinc tends 
to make the platinum particle positive, why 
should not electricity go to the platinum /rom 
the zinc, which is as much in contact with it as 
its neighbouring platinum particles are? Or if 
the zinc particle in contact with the platinum 
tends to become positive, why does not elec- 
tricity flow to it from the zinc particles behind, 
as wdl as from the platinum?* There is no 
sufficient probable or philosophic cause assigned 
for the assumed action; or reason given why 
one or other of the consequent effects above 
mentioned should not take place: and, as 1 
have again and again said, I do not know of a 
single fact, or case of contact current, on which, 
in the absence of such probable cause, the 
theory can rest. 

2071. The contact theory assumes, in fact, 
that a force which is able to overcome powerful 
resistance, as for instance that of the con- 
ductors good or bad, through which the current 
passes, and that again of the electrolyte action 
where bodies are decomposed by it, can arise 
out of nothing; that, without any change in the 
acting matter or the consumption of any geneiv 
ating force, a cuirmit can be produced which 

_ ^ Afamofia deUa SodeUt Italiana in Modmia, 18$7« 
XXI, 2^, 233, 4c. 

* 1 have spoien, for simpHdty of expresdon, as if 
one Btotall were active and the o&er pawvein hrina* 
mg about thepn induced states., and not, as tiie theory 
implies, ^ if each were mutu^y subject to the other. 
But this makes no difference in the force of the argu^ 
meat; udiilat ad endeav^ to state fully dm ioint 
chtpigea on both sidea would rethar haye obswred 
the ohIeetioiiB Which arise and wMeh yet ate equally 
strong in aitJier view. ' v sV 
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ancd/or only be stepped ^ the ybhaie 
tFou^^, by the ruins which its exertion hae 
heai^ up in its own course. This would indeed 
be a creation of power, and is like no other force 
in nature. We have many processes by which 
the form of the power may be so changed that 
an apparent cont;srsion of one into another 
takes place. So we can change chemical force 
into the electric current, or the current into 
chemical force. The beautiful experiments of 
Seebeck and Peltier show the convertibility of 
heat and electricity; and others by Oersted and 
mysdf show the convertibility of electricity 
and magnetism. But in no cases, not even 
those of the gymnotus and torpedo (1790), is 
there a pure creation of force; a production of 
power without a corresponding exhaustion of 
something to supply it.* 

2072. It should ever be remembered that the 
chemical theory sets out with a power the'ex- 
istence of which is pre-proved, and then fol- 
lows its variations, rarely assuming anything 
which is not supported by some corresponding 
simple chemical fact. The contact theory sets 
out with an assumption, to wliich it adds others 
as the cases require, until at last the contact 
force, instead of being the firm unchangeable 
thing at first supposed by Volta, is as variable 
as chemical force itself. 

2073. Were it otherwise than it is, and were 
the contact theory true, then, as it appears to 
me, the equality of cause and effect must be 
denied (2069). Then would the perpetual mo- 

* iNotCi March 29, 1340). 1 regret thgt 1 was not 
before aware of most important evidence for this 
philosophical argument, oonsbtieg of the opinion of 
Dr. Roget, given in his Treatise on Galvanism in tibe 
Library of Usefvl Knowledge, the date of which is 
January 1829. Dr. Roget is, upon the facts of the 
science, a supporter of the chemical theory of excita- 
tion; but the striking, passage I desire now to. r^er 
to, is the following, at ( 113 of the article Gdlvanvsm. 
Shaking of the voltaic theory of contact, he says, 

** Were any furriier reasoning necessary to overthrow 
it, a forcible argument might be drawn from the fol- 
lowing consideration. If mere could exist a power 
having the property ascribed to it by the hypoffieris, 
namely, that of {giving continual impulse to a fluids 
one constant direction, without being exhausted by 
its own aetion, it would differ essentially from aU^he, 
other known powers, m nature. All the powers^ SHI) 
sources of motion, with the operation of which we 
are acquainted, when producing their peculiar of^. 
iesbb, are expended in the same proportion 
effects axe^produoedj and hence arises the. 
bility M obtidning % tiieir agency a perpeglim;4f^^ 
f^; or, in otiier words, a perpetual motimuRiiitw^ 
electromotive Ijpree asoribw by Volta to 1;^ ^ 

when in contact is a force which, ae look A'lree 
course is aQowed to the eledtrieity it seta is 
is never expended, and conthxues to he egdtqd 
undiminished poww, in^^thepi^iuotion of 

SM^^2LhpNhs^^^are all but 
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tioii atoo be toie ; and it would not be at all dif* 
fieult, upon the first given case of an electric 
current by contact alone, to produce an electro* 
magnetic arrangement, which, as to its prin* 
c^, would go on iMToducing mechanical ef- 
fects for ever. 

Boifdl InatitiUion, December 26, 1839 
Note 

2074. In a former series (925, Ac.) I have 
«tid that I do not think any paH; of the elec- 
tricity of the voltaic pile is due to the combina- 
tion of the oxide of zinc with the sulphuric acid 
used, and that I agreed so far with Sir Humphry 
Davy in thinking that acids and alkalies did not 
in combining evolve electricity in large quantity 
when they were not parts of electroljdcs. 

This I would correct; for I think that 
Becquerel’s pile is a perfect proof that when 
acid and all^i combine an electric current is 
produced.^ 

I perceive that Dr. Mohr of Coblentz ap- 
pears to have shown that it is only nitric acid 
which amongst acids can in combining with 
alkalies produce an electric current.^ 

^BibliotMque Univeraellet 1838, XIV, 129, 171. 

ReMuSt I, p. 465. Annales de Chimiet 1827, 

t PhiloBophieal Magazine, 1838, XIII, p. 382; or 
Pogaendorf's ilnnolen, XLII, p. 76. 


SEBlBSXVin 

For mysdf , I had made exception of the hy- 
dradkls (929) on theoretical grounds. I had 
siso admitted that oxyacids when in solution 
might in such cases produce small currents of 
electricity (928 and Note)] and Jacobi says 
tiiat in BecquerePs im^rov^ acid and alkaline 
pile, it is not above a tlmieth part of the whole 
power which appears as current. But I now 
wish to say that though in the voltaic battery, 
dependent for its power on the oxidization of 
zinc, I do not think that the qucmiity of electric- 
ity is at all increased or affected by the com- 
bination of the oxide with the acid (933, 945), 
still the lattef Circumstance cannot go alto- 
gether for nothing. The researches of Mr. Dm- 
iell on the nature of compound electrolyte’ 
ties together the electrolyzation of a salt a^d 
the water in which it is dissolved, in such a 
manner as to make it almost certain that, in 
the corresponding cases of the forrnation of a 
salt at the place of excitement in the voltaic 
circuit, a similar connection between the water 
and the salt formed must exist: and I have 
little doubt that the joint action of water, acids, 
and bases, in Becquerers battery, in Danieirs 
electrolyzations, and at the zinc in the ordinary 
active pile, are, in principle, closely connected 
together. 

• Philosophiedl Tranaaetiona, 1839, p. 97. 


FABADAT 


EIGHTEENTH SERIES 

§ 25. On the EUdrUnty Evolved hy the Friction of Water and Steam 
against Other Bodies 

Received January 26, Read February 2, 1843 


20^. Two years ago an experiment was de- 
scribed by Mr. Armstrong and others,’ in which 
the issue of a stream of high pressure steam 
into the air produced abundance of electricity. 
Tim source of the electricity was not ascer- 
tained, but was supposed to be the evaporation 
<Mr change of state of the water, and to have a 
dir^ ration toatmospheric electricity. I have 
at various times smce May of last year been 
workmg upon the subject, and though I per- 
ceive Mr. Armstrong has, in recent communi- 
cations, anticipated by publication some of the 
biets which I also have obtainedrthe Royal 8o- 
d^xnay still perhaps think a compressed ac- 
count of my re^ts and conclumons, which in* 

Ntagaeine, ISm, XVU, pp. 870, 
481 , 


elude many other important points, worthy its 
attention. 

2076. The apparatus I have used was not 
competent to furnish me with much steam or a 
high pressure, but I found it sufficient for my 
purpose, which was the investigation of the eU 
feet and its cause, and not necessarily an in- 
crease of the electric development. Mr. Arm- 
strong, as is shown by a recent paper, has well 
effecti^ the latter.^ The boiler I used, belong- 
ingtotheLondon Institution, would hold about 
ten gallons of water, and allow the evaporation 
of five gallons. A pipe 4^ feet long was at- 
tached to it, at the end of which was a large 
stop-cockand a metal globe, of the capacity of 
ibi^-two cubic inches, which I will call fhe 

• 1848, XXII, p. 1. 
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lAeamrglx^f and to this globe, by its mouth- 
piece, could be attached various forms of ap- 
paratus, serving as vents for the issuing steam.' 
Thus a cock could be connected with the steam- 
globe, and this cock be used as the experi- 
mental steam-passage; or a wooden tube could 
be screwed in; or a small metal or glass tube 
put through a good cork, and the cork screwed 
in; and in these cases the steam way of the 
globe and tube leading to the boiler was so 
large, that they might be considered as part of 
the boiler, and these terminal passages as the 
obstacles which, restraining the issue of steam, 
produced any important degree of friction. 

2077. Another issue piece consisted of a metal 
tube terminated by a metal funnel, and of a 
cone advancing by a screw more or less into 
the funnel, so that the steam as it rushed forth 
beat against the cone (PL XIV, Fig. 2 ) ; and 
this cone could either be electrically connected 
with the funnel and boiler, or be insulated. 

2078. Another terminal piece consisted of a 
tube, with a stop-cock and feeder attached to 
the top part of it, by which any fluid could be 
admitted into the passage, and carried on with 
the steam (PL XIV, Fig. S). 

2079. In another terminal piece, a small cy- 
lindrical chamber was constructed (PL XIV, 
Fig. 4) into which different fluids could be in- 
troduced, so that, when the cocks were opened, 
the steam passing on from the steam-globe 
(2076) should then enter this chamber and take 
up anything that was there, and so proceed 
with it into the final passage, or out against the 
cone (2077), according as the apparatus had 
been combined together. This little chamber I 
will always call C. 

2080. The pressure at which I worked with 
the steam was from eight to thirteen inches of 
mercury, never higher than thirteen inches, or 
about two-fifths of an atmosphere. 

2081 . The boiler was insulated on three small 
blocks of lac, the chimney being connected by 
a piece of funnel-pipe removable at pleasure. 
Coke and charcoal were burnt, and the insula- 
tion was so good, that when the boiler was at- 
tached to a gold-leaf electrometer and charged 
purposely, the divergence of the leaves did not 
alter either by the presence of a large fire, or 
the abundant escape of the results of the com- 
bustion. 

2082. When the issuing steam produces elec- 
tricity, there are two ways of examining the ef- 

> This globe and the pieoes of apparatus ore repre- 
^ntM upon a scale of one-^fourtn in the Plate be- 
longing to this paper. 


fectieithertheinsulatedboilermaybeobserved, 
or the steam may be examined, but these states 
are always contrary one to the other. I at- 
tached to the boiler both a gold-leaf and a dis- 
charging electrometer, the first showed any 
charge short of a sparl^ and the second by the 
number of sparks in a given time carried on the 
measurement of the electricity evolved. The 
state of the steam may be observed either by 
sending it through an insulated wide tube in 
which are some diaphragms of wire gauze, which 
serves as a discharger to the steam, or by send- 
ing a puff of it near an electrometer when it 
acts by induction; or by putting wires and 
plates of conducting matter in its course, and 
so discharging it. To examine the state of the 
boiler or substance against which the steam is 
excited, is far more convenient, as Mr. Arm- 
strong has observed, than to go for the electric- 
ity to the steam itself ; and in this paper I shall 
give the state of the former, unless it be other- 
wise expressed. 

2083. Proceeding to the cause of the excita- 
tion, I may state first that I have satisfied my- 
self it is not due to evaporation or condensa- 
tion, nor is it affected by either the one or the 
other. When the steam was at its full pressure, 
if the valve were suddenly raised and taken out, 
no electricity was produced in the boiler, though 
the evaporation was for the time very great. 
Again, if the boiler were charged by excited 
resin before the valve was opened, the opening 
of the valve and consequent evaporation did 
not affect this charge. Again, having obtained 
the power of constructing steam passages which 
should give either the positive or the negative, 
or the neutral state (2102, 2110, 2117), I could 
attach these to the steam way, so as to make 
the boiler either positive, or negative, or neu- 
tral at pleasure with the same steam, and 
whilst the evaporation for the whole time con- 
tinued the same. So that the excitation of elec- 
tricity is clearly independent of the evaporation 
or of the change of state. 

2084. The issue of steam alone is not sufficient 
to evolve electricity.* To illustrate this point I 
may say that the cone apparatus (2077) is an 
excellent exciter: so also is a boxwood tube 
(2102) (PL XIV, Fig. 6) soaked in water, and 
screwed into the steam-^lobe. If with ^ther of 
these arrangements, tiie steam-globe {Fig. 1) 
be empty ctf water, so as to catch and retain 

* Mr. Aimatroiiff has also asoertaiii^ that water 
is esBential to a hi^ development Pm. Mag., 1843, 
VoLXXII.p.2. 
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Fig . 3 


Description of the Apparatus represented in section^ 
and to a scale of one-fourth 

Fig. 1 The steam^obe (2076), prindpal steam-cock, and drainage-cock to re- 
move the water condensed in the pipe. The current of steam, travelled in the 
direction of the arrow-heads. 

Fig. 2 The cone apparatus (2077) in one of its forms. The cone could be ad- 
vance and withdrawn by means of the milled head and screw. 

Fig. S The feeding apparatus (2078). The feeder was a glass tube or retort neck 
fitted by a cork into the cap oi the feeding stop-cock. Other apparatuses, as 
thf^se figured 2, 5, 6, could be attached by a connecting piece to this a|^>aratus. 

Fig. 4 The cumber O (2079) fitted by a cork on to a meted pipe previously 
screwed into the steam-globe; and having a metallic tube and adjusting piece 
screwed into its mouth. Other, parts, as the cone fig. 2, or the wo^en or glass 
tubes 6, could: be conjoined with this chamber^ 

Fig. 6 The bcxxwood tube (2102). 

fFig. 6 A or tube (2076) attadied bST a cork to a iiibu%deoe 

' fitting into fbe stecim-glpbe. « ^ 
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that wbi^ is €k)iKlenBed from the steamy th^ 
after the first momwt (2089), and when the 
apparatiss is hot, the issuing steam exeites no 
electricity; but when the steam-globe is filled 
up so far that the rest of the condensed water 
is swept forward with the steam, abundance of 
electricity appears. If then the globe be emp* 
tied of its water, the electricity ceases; but 
upon filling it up to the proper height, it im^ 
mediately reappears in full force. So when the 
feeder apparatus (2078) was used, whilst there 
was no water in the passage-tube, there was no 
electricity; but on letting in water from the 
feeder, electricity was immediately evolved. 

2086. The electricity is due entirely to the 
friction of the particles of water which the 
steam carries forward against the surrounding 
solid matter of the passage, or that which, as 
with the cone (2077), is purposely opposed to 
it, and is in its nature like any other ordinary 
case of excitement by friction. As will be shown 
hereafter (2130, 2132), a very small quantity 
of water properly rubbed against the obstruct- 
ing or interposed body, will produce a very 
sensible proportion of electricity. 

2086. Of the many circumstances afiecting 
this evolution of electricity, there are one or 
two which I ought to refer to here. Increase of 
pressure (as is well illustrated by Mr. Arm- 
strong's experiments) greatly increases the ef- 
fect, simply by rubbing the two exciting sub- 
stances more powerfully together. Increase of 
pressure will sometimes change the positive 
power of a passage to negative; not that it has 
power of itself to change the quality of the 
passage, but as will be seen presently (2108), 
by carrying off that which gave the positive 
power; no increase of pressure, as far as I can 
find, can change the negative power of a given 
passage to positive. In other phenomena here- 
after to be described (2090, 2106), increase of 
pressure will no doubt have its infiuence; and 
an effect which has been decreased, or even an- 
nihilated (as by the addition of substances to 
the water in the^ steam-globe, or to the issuing 
current of water and steam), may, no doubt, 
by increase pressure be again developed and 
exalted. 

2087. The shape and form of the exciting 
passage has great influence, by favouring more 
or less the contact and subsequent separation 
of the particles pf water and the solid substance 
against which <hey rub. 

2088. Whim ibhe mixed steam and watpr p w 
throughaiuheon(^pH«>ck (2076), they J3^ 

^^0, prodttifiag^llto smooth sound, or 


a rattlrntroughsoundf theooneappa^ 

ratu8{2077) (PL.XIV,Pigf.JS),orcertainlengtte 
of tube, Ihese conditbns idtemate suddenly. 
With the smooth sound littleor no electricity is 
produced; with the rattling sound plenty. The 
rattling sound accompanies that irregular rou^ 
vibration, which casts the water more violently 
and effectually against the substance of the 
passage, and which again causes the better 
excitation. I converted the end of the passage 
into a steam-whistle, but this did no good. 

2089. If there be no water in the steam-globe 
(2076), upon opening the steam-cock the first 
effect is very striking; a good excitement of 
electricity takes place, but it very soon ceases^ 
This is due to water condensed in the cold pas-* 
sages, producing excitement by rubbing against 
them. Thus, if the passage be a stop-cook, wlubt 
cold it excites electricity with what is supposed 
to be steam only; but as soon as it is hot, the 
electricity ceases to be evolved. If, then, whilst 
the steam is issuing, the cock be cooled by an 
insulated jet of water, it resumes its power. If, 
on the other hand, it be made hot by a spirit- 
lamp before the steam be let on, then there is 
no first effect. On this principle, I have made 
an exciting passage by sunx>unding one part of 
an exit tube with a little cistern, and putting 
sphits of wine or water into it. 

2090. We find then that particles of wato 
rubbed against other bodies by a current of 
steam evolve electricity. For this purpose, how- 
ever, it is not merely water but pure water 
w^hich must be used. On employing the feeding 
apparatus (2078), which supplied the rubbing 
water to the interior of the steam passage, I 
found, as before said, that with steam only 1 
obtained no electricity (2084). On letting in 
distilled water, abundance of electricity was 
evolved; on putting a small crystal of sulphate 
of soda, or of common salt into the water, the 
evolution ceased entirely. Re-employing dis- 
tilled water, the electricity appeared again; on 
using the common water supplied to LondoUf 
it was unable to produce it. 

2091. Apin, using the steam-globe (2076), 
and a boxwood tube (2102) which excto 

if the water distilling over from the boiler be. 
allowed to pass with the steam, when 1 put. ,% 
small, cryst^ of sulphate of soda, of 
salt, or of nitre, or the smallest di^p 
phuricacid, into thesteam^globe withtn^wii|o^ 

I Messra. Armstrong aad Schafkaantl have botk 
ol>served tlw coineidenoe of oertoin sounds or noises 
with tiw s, ; . . t 
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the apparatus was utterly Ineffective, and no 
electricity could be produced. On withdrawing 
such water and replacing it by distilled water, 
the excitement was again excellent: on adding 
a very small portion of any of these substances, 
iteeased;butuponagainintroducmgpure water 
it was renewed. 

2092. Common water in the steam-globe was 
powerless to excite. A little potash added to dis- 
tilled water took away all its power; so also did 
the addition of any of those saline or other sub- 
stances which give conducting power to water. 

2093. The effect is evidently due to the water 
becoming so good a conductor, that upon its fric- 
tion against the metal or other body, the elec- 
tricity evolved can be immediately discharged 
again, just as if we tried to excite lac or sulphur by 
flannel which was damp instead of dry. It shows 
very"^ clearly that the exciting effect, when it oc- 
curs, is due to water an d not to the passing steam . 

2094. As ammonia increases the conducting 
power of water only in a small degree (554), I 
concluded that it would not take away the 
power of excitement in the present case; ac- 
cordingly on introducing some to the pure water 
in the globe, electricity was still evolved though 
the steam of vapour and water was able to red- 
den moist turmeric paper. But the addition of 
a very small portion of dilute sulphuric acid, 
by forming sulphate of ammonia, took away 
all power. 

2095. When in any of these cases, the steam- 
globe contained water which could not excite 
electricity, it was beautiful to observe how, on 
opening the cock which was inserted into the 
steam-pipe before the steam-globe (PI. XIV, 
Fig. 1), the use of which was to draw off the 
water condensed in the pipe before it entered 
the steam-globe, electricity was instantly 
evolved; yet a few inches farther on the steam 
was quite powerless, becauseof thesmall change 
in the quality of the water over which it passed, 
and ^ddeh it took with it. 

2096. When a wooden or metallic tube (2076) 
was used as the exciting passage, the applica- 
tion of solution of salts to the outside and end 
of Hie tube in no way affected the evolution. 
But when a wooden cone (2077) was used, and 
that cone moistened with the solutions, there 
was no excitement on first letting out the steam, 
and it was only as the solution was washed 
away that the power appeared; soon rising, 
however, to its full degree. 

^97. Having ascertained these points le- 
i|>ectmg the necessity of water and its purityi 


the next for examination was the influence of 
thesubstance against which thestream of steam 
and water rubbed. For this purpose I first used 
cones (2077) of various substances, either in- 
sulated or not, and the following, namely, 
teass, boxwood, beechwood, ivory, linen, ker^ 
seymere, white silk, sulphur, caoutchouc, oiled 
silk, japanned leather, melted caoutchouc and 
resin, ^ became negative, causing the stream 
of steam and water to become positive. The 
fabrics were applied stretched over wooden 
cones. The melted caoutchouc was spread over 
the surface of a boxwood or a linen cone, and 
the resin conchas a linen cone dipped in a 
strong solution of resin in alcohol, and men 
dried. A cone of wood dipped in oil of tur^n- 
tine, another cone soaked in olive oil, and a 
brass cone covered with the alcoholic solution^ of 
resin and dried, were at first inactive, and then 
gradually became negative, at which time the 
oil of turpentine, olive-oil and resin were found 
cleared off from the parts struck by the stream 
of steam and water. A cone of kerseymere, 
which had been dipped in alcoholic solution of 
resin and dried two or three times in succes- 
sion, was very irregular, becoming positive and 
negative by turns, in a manner dfficult to com- 
prehend at first, but easy to be understood 
hereafter (2113). 

2098. The end of a rod of shellac was held a 
moment in thestream of steam and then brought 
near a gold-leaf electrometer: it was found ex- 
cited negatively, exactly as if it had been rubbed 
with a piece of flannel. The corner of a plate 
of sulphur showed the same effect and state 
when examined in the same way. 

2099. Another mode of examining the sub- 
stance rubbed was to use it in the shape of 
wires, threads or fragments, holding them by 
an insulating handle in the jet, whilst they 
were connected with a gold-leaf electrometer. 
In this way the following substances were tried : 


Platinum 

Copper 

Iron 

Zinc 

Sulphuret of copper 

Linen 

Cotton 

Silk 

Worsted 
Wood 
Horse-hair 
Bear’s hair 
Flint glass 
Green glass 
QuiU 


Ivory 

Shellac on silk 

Sulphur on silk 

Sulphur in piece 

Plumbago 

Charcot 

Asbestos 

Cyanite 

Hematite 

Rock-crystal 

Orpiment 

Sulphate of bar3rta 

Sulphate of lime 

Carbonate of lime 

FluoTHspar 
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AU these substances were rendered negative, 
though not in the same degree. This apparent 
difference in degree did not depend ordy upon 
the specific tendency to become negative, but 
also upon the conducting power of the body it- 
self, whereby it gave its charge to the electrom- 
eter; upon its tendency to become wet (which 
is very different, for instance in shellac or quill, 
to that of glass or linen), by which its conduct- 
ing quality was affected; and upon its size or 
shape. Nevertheless I could distinguish that 
beards hair, quill and ivory had very feeble 
powers of exciting electricity as compared to 
the other bodies. 

2100. 1 may make here a remark or two upon 
the introduction of bodies into the jet. For the 
purpose of preventing condensation on the sub- 
stance, I made a platinum wire white-hot by 
an insulated voltaic battery, and introduced it 
into the jet : it was quickly lowered in tempera- 
ture by the stream of steam and water to 212®, 
but of course could never be below the boiling- 
point. No difference was visible between the ef- 
fect at the first instant of introduction or any 
other time. It was always instantly electrified 
and negative. 

2101 . The threads I used werestretchedacross 
a fork of stiff wire, and the middle part of the 
thread was held in the jet of vapour. In this 
case, the string or thread, if held exactly in the 
mid^e of the jet and looked at end-ways to the 
thread, was seen to be still, but if removed 
the least degree to the right or left of the axis 
of the stream it (very naturally) vibrated, or 
rather rotated, describing a beautiful circle, of 
which the axis of the stream was the tangent: 
the interesting point was to observe, that when 
the thread rotated, travelling as it were with 
the current, there was little or no electricity 
evolved, but that when it was nearly or quite 
stationary there was abundance of electricity, 
thus illustrating the effect of friction. 

2102. The difference in the quality of the 
substances above described (2099) gives a val- 
uable power of arrangement at the jet. Thus if 
a metal, glass, or wo(5 tube' (2076) be used for 
the steam issue, the boiler is rendered well neg- 
ative and the steam highly positive; but if a 
quill tube or, better still, an ivory tube be used, 
the boiler receives scarcely any charge, and the 
stream of steam is also in a neutral state. This 
result not only assists in proving that the elec- 

. ^ A boxwood tube, 3 inches long and Hth of an 
Uich inner diameter, well soaked in distiU^ wator 
and screwed into the steam-globe, is an admirable 
exciter. 


tricity is not due to evaporation, but b also 
very valuable in the experimental inquiry. It 
was in such a neutral jet of steam and water 
that the excitation of the bodies already de- 
scribed (2099) was obtained. 

2103. Substances, therefore, may be held either 
in the neutral jet from an ivory tube, or in the 
positive jet from a wooden or metal tube; and 
in the latter case effects occurred which, if not 
understood, would lead to great confusion. Thus 
an insulated wire was held in the stream issuing 
from a glass or metal tube, about half an inch 
from the mouth of the tube, and was found to 
be unexcited: on moving it in one direction a 
little farther off, it was rendered positive; on 
moving it in the other direction, nearer to the 
tube, it was negative. This was simply because, 
when near the tube in the forcible part of the 
current, it was excited and rendered negative, 
rendering the steam and water more poEdtive 
than before, but that when farther off, in a 
quieter part of the current, it served merely as 
a discharger to the electricity previously ex- 
cited in the exit tube, and so showed the same 
state with it. Platinum, copper, string, silk, 
wood, plumbago, or any of the substances men- 
tioned above (2099), excepting quill, ivory and 
bearb hair, could, in this way, ^ made to as- 
sume either one state or the other, according 
as they were used as exciters or dischargers, 
the difference being determined by their place 
in the stream. A piece of fine wire gauze held 
across the issuing jet shows the above effect 
very beautifully; the difference of an eighth of 
an inch either way from the neutral place will 
change the state of the wire gauze. 

2104. If, instead of an excited jet of steam 
and water (2103), one issuing from an ivory 
tube (2102), and in the neutral state be used, 
then the wires, <&c. can no longer be made to 
assume both states. They may be excited and 
rendered negative (2099), but at no distance 
can they become dischargers, or show the posi- 
tive state. 

2105. We have already seen that the pres- 
ence of a very minute quantity of matter aide 
to give conducting power to the water todc 
away all power of excitation (2090, &c.) up to 
the highest degree of pressure, i.e., of mechaDi- 
cal friction that I used (2086); and the next 
point was to ascertain whether it would be so 
for all the bodies rubbed by the stream, tnr 
whether differences in degree would be^n to 
manifest themsdves. I therefore tried aU these 
bodies again, at one time adding about two 
gixdns erf aoii^te of soda to the fcmr 
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iteai^ i«tained as a im- 
itaot quantity when in regular action, and at 
aiusther timeaddingnot a fourth of this quantity 
ofsulphuricacid (2091). In both cases allthesub- 
stances (2099) remained entirely unexcited and 
neutral. Very probably, great increase of pres- 
sure might have developed some effect (2086). 

2106* With dilute sulphuric acid in the steam- 
globe, varying from extreme weakness to con- 
siderable sourness, 1 used tubes and cones of 
Sine, but could obtain no trace of electricity. 
Chemical action, therefore, appears to have 
nothing to do with the excitement of electric- 
ity by a current of steam. 

2107. Having thus given the result of the 
friction of the steam and water against so many 
bodies, I may here point out the remarkable 
eircumstance of water being positive to them 

" all. It very probably will find its place above 
ail other substances, even cat’s hair and oxa- 
late of lime (2131). We shall find hereafter, 
tiiat we have power, not merely to prevent the 
jet of steam and water from becoming positive, 
as by using an ivory tube (2102), but also of 
reducing its own power when passing through 
or against suchsubstances as wood, metal, glass, 
&e. Whether, with a jet so reduced, we shall 
still find amongst the bodies above mentioned 
(2099) some that can render the stream posi- 
tive and others that can make it negative, is a 
question 3 ;^t to be answered, 

2108. Advancing in the investigation, a new 
point was to ascertain what other bodies, than 
water, would do if their particles were carried 
forwai^ by the curront of steam. For this pur- 
pose the f^ing apparatus (2078) was mounted 
and charged with oil of turpentine, to be let in 
at pleasure to the steam-exit passage. At first 
the feeder stop-cock was shut, and the issuing 
Steam and water made the boiler negative. On 
letting down the oil of turpentine, this state 
was instantly changed, the boiler becamepow- 
erfiiUy positive, and the jet of steam, &c., as 
tangly negative. Shutting off the oil of tor- 
pentine, this state gradual^ fell, and in half a 
minute the bofier was negative, as at first. The 
introduction of more oil of turpentine instantiy 
dbanged this to positive, and so on with per- 
fect command of the ph^omena. 

< 2109. Rfflnovmg tim feeder apparatus and 
uting only the steam-globe and a wooden etit 
(2076), the same beautiful result was ol> 
^^ned. Wi& pure water in the globe the bmler 
pto negative, mid the issuing steam, &c., posi- 
hut adrop or two of oil of torpentii^ ilH 


troduced into the steam^bbe with the wliter. 
Instantly made the boiler podtive and the issu- 
ing stream negative. On using the little inter- 
pos^ chamber C (2079), the effects wereequally 
decided. A piece of clean new sail-cloth was 
formed into a ring, moistened with oil of tur- 
pentine and placed in the box; as long as a 
trace of the fiuid remained in the box the boiler 
was positive and the issuing stream negative. 

21 10. Thus the positive or negative state can 

be given at pleasure, either to the substance 
rubbed or to the rubbing stream; and with re- 
spect to this body, oil of turpentine, its pei)fect 
and ready didsfpation by the continuance of 
the passage of the steam soon causes the |iew 
effect to cease, yet with the power of rene^g 
it in an instant. \\ 

2111. With olive oil the same general phe- 
nomena were observed, i.e., it made the stream 
of steam, &c,ynegative, and the substancerubbed 
by it positive. But from the comparative fixed- 
ness of oil, the state was much more perma- 
nent, and a very little oil introduced into the 
steam-globe (2076), or into the chamber C 
(2079), or into the exit tube, would make the 
teller positive for a long time. It required, how- 
ever, that this oil should be in such a place that 
the steam stream, after passing by it, should 
rub against other matter. Thus, on using a 
wooden tube (2076, 2102) as the exciter, if a 
little oil were applied to the inner termination, 
or that at which the steam entered it, the tube 
was made positive and the issuing steam nega- 
tive; but if the oil were applied to the outer 
termination of the tube, the tube had its or- 
dinary negative state, as with pure water, and 
the issuing steam was positive. 

2112. Water is essential to this excitation by 
fixed oil, for when the steam-globe was emp- 
tied of water, and yet oil left in it and in the 
passages, there was no excitement. The first ef- 
fect (2089) it is true was one of excitement, and 
it rendered the boiler positive, but that was an 
effect due to the water condensed in the pas- 
sage, combined with the action of the oil. Af- 
terwards when all was hot, ttere was no evolu- 
tion of electricity. 

2113. 1 tried many other substances with the 
chamber C and other forms of s^^aratus, using 
tine wet wooden tube (2102) as the place and 
substance by whit^ to excite the steam stream. 
Hog’s^lard, sp^maceti, bees’-wax, eastm* oil» 
ream applied dissolved in alcohol; these, with 
olive-oil, oil of turpentine^ and oil of laurel, all 
rendered the boiler positive, afid tiie ^uing 
steam native. Of substances se^^u 
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to bam ihe revei^e poliw is 4^btlul if . 
thBre are any above water. Sulphuret of car- 
boBi naphthalme, sulphur, camphor, and mAir 
ed caoutchouc, occasionally seemed in strong 
contrast to the former bodies, making the boiler 
very negative, but on trying pure water im- 
mediately after, it appeared to do so quite as 
powerfully. Some of the latter bodies with oil- 
gas liquid, naphtha and caoutchoucine, gave 
occasionally variable results, as if they were 
the consequence of irregular and complicated 
effects. Indeed, it is easy to comprehend, that 
according as a substance may adhere to the 
body rubbed, or be carried off by the passing 
stream, exchanging its mechanical action from 
rubbed to rubber, it should give rise to variable 
effects; this, I think, was the case with the 
cone and resin before referred to (2097). 

2114. The action of salts, acids, &c., when 
present in the water to destroy its effect, I have 
already referred to (2090, &c.). In addition, I 
may note that sulphuric ether, pyroxylic spirit, 
and boracic acid did the same. 

2115. Alcohol seemed at the first moment to 
render the boiler positive. Half alcohol and 
half water rendered the boiler negative, but 
much less so than pure water. 

2116. It must be considered that a substance 
having the reverse power of water, but only in 
a small degree, may be able to indicate that 
property merely by diminishing the power of 
water. This diminution of power is very differ- 
ent in its cause to that dependent on increas- 
ing the conducting power of the water, as by 
saline matter (20^), and yet the apparent ef- 
fect will be the same. 

2117. When it b required to render the issu- 
ing steam permanently negative, the object is 
very easily obtained. A little oil or wax put 
into the steam-globe (2076), or a thick ring of 
string or canvas soaked in wax, or solution of 
resin in alcohol, and introduced into the box C 
(2079), supidies all that is required. By adjust- 
mg the application it is easy to neutralise the 
power of the water, so that the issuing stream 
shall neither become electric, nor cause that to 
be electrified against which it rubs. 

2118. We have arrived, therefore, at three 
inodes of rendering the jet of steam and water 
neutral, namely, the useof an ivory quill tube 
(2102), thepresenoepf substances in the water 
(2090, Ac.), and tfie neutralisation of ite mubural 
power by theeontoary force of oil, resin, Ac., 

2U9. In experiments of the kind just de- 
smbed an ivo^ twte cannot: be used jsafidy 
^ith acid A: a&alies in the steam^globe, for 


they, by tbmr cAcHouealactAm on the substaW 
of tube, in the evolution or solution 

oily matter for instance, change its state mi 
m^e its particular power of excitement very 
variable. Other circumstances also powerfuQy 
affect it occasionally (2144). 

2120. A very little oil in the rubbing pas- 
sages produces a great effect, and this at first 
was a source of considerable annoyance, by tihe 
continual occurrence of unexpected results; a 
poition may lie concealed for a week togeth^ 
in the thread of an unsuspected screw, and yet 
be sufficient to mar the effect of every arrange- 
ment. Digesting and washing with a little solu- 
tion of al^li, and avoiding all oiled washers, is 
the best way in delicate experiments of evading 
the evil. Occasionally I have found that a pas- 
sage, which was in some degree persistently 
negative, from a little melted caoutchouc, Or 
positive from oil, resin, Ac., might be cleared 
out thoroughly by letting oil of turpentine be 
blown through it; it assumed for a while the 
positive state, but when the continuance of 
steam had removed that (2110), the passage 
appeared to be perfectly clear and good and in 
its normal condition. 

2121. 1 now tried the effect of oil, Ac., when a 
little saline matter or acid was added to the 
water in the steam-globe (2090, Ac.), and foimd 
that when the water was in such a state as to 
have no power of itself, still oil of turpentine or, 
oil, or resin in the box C, showed their power, in 
conjunction with such water, of rendering the 
boiler positive, but their power appeared to be 
reduced: increase of the force of steam, as in 
all other cases, would, there is little doubt, 
have exalted it again. When alkali was in tho 
steam-globe, oil and resin lost very much of 
their power, and oil of turp^tine very little. 
This fskot will be important hereafter (2126), 

2122. We have seen that the action of such 
bodies as oil introduced into the jet of steam* 
changed its power (2108), but it was only by 
experiment we could tell whether this change 
was to such an extent as to alter the eleetridty^ 
for few or many of the bodies against which 
steam stream rubbed. With dive oil in the bo^ 
C, aU the insulated cones before enumerateij^ 
(2097) were made positive. With acetic acid 
the steam-globe all were made neutral (2091);:^^ 
With resin m the box C (2113), all the 
stances in the form^ list {2099} ware mwle 
positive; there was not one exeeptmn,^ * 

2123* The remm'kahle power el bii, 
tuipenthmiiesmi Ac., whenin^^eAtf^ 
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tity, to change the exciting power of water, 
though as regards some of them (2112) they 
are inactive without it, will excuse a few the- 
oretical observations upon their mode of ac- 
tion. In the first place it appears that steam 
alone cannot by friction excite the electricity, 
but that the minute globules of water which it 
carries with it being swept over, rubbed upon 
and tom from the rubbed body (2085) excite it 
and are excited, just as when the hand is passed 
over a rod of shellac. When olive oil or oil of 
turpentine is present, these globules are, I be- 
lieve, virtually converted into globules of these 
bodies, and it is no longer water, but the new 
fluids which are rubbing the rubbed bodies. 

2124. The reasons for this view are the fol- 
lowing. If a splinter of wood dipped in olive oil 
or oil of turpentine touch the surface of water, 

^ a pdiicle of the former instantly darts and 
spreads over the surface of the latter. Hence it 
is pretty certain that every globule of water 
passing through the box C, containing olive 
oil or oil of turpentine, will have a pellicle over 
it. Again, if a metal, wooden, or other balance- 
pan be well deaned and wetted with water, and 
then put on the surface of clean water in a dish, 
and the other pan be loaded until almost, but 
not quite able to pull the first pan from the 
water, it will give a rough measure of the co- 
hesive force of the water. If now the oily splinter 
of wood touch any part of the clean surface of 
the water in the dish, not only will it spread 
over the whole surface, but cause the pan to 
separate from the water, and if the pan be put 
down again, the water in the dish will no long^ 
be able to retain it. Hence it is evident that the 
oil facilitates the separation of the water into 
parts by a mechanical force not otherwise suf- 
ficient, and invests these parts with a film of 
its own substance. 

2125. All this must take place to a great ex- 
tent in the steam passage : the particles of water 
there must be covered each with a film of oil. 
The tenuity of this film is no objection to the 
supposition, for the action of excitement is 
without doubt at that surface where the film is 
beUeved to exist, and such a globule, though al- 
most entirely water, may well act as an oil 
globule, and by its friction render the wood, 
Ac., positive, itself becoming negative. 

2126. That water which is rendered ineffec- 
tive by a little saline or acid matter should still 
be able to ^ow the effect of the film of oil 
{2121) attached to it, is perfectly consistent 
yi^Hx this view. So also is the still more striking 
j^iti^taOEalisedwate^ havingno power 


of itself rfiould deeply injure the power of olive- 
oil or resin, and hardly touch that of oil of tur- 
pentine (2121), for the olive-oil or resin would 
no longer form a film over it but dissolve in it; 
on the contrary the oil of turpentine would 
form its film. 

2127. That resin should produce a strong ef- 
fect and sulphur not is also satisfactory, for I 
find resin in boiling hot water melts, and has 
the same effect on the balance (2124) as oil, 
though more slowly; but sulphur has not this 
power, its point of fusion being too high. 

2128. It is very probable that when wood, 
glass or even ftifelal is rubbed by these oily itur- 
rents, the oil may be considered as rubbininot 
merely against wood, &c., but water also,vthe 
water being now on the side of the thing rubbed. 
Under the circumstances water has much more 
attraction for the wood rubbed than oil has, 
for in the steam-current, canvas, wood, Ac., 
which have been well soaked in oil for a long 
time are quickly dispossessed of it, and found 
saturated with water. In such case the effect 
would still be to increase the positive state of 
the substance rubbed, and the negative state 
of the issuing stream. 

2129. Ha\dng carried the experiments thus 
far with steam, and having been led to con- 
sider the steam as ineffectual by itself, and 
merely the mechanical agent by which the rub- 
bing particles were driven onwards, I proceeded 
to experiment with compressed air.^ For this 
purpose I used a strong copper box of the ca- 
pacity of forty-six cubic inches, having two 
stop-cocks, by one of which the air was always 
forced in, and the other retained for the exit 
aperture. The box was very carefully cleaned 
out by caustic potash. Extreme care was taken 
(and required) to remove and avoid oil, wax, 
or resin about the exit apertures. The air was 
forced into it by a condensing syringe, and in 
certain cases when I recjuired dry air, four or 
five ounces of cylinder potassa fusa were put 
into the box, and the condensed air left in con- 
tact with the substance ten or fifteen minutes. 
The average quantity of air which issued and 
was used in each blast was 150 cubic inches. It 
was very difficult to deprive this air of the 
smell of oil which it acquired in being pumped 
through the condensing S3rringe. 

2130. I will speak first of undried common 
air: when such compressed air was let suddenly 
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out against the brass or the wood cone (2077), 
it rendered the cone negative, exactly as the 
steam and water had done (2097), This I at- 
tributed to the particles of water suddenly con- 
densed from the expanding and cooled air rub- 
bing against the metal or wood: such particles 
were very visible in the mist that appeared, 
and also by their effect of moistening the sur- 
face of the wood and metal. The electricity 
here excited is quite consistent with that 
evolved by steam and water: but the idea 
of that being due to evaporation (2083) is 
in striking contrast with the actual conden- 
sation here. 

2131. When however common air was let out 
against ice it rendered the ice positive, again 
and again, and that in alternation with the 
negative effect upon wood and metal. This is 
strongly in accordance with the high positive 
position which has already been assigned to 
water (2107). 

2132. I proceeded to experiment with dry 
air (2129), and found that it was in all cases 
quite incapable of exciting electricity against 
wood or sulphur, or brass, in the form of cones 
(2077, 2097) ; yet if, in the midst of these ex- 
periments, I let out a portion of air immedi- 
ately after its compression, allowing it no time 
to dry, then it rendered the rubbed wood or 
brass negative (2130). This is to me a satis- 
factory proof that in the former case the effect 
was due to the condensed water, and that nei- 
ther air alone nor steam alone can excite these 
bodies, wood, brass, &c., so as to produce the 
effect now under investigation. 

2133. In the next place the box C was at- 
tached to this air apparatus and experiments 
made with different substances introduced into 
it (2108), using common air as the carrying ve- 
hicle. 

2134. With distilled water in C, the metal 
cone was every now and then rendered nega- 
tive, but more frequently no effect was pro- 
duced. The want of a continuous jet of air sadly 
interfered with the proper adjustment of the 
proportion of water to the issuing stream. 

2136. With common water (2090), or a veiy 
dilute saline solution, or very dilute sulphuric 
acid (2091) or ammonia, I never could obtain 
any traces of electricity. 

2136. With oil of turpentine only in box C, 
the metal cone was rendered positive; but when 
both distilled water and oil of turpentine were 
introduced, the cone was very positive 
far more so than before. When sent against ice, 
the ice was made positive* 


2137. In the same manner olive-oil and water 
in C, or resin in alcohol and water in C, ren- 
dered the cone positive, exactly as if these sub- 
stances had been carried forward in their course 
by steam. 

2138. Although the investigation as respects 
the steam stream may here be considered as 
finished, 1 was induced in connection with the 
subject to try a few experiments with the air 
current and dry powders. Sulphur in powder 
(sublimed) rendered both metal and wood, and 
even the sulphur cone negative, only once did 
it render metal positive. Powdered resin gener- 
ally rendered metal negative, and wood posi- 
tive, but presented irregularities, and often gave 
two stales in the same experiment, first diverging 
the electrometer leaves, and yet at the end 
leaving them uncharged. Gum gave unsteady 
and double results like the resin. Starch made 
wood negative. Silica, being either very finely 
powdered rock-crystal or that precipitated from 
fluo-silicic acid by water, gave very constant 
and powerful results, but both metal and wood 
were made strongly positive by it, and the silica 
when caught on a wet insulated board and ex- 
amined was found to be negative. 

2139. These experiments with powders give 
rise to two or three observations. In the first 
place the high degree of friction occuriing be- 
tween particles carried forward by steam or 
air was well illustrated by what happened with 
sulphur; it was found driven into the dry box- 
wood cone opposed to it with such force that it 
could not be washed or wiped away, but had to 
be removed by scraping. In the next place, the 
dmhle excitements were very remarkable. In a 
single experiment, the gold-leaves would open 
out very wide at first, and then in an instant 
as suddenly fall, whilst the jet still continued, 
and remain at last either neutral or a very little 
positive or negative: this was particularly the 
case with gum and resin. The fixation upon the 
wood of some of the particles issuing at the be- 
ginning of the blast and the condensation of 
moisture by the expanding air, are circum- 
stances which, with others present, tend to 
cause these variable results. 

2140. Sulphur is nearly constant in its re- 
sults, and silica very constant, yet their states 
are the reverse of those that might have been 
expected. Sulphur in the lump is i-endered neg- 
ative whether rubbed against wood or any of 
the metals which I have tried, and renders 
them positm (2141), yet in the above experi- 
ments it almost always made both negative. 
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wood and metaJa renders them negative^ birt 
applied as above, it constantly made them 
strongly positive. There must be some natural 
cause for these changes, which at present can 
only be considered as imperfect results, for I 
have not had time to investigate the subject. 

2141. In illustration of the effect produced 
by steam and water striking against oiher bod- 
ies, I rubbed these other substances (2099) to- 
gether in pairs to ascertain their order, which 
was as follows: 


1. Catskin or bearskin 

2. Flannel 

3. Ivory 

4. Quill 

5. Rock-crystal 

6. Flint glass 

7. Gotten 


8. Linen, canvas 


9. White silk 

10. The handt 

11. Wood 

12. Lac 

13. Metals — I 

14. Sulphur 


Iron 

Copper 

Brass 

Tin 

Silver 

Platinum 


Any one of these became negative with the 
substances above, and positive with those be- 
neath it. There are however many exceptions 
td this general statement: thus one part of a 
catskin is very negative to another part, and 
even to rock-crystal: different pieces of flannel 
also differ very much from each other. 

2142. The mode of rubbing also makes in 
some cases a great difference, although it is not 
easy to say why, since the particles that ac- 
tually rub ought to present the same constant 
difference; a feather struck lightly against dry 
canvas will become strongly negative, and yet 
the same feather drawn with a little pressure 
between the folds of the same canvas will be 
strongly positive, and these effects alternate, 
so that it is easy to take away the one state in a 
moment by the degree of friction which pro- 
duces the other state. When a piece of flannel 
, b halved and the two pieces drawn across each 
Other, the two pieces will have different states 
Irregularly, or the same piece will have both 
states in different parts, or sometimes both 


pieces will be nsgatiit^^ rn whidi case, doubt- 
less, air must have been rendered positive, and 
then dissipated. 

2143. Ivory is remarkable in its condition. It 
is very difficult of excitement by friction with 
the metals, much more so than linen, cotton, 
wood, &c., which are lower in the scale than it 
(2141), and withal are much better conduc- 
tors, yieit both circumstances would have led to 
the expectation that it would excite better than 
them when rubbed with metals. This property 
is probably very influential in giving character 
to it as a non-exciting steam passage (2102). 

2144. Befo\*d*concluding this paper, lii will 
mention, that having used a thin ivory i^ube 
fixed in a cork (2076) for many experiihupits 
with oil, resin, Ac., it at last took up su(ih a 
state as to give not merely a non-exeiting pha- 
sage for the steam, but to exert upon it a nulli- 
fying effect, for the jet of steam and water pass- 
ing through it produced no excitation agamst 
any of the bodies opposed, as on the former oc- 
casion, to it (2099). The tube was apparently 
quite clean, and was afterwards soaked in al- 
cohol to remove any resin, but it retained this 
peculiar state. 

2145. Finally, I may say that the cause of 
the evolution of electricity by the liberation of 
confined steam is not evaporation; and further, 
being, I believe, friction, it has no effect in pro- 
ducing, and is not connected with, the general 
electricity of the atmosphere: also, that as far 
as I have been able to proceed, pure gases, i.e., 
gases not mingled with solid or liquid particles 
do not excite electricity by friction against 
solid or liquid substances.^ 

1 ReferencoB to papers in the PhUoaojihical Maih 
cmne, 1840-1W3. Armstrong, PhU. Mag,, Vol. 
pp. 370, 462; Vol. XVIII. pp. 60, 133. 328; Vol. XIX, 
p. 26; Vol. XX, p. 6; Vol. I^II, p. 1. Pattinson, 
PhU. Man,, Vol. XVII, pp. 375. 457. Schafhaeutl, 
pm, Mag,, Vol. XVII, p. 449; Vol. XVIII, pp. 14. 
95, 266. ^e also Philosophical Magazine, 1843, 
XXIII, i>. 194, for Armstrong’s account of the Hy- 
dra-^ieetne Machine, 
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^ i. Action of Magnets on Light 

2146. I have long held an opinion, almost 
amounting to conviction, in common I believe 
with many other lovers of natural knowledge, 
that the various forms under which the forces 
of matter are made manifest have one common 
origin; or, in other words, are so directly relat- 
ed and mutually dependent, that they are con- 
vertible, as it wei-e, one into another, and pos- 
sess equivalents of power in their action.® In 
modern times the proofs of their convertibility 
have been accumulated to a very considerable 
extent, and a commencement made of the de- 
termination of their equivalent forces. 

2147. This strong persuasion extended to the 
powers of light, and led, on a former occasion, 
to many exertions, having for their object the 
discovery of the ^rect relation of light and 


» Philosophical Transactions, 1846, p. 1. 

>The title of this paper has, 1 understand, led 
many to a misapprehension of its contents, and I 
therefore take the liberty of appending this explana- 
tory noto. Neither accepting nor rejecting the hy- 
pothesis of an ether, or the corpuscular, or any other 
view that may be entertained of the nature of light; 
and, as far as I can see, nothing being really known 
of a ray of light more than of a line of magnetic or 
electric force, or even of a line of gravitating force, 
except as it and they are manifest in and by sub- 
stances; I believe that in the experiments I describe 
in the paper, light has been magnetically affected, 
i.e., that mat which is magnetic in the forces of mat- 
ter has been affected, and in turn has affected that 
which is truly magnetic in the force of light: by the 
term magnetic I include here either of the peculiar 
exertions of the power of a magnet, whether it be 
that which is manifest in the magnetic or the dis^ 
magnetic class of bodies. The phrase ''illumination 
of the lines of magnetic force” has been understood 
to imply that I had rendered them luminous. This 
was not within my thought. 1 intended to express 
that the line of magnetic force was illuminated as 
the earth is iUuminated by the sun, or the spider’s 
wob dllumlnated by the astronomer’s lamp. Smploy- 
mg a ray of light, we can tell, by the eye, the direction 
of the zhagnetic lines through a body; and by the 
alteradon of the and US optical effect on the eye, 
can see the course^ the lines just as we cap see the 
course pf a thread of glass, or apy other tranw^ent 
subutance. rendered visible by me light; and ^ is 


what I nieant 
plains. 
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^ inatum, as the paper fully 
^ 15, 1845. M. F. 

1 fosedfcAss, 67, 386, 376, 877, 961, 


electricity, and their mutual action in bodies 
subject jointly to their power, but the results 
were negative and were afterwards confirmed^ 
in that respect, by Wartmann.® 

2148. These ineffectual exeilions, and many 
others which were never published, could not 
remove my strong persuasion derived from phU- 
OBophical considerations; and, therefore, I re- 
cently resumed the inquiry by experiment in a 
most strict and searching manner, and have at 
last succeeded in magnetizing and eketrifying a 
ray of lights and in illuminating a magnetic line 
of force. These results, without entering into 
the detail of many unproductive experiments, 

I will describe as briefly and clearly as I can. 

2149. But before I proceed to them, I will 

define the meaning I connect with certain terms 
which I shall have occasion to use: thus, by 
Une of magnetic force^ oi* magnetic line of force^ 
or magnetic curve, I mean that exercise of mag- 
netic force whidi is exerted in the lines usually 
called magnetic curves, and which equally ex- 
ist as passing from or to magnetic poles, or 
forming concentric circles round an elec^c 
current. By Kne of electric force, I mean the 
force exerted in the lines joining two bodie$^ 
acting on each other according to the princii^ 
of static electric induction (1161, &c»), whiiG^^ 
may ^0 be either in curved or straight lines.^ 
By a diamagnetic, 1 mean a body through 
which lines of magnetic force are passing, and. 
which does not by their action assume thh 
usual magnetic state of iron or loadstone^ . ; 

2150. A ray of light issuing from an Argand 
lamp, was.polaris^ in a horizontal 
reflexion from a surface of glass, and the 

ized ray passed through a Nichol’s eye-piec^j 
revolving ozi a horizontal axis, so as to be eadtji 
examined by the latter. Between the polarizing 
mirror and the eyepiece two powerful elei^rcH . 
magnetic poles were arranged, being eithp lhff 

. « Phslosopkieal TransadwM^ 1834, Sagwrtemist 
AsMOfcto, 961-9^ 

> Arekim de V£ketrioU4, U, pp. 586-800. , : ^ ' ' 
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poles of a horseshoe magneto or the contrary 
poles of two cylinder magnets; they were sep- 
arated from each other about 2 inches in the 
direction of the line of the ray, and so placed, 
that, if on the same side of the polarized ray, it 
might pass near them; or if on contrary sides, 
it might go between them, its direction being 
always parallel, or nearly so, to the magnetic 
lines of force (2149). After that, any trans- 
parent substance placed between the two poles, 
would have passing through it, both the polar- 
ized ray and the magnetic lines of force at the 
same time and in the same direction. 

2151. Sixteen years ago I published certain 
experiments made upon optical glass,^ and de- 
scribed the formation and general characters 
of one variety of heavy glass, which, from its 
materials, was called silicated borate of lead. It 
was this glass which first gave me the discov- 
ery of the relation between light and magnet- 
ism, and it has power to illustrate it in a degree 
beyond that of any other body; for the sake of 
perspicuity I will first describe the phenomena 
as presented by this substance. 

2152. A piece of this glass, about 2 inches 
square and 0.5 of an inch thick, having fiat and 
polished edges, was placed as a diamagnetic 
(2149) between the poles (not as yet magnet- 
ized by the electric current), so that the polar- 
ized ray should pass through its length; the 
glass acted as air, water, or any other indiffer- 
ent mbstance would do; and if the eyepiece 
were previously turned into such a position 
that the polarized ray was extinguished, or 
rather the image produced by it rendered in- 
visible, then the introduction of this glass made 
no alteration in that respect. In this state of 
droumstances the force of the electro-magnet 
was devdoped, by sending an electric current 
tiiFOUgb its coils, and imm^iately the image of 
the lamp-fiame became visible, and continued 
so as long as the arrangement continued mag- 
netic. On stopping the electric current, and so 
catzsmg the magnetic force to cease, the light 
instanUy disappeared; these phenomena could 
be renewed at pleasure, at any instant of time, 
and upon any occasion, showing a perfect de- 
pirndence of cause and effect. 

^ PhUoao^ical TranaaeUena, 1830, p. 1. I ommot 
resiai the occasion which is thus offered to me ol 
xnenfioning the name of Mr: Anderson, who came to 
me as an assistant in Uie glass experiments, and has 
, iwained ever since in the Laboratory of the Koval 
, jmstituition. He has assisted me is all the researenes 
into which I have entered since that time, and to his 
Sim, steadineast exactitude, and faithfulness in the 
jMormance of all that has been committed to hi# 
cbaige, I am much indebtii!d.HM* F. 


2153. The voltaic current which I used upon 
this occasion, was that of five pair of Grove’s 
construction, and the electro-magnets were of 
such power that the poles would singly sustain 
a weight of from twenty-eight to fifty-six, or 
more, pounds. A person looking for the phe- 
nomenon for the first time would not be able to 
see it with a weak magnet. 

2154. The character of the force thus im- 
pressed upon the diamagnetic is that of rotation; 
for when the image of the lamp-fiame has thus 
been rendered visible, revolution of the eye-piece 
to the right or left, more or less, will causeJts 
extinction; and the further motion of the eye- 
piece to the one side or other of this posit^n 
will produce the reappearance of the light, ajpd 
that with complementary tints, according (as 
this further motion is to the right- or left-hand. 

2155. When the pole nearest to the observer 
was a marked pole, i.e., the same as the north 
end of a magnetic needle, and the farther pole 
was unmarked, the rotation of the ray was 
right-handed ; for the eye-piece had to be turn- 
ed to the right-hand, or clock fashion, to over- 
take the ray and restore the image to its first 
condition. When the poles were reversed, which 
was instantly done by changing the direction 
of the electric curi-ent, the rotation was chang- 
ed also and became left-handed, the alteration 
being to an equal degree in extent as before. 
The direction was always the same for the same 
line of magnetic force (2149). 

2156. When the diamagnetic was placed in 
the numerous other positions, which can easily 
be conceived, about the magnetic poles, results 
were obtained more or less marked in extent, 
and very definite in character, but of which the 
phenomena just described may be considered 
as the chief example: they will be referred to, 
as far as is necessary, hereafter. 

2157. The same phenomena were produced 
in the silicated borate of lead (2151) by the ac- 
tion of a good ordinary steel horseshoe mag- 
net, no electric current being now used. The re- 
suite were feeble, but still sufficient to show the 
perfect identity of action between electro-mag- 
nets and common magnets in this their power 
over light. 

2158. Two magnetic poles were employed 
end-w:ays, i.e., the cores of the electro-magnets 
were hollow iron cylinders, and the ray of po- 
larized light passed along their axes and through 
the diama^etic placed between them; the ef- 
fect was the same. 

2159. One magnetic pole only was used, that 
being one end of a powerful cylinder el^tro" 
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magnet. When the heavy glass was beyond the 
magnet, being close to it but between the mag- 
net and the polarizing reflector, the rotation 
was in one direction, dependent on the nature 
of the pole; when the diamagnetic was on the 
near side, being close to it but between it and 
the eye, the rotation for the same pole was in 
the contrary direction to what it was before; 
and when the magnetic pole was changed, both 
these directions were changed with it. When 
the heavy glass was placed in a corresponding 
position to the pole, but above or below it, so 
that the magnetic cwrvee were no longer passing 
through the glass parallel to the ray of polar- 
ized light, but rather perpendicular to it, then 
no effect was produced. These particularities 
may be uncferstood by reference to Fig. 1, 
where a and h represent the firat positions of 
the diamagnetic, and c and d the latter posi- 
tions, the course of the ray being marked by 
the dotted line. If also the glass were placed di- 
rectly at the end of the magnet, then no effect 
was produced on a ray passing in the direction 
here described, though it is evident, from what 
has been already said (21 55) , that a ray passing 
parallel to the magnetic lines through the glass 
so placed, would have been affected by it. 



Fig.l 


2160. Magnetic lines, then, in passing through 
silicated borate of lead, and a great number of 
other substances (2173), cause these bodies to 
act upon a polarized ray of light when the lines 
are parallel to the ray, or in proportion as they 
are parallel to it: if they are perpendicular to 
the ray, they have no action upon it. They 
give the diamagnetic the power of rotating the 
my; and the law of this action on light is, that 
if a magnetic line of force be going from a north 
pole, or coming from a south pole, along the 
path of a polarized ray coming to the observer, 
it vrill rotate that ray to the righ^hand; or, 
fhat if such a line of force be coming from a 
north pole, or going from a south pole, it will 
rotate sudi a ray to ibe left-hand. 

2161. If a cork or a cylinder of glass, repre- 
w&ttng tiiedigtnAgi^o, be marked At its ends 


with the letters N and S, to repres^t the poles 
of a magnet, the line joining these letters may 
be considered as a magnetic line of force; and 
further, if a line be traced round the cylinder 

with arrow-heads on it to rep- 

yT s j resent direction, as in Fig, i^, 
a V L/ such a simple model, held up 
before the eye, will express the 
Y whole of the law, and give 
every position and consequence 
, of direction resulting from it. 

^is* 2 If a watch be considered as 

the diamagnetic, the north pole of a magnet 
being imagined against the face, and a south 
pole against the back, then the motion of the 
hand will indicate the direction of rotation 
which a ray of light undergoes by magnetiza- 
tion. 

2162. 1 will now proceed to the different cir- 
cumstances which affect, limit, and define the 
extent and nature of this new power of action 
on light. 

2163. In the first place, the rotation appears 
to be in proportion to the extent of the dia- 
magnetic through which the ray and the mag- 
netic lines pass. I preserved the strength of the 
magnet and the interval between its poles con- 
stant, and then interposed different pieces of 
the same heavy glass (2151) between the poles. 
The greater the extent of the diamagnetic in 
the line of the ray, whether in one, two, or 
three pieces, the greater was the rotation of 
the ray; and, as far as I could judge by these 
first experiments, the amount of rotation was 
exactly proportionate to the extent of diamag- 
netic through which the ray passed. No addi- 
tion or diminution of the heavy glass on the 
side of the course of the ray made any differ- 
ence in the effect of that part through whfch 
the ray passed. 

2164. The power of rotating the ray of light 
increased with the intensity of the magnetic, 
lines of force. This general effect is very easily 
ascertained by the use of electro-magnets; ati4 
within such range of power as I have employ- 
ed, it appears to be Erectly proportionate to 
the intensity of the ma^etic force. 

2165. Other bodies, l^des the heavy gla^ 
possess the same power of becoming, under the' 
influence of magnetic force, active on lig^t 
(2173). When these bodies possess a rdMvO 
power of their own, as is the case with cH lit 
turpentine, sugar, tartaric acid, tartrates^ M., 
the effect of the magnetic force is ti> add Or 
subtract from, their specific loree, 

as the natural rotation and the^ 1;^ 





ng^t^ or left-Jhaoded (2231). 

. 2166* I eould not perceive that this power 
was affected by any degree of motion which I 
was able to communicate to the diamagnetic, 
whilst jointly subject to the action of the mag- 
netism and the light. 

. 2W7, The interposition of copper, lead, tin, 
wiver, and other ordinary non-magnetic bodies 
m the course of the magnetic curves, either be- 
tween the pole and the diamagnetic, or in other 
positions, produced no effect either in kind or 
de^ee upon the phenomena. 

2I16& Iron frequently affected the results in 
a very considerable degree; but it always ap- 
peared to be, either by altering the direction of 
the magnetic lines, or disposing within itself of 
their force. Thus when the two contrary poles 
were on one side of the polarized ray (2150), 
and the heavy glass in its best position between 
them and in the ray (2152), the bringing of a 
large piece of iron near to tlie glass on the other 
side of the ray, caused the power of the dia- 
magnetic to fall. This was bemuse certain lines 
of magnetic force, which at first passed through 
the glass parallel to the ray, now crossed the 
and the ray; the iron giving two contrary 
poles opposite the poles of the magnet, and 
&U8 determining a new course for a certain 
portion of the magnetic power, and that across 
the polarized ray. 

2169. Or if the iron, instead of being applied 
on the opposite side of the glass, were applied 
m the same side with the magnet, either near 
it or in contact with it, then, again, the power 
of the diamagnetic fell, simply because the 
power pf the magnet was diverted from it into 
a pew direction. Tbe^ effects depend much of 
00 mm on the intensity and power of the mag- 
n^^d on the size and softness of the iron. 

2170. The electro-helices (2190) without the 
opres were very feeble in power, and in- 
hardly sensible in their effect. With the 

iim pores they were powerful, though no more 
dpgtneily was then passing throu^ the coils 
tlm before (1071). This shows, in a very sim- 
ple maimer, that the phenomena exhibited by 
li^t under these ciremnstan^ is directly eon- 
with the form of force sup- 

plied by the amngemeut* Apother effect which 
oecpn^ illiistrateidi the amne point. When the 
^ ecmtact at tlm voltaic battery is made, and the 
; round the electro-magnet, the im^ 

.^:|>ro4uced,by the rotflttkm pf the pdaiised 
d<m not rise up to histre inunedi* 
increases fmr a :epui4e of seconds, < 
f:|p|pa%:.;fcqu|i$ng jltSrdpea^.ints^ on 


breaking the contact, it rielo^instanriy and 4bh 
appears apparently at once. The gr^ual rise 
in brightness is due to the time wl^h the iron 
core of the magnet requires to evolve all that 
magnetic power which the electric cuirent can 
develop in it; and as the magnetbm rises in in- 
tensity, so does its effect on the light increase 
in power; hence the progressive condition of 
the rotation. 

2171. I cannot as yet find that the heavy 
glass (2151), when in this state, i.e., with mag- 
netic lines of force passing through it, exhibits 
any increased dpgree, or has any specific mag- 
neto-inductive action of the recognized ki4l. 1 
have placed it in large quantities, and in dif- 
ferent positions, between magnets and mi^- 
netic needles, having at the time Very delicate 
means of appreciating any difference betw^n 
it and air, but could find none. 

2172. Using water, alcohol, mercury, and 
other fluids contained in very large delicate 
thermometer-shaped vessels, I could not dis- 
cover that any difference in volume occurred 
when the magnetic curves passed through them. 

2173. It is time that I should pass to a con- 
sideration of this power of magnetism over 
light as exercised, not only in the silicated bo- 
rate of lead (2151), but in many other sub- 
stances; and here we perceive, in the first place, 
that if all transparent bodies possess the power 
of exhibiting the action, they have it in very 
different degrees, and that up to this time 
there are some that have not shown it at all. 

2174. Next, we may observe that bodies 
which are exceedingly different to each other in 
chemical, physical, and mechanical properties, 
develop this effect; for solids and liquids, acids, 
alkalies, oils, water, alcohol, ether, all possess 
the power. 

2175. And lastly, we may observe, that in 
all of them, though the degree of action may 
differ, still it is always ijbe sanae in kind, being 
a rotative power over the ray of light; and fur* 
ther, the direction of the rotation is,, in every 
case, independent of the nature or state of the 
substance, and dependent upon the direction 
of the magnetic line of force, according to the 
law before laid down (2160). 

2176. Amongst tiie substances in which this 
power of action is found, I have already dis- 
tmguished ihe dUco^oraie of {ead:(2151) as 
eminently fitted for the purpose of exhibiting 
the phenomena. I regret that it should be idm 
best, rince it isnbt Gltely to be in thejMesesrioa 
of many, and lew wili beindneed^^to^ 



trouble of preparing it. If made, H sbouid be 
well annealed, for otherwise the piecee will have 
considerable power of depolarizing light, and 
then the particular phenomena under consid- 
eration are much less strikingly observed. The 
torote leqd^ however, is a substance much 
more fusible, softening at the heat of boiling 
oil, and therefore far more easily prepared in 
the form of glass plates and annealed; and it 
possesses as much magneto-rotative power over 
light as the silico-borate itself. Flinirgltm ex- 
hibits the property, but in a less degree than 
the substances ateve. Crown-glass shows it, 
but in a still smaller degree. 

2177. Whilst employing crystalline bodies as 
diamagnetics, I generally gave them that posi- 
tion in which they did not affect the polarized 
ray, and then induced the magnetic curves 
through them. As a class, they seemed to resist 
the assumption of the rotating state. Rock-salt 
mA fluor-spar gave evidence of the power in a 
slight degree; and I think that a crystal of 
alum did the same, but its ray length in the 
transparent part was so small that I could not 
ascertain the fact decisively. Two specimens of 
transparent duor, lent me by Mr. Tennant, 
gave the effect. 

2178. Rock-crystal, 4 inches across, gave no 
indications of action on the ray; neither did 
smaller crystals, nor cubes about three-fourths 
of an inch in the side, which were so cut as to 
have two of their faces perpendicular to the 
axis of the crystal (1692, 1693), though they 
were examined in every direction. 

2179. Iceland spar exhibited no eagns of ef- 
fect, either in the form of rhomboids, or of 
cub^ like those just described (1695). 

2180. Svlphale of baryta, stdphate of lime, 
and carbonate of soda, were also without action 
on the light. 

2181. A piece of fine clear ice gave me no ef- 
fect. I cannot however say there is none, for 
the effect of water in the same mass would be 
very smtUl, and the irregularity of the flattened 
surface from the fusion of the ice and flow of 
water, made the ol^rvation very difflcult. 

2182. Withsomedegreeof curiosity and hope, 
I put gold-leal into the magnetic lines, hii 
could perceive no cfieet. Considering tite ex- 
tremely shiall dimenidons of the len^ of the 
path of the polarized ray in it, any positive re^ 
suit was hardly to be expected. 

2183. In exp^iments with liquids, a very 
good na^hod of ebserving the eSect is to eu- 

ifhem in botries from to 3 or 4 inciies 

In dkiinet^; ]plaettig i^eee k 


f cafY 

tween the magnelk pob» (2180), and brini^ 
the analysing eye-pleee so neat to the bottib 
that, by adjustment of the latter, its eyiin^i^ 
cal form may cause a diffuse but useful image 
of the lamp-flame to be seen through it; the 
light of this image is easily distinguished from 
that which passes by irregular refraction 
throu^ the stri® and deformations of the 
glass, and the phenomena being looked for in 
this hght are easily seen. 

2184. Water, alcohol, and ether, all riiow ttie 
effect; water most, alcohol less, and ether the. 
least. All the fixed oils which I have tried, in- 
cluding almond, castor, olive, poppy, lins^, 
sperm, olein from hog^s lard, and distilled res^. 
in oil, produce it. The essential oils of turpen- 
tine, bitter almonds, spike lavender, lavender; 
jessamine, cloves, and laurel, produce it. Also 
naphtha of various kinds, melted spermaceti, 
fused sulphur, chloride of sulphur, chloride of 
arsenic, and every other liquid substance whidi 
I had at hand and could submit in sufficient 
bulk to experiment. 

2185. Of aqueous solutions I tried 150 or 
more, including the soluble acids, alkalies and 
salts, with sugar, gum, &c., the list of whicli 
would be too long to give here, since the great 
conclusion was that the exceeding diversity of 
substance caused no exception to the general 
result, for all the bodies showed the property^ 
It is indeed more than probable, that in 
these cases the water and not the other sub^ 
stance present was the ruling matter. The same 
general result was obtained with alcoholic so- 
lutions. 

2186. Proceeding from liquids to air and gas- 
eous bodies, 1 have here to state that, as yet, I 
have not been able to detect the exercise of this 
power in any one of the substances in this class; 
I have tri^ the experiment with bottles 4 
inches in diameter, and the following ^bes; 
oxygen, nitrogen, hydrogen, nitrous oxide, oto4 
fiant gas, sulphurous acid, muriatic acid, eajp- 
bonic acid, carbonic oxide, ammonia, sulphup^ 
etted hydrogen, and bromine vapour, at ordi^ 
nary temp^atures; but they all gave negati'v^ , 
results. With air, tlte trial has been carried/b^ 
another form of apparatus, to a muxk hi^^. 
degree, but still ineffectually (2212). 

2187. Before dismissing the consideratioiiol 
the substances which exhibited this power, wtiA 
in reference to those in which it was superior 
duced upon bodies possessing, naturally, rotan 
tive forae (2165, 2231), I may record, the 
fdikmk^ are tim substapoes 

p&rbmA: castor oil, resin oil, oil of 
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(mder, of laurel, Canada balaam, alcoholic so- 
faition of camphor, alcoholic solution of cam- 
phor and corrosive sublimate, aqueous solu- 
tions of sugar, tartaric acid, tartrate of soda,, 
tartrate of potassa and antimony, tartaric and 
boracic acid, and sulphate of nickel, which ro- 
tated to the right-hand ; copaiba balsam, which 
rotated the ray to the left-hand; and two spec- 
imens of camphene or oil of turpentine, in one 
of which the rotation was to the right-hand, 
and in the other to the left. In all these cases, 
as already said (2165), the superinduced mag- 
netic rotation was according to the general law 
(2160), and without reference to the previous 
power of the body. 

2188. Camphor being melted in a tube about 
an inch in diameter, exhibited hi^ natural ro- 
tative force, but I could not discover that the 
xnignetic curves induced additional force in it. 
It may be, however, that the shortness of the 
ray length and the quantity of coloured light 
left, even when the eye-piece was adjusted to 
the most favourable position for darkening the 
image produced by the naturally rotated ray, 
rendered the small magneto-power of the cam- 
phor insensible. 

If ii. Action of Electric Currents on Light 

2189. From a consideration of the nature and 
position of the lines of magnetic and electric 
fc»'C6, and the relation of a magnet to a current 
of electricity, it appeared almost certain that 
an electric current would give the same result 
of action on light as a magnet ; and, in the helix, 
would supply a form of apparatus in which great 
leng^ of diamagnetics, and especially of such 
bo(hes as appeared to be but little aifected 
between the poles of the magnet, might be sub- 
mitted to examination and their effect exalted: 
this expectation was, by experiment, realized* 

2190. Helices of copper wire were employed, 
three of which I will refer to. The first, or long 
heliXi was 0.4 of an inch internal diameter; the 
wire was 0.03 of an inch in diameter, and having 
gone round the axis from one end of the helix to 
^ other, then returned in the same manner, 
forming a coU 65 inches long, double in its 
whole extent, and containing 1240 feet of wire. 

2191. The second, or medium heUx, is 19 
inches long, 1.87 inch intemal diameter, and 3 
in^es external diameter. The wire is 0.2 of an 
mch m diameter, and 80 feet in length, being 
deposed in the coil as two concentric spirals. 
The ^eetiic current, in passing throng it, is 
wt di^edt bpt traverses the whole length of 


2192. The third, or WooltoichheliXf was made 
under my instruction for the use of lieut.- 
Colonel Sabine’s establishment at Woolwich. 
It is 26.5 inches long, 2.5 inches intemd diam- 
eter, and 4.75 inches external diameter. The 
wire is 0.17 of an inch in diameter, and 501 feet 
in length. It is disposed in the coil in four con- 
centric spirals connected end to end, so that 
the whole of the electric current employed 
passes through all the wire. 

2193. The long helix (2190) acted very feebly 
on a magnetic needle placed at a little distance 
from it; the pedium helix (2191) acted more 
powerfully, and the Woolwich helix (21^) very 
strongly ; the same battery of ten pairs of Grlpve ’s 
plate being employed in all cases. 

2194. Solid bodies were easily subjected to 

the action of these electro-helices, teing for 
that purpose merely cut into the form of bars 
or prisms with flat and polished ends, and then 
introduced as cores into the helices. For the 
purpose of submitting liquid bodies to the same 
action, tubes of glass were provided, furnished 
at the ends with caps; the cylindrical part of 
the cap was brass, and had a tubular aperture 
for the introduction of the liquids, but the end 
was a flat glass plate. When the tube was in- 
tended to contain aqueous fluids, the. plates 
were attached to the caps, and the caps to the 
tube by Canada balsam; when the tube had to 
contain alcohol, ether or essential oils, a thick 
mixture of powdered gum with a little waiter 
was employed as the cement. , 

2195. The general effect produced by this 

form of apparatus may be stated as follows; 
the tube within the long helix (2190) was filked 
with distilled water and placed in the line of tpe 
polarized ray, so that by examination through 
the eye-piece (2160), the image of the lam^ 
flame produced by the ray could be seen through 
it. Then the eyepiece was turned until the im- 
age of the flame disappeared, and, afterwards, 
the current of ten pairs of plates sent through 
the helix; instantly the image of the flame ire- 
appeared, and continued as long as the ewc- 
tric current was passing through the helix; Ion 
stopping the current the image disappeaifed 
The light did not rise up gradually, in 
case of electro-magnets (2170), buf^^ jnstaiAly* 
These results could be pr^uced at pleasurf . In 
this experiment we may, I think, justlyj say 
that a ray of light is electrified and the electric 
forces illuminated. / 

2],96« The phenomena may be made tnoxe 
striking, by tee adjustment of a lens dl loi&g 
focus Mween tee tube and tee polaiitejig mir* 
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Tor, or one of short focus between tiie tube and 
the eye; and where the helix, or the battery, or 
the substance experimented with, is feeble in 
power, such means offer assistance in working 
out the effects: but after a little experience, 
they are easily dispensed with, and are only 
useful as accessories in doubtful cases. 

2197. In cases where the effect is feeble, it is 
more eaialy perceived if the Nichol eyepiece 
be adjusted, not to the perfect extinction of 
the ray, but a little short of or beyond that po- 
sition; so that the image of the flame may be 
but just visible. Then, on the exertion of the 
power of the electric current, the light is either 
increased in intensity, or else diminislied, or 
extinguished, or even re-illuminated on the 
other side of the dark condition ; and this change 
is more easily perceived than if the eye began 
to observe from a state of utter darkness. Such 
a mode of observing also assists in demonstrat- 
ing the rotatory character of the action on 
light; for, if the light be made visible befoi*e- 
hand by tbe motion of the eyepiece in one di- 
rection, and the power of the current be to in- 
crease that light, an instant only suffices, after 
stopping the current, to move the eye-piece in 
the other direction until the light is apparent 
as at fi!*st, and then the power of the current 
will be to diminish it; the tints of the lights be- 
ing affected also at the same time. 

2198. When the current was sent round the 
helix in one direction, the rotation induced up- 
on the ray of light was one way; and when the 
current was changed to the contrary direction, 
the rotation was the other way. In order to ex- 
press the direction, I will assume, as is usually 
done, that the current passes from the zinc 
through the acid to the platinum in the same 
cell (663, 667, 1627) : if such a current pass un- 
der the ray towards the right, upwards on its 
right side, and over the ray towards the left, it 
will give left-handed rotation to it; or, if the 
current pass over the ray to the right, down on 
the right rfde, and under it towards the left, it 
will induce it to rotate to the right-hand. 

2199. The law, therefore, by which an elec- 
tric current acts on a ray of light is easily ex- 
pressed. When an electric current passes round 
a ray of polamed light in a plane perpendicu- 
lar to the ray, it causes the ray to revolve on 
its axis, as long as it is under the influence of 
the current, in the same direction as that in 
which the current is pasring. 

2200. Themaridicity of thislaw, and its iden- 
tity with that given before, as expresmng the 
eetiem of inagnetisin on light (2160), » very 
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beautiful. A model is not wanted to assist the 
memory; but if that already described (2151) 
be looked at, the line round it will express at 
the same time the direction both of the current 
and the rotation. It will indeed do much more; 
for if the cylinder be considered as a piece of 
iron, and not a piece of glass or other diamag- 
netic, placed between the two poles N and S, 
then the line round it will represent the direc- 
tion of the currents, which, according to Am- 
p^re^s theory, are moving round its particles; 
or if it be considered as a core of iron (in place 
of a core of water), having an electric current 
running round it in the direction of the line, it 
will also represent such a magnet as would be 
formed if it were placed between the poles 
whose marks are affixed to its ends. 

2201 . 1 Avill now notice certain points respect- 
ing the degree of this action under different 
circumstances. Ry using a tube of water (2194) 
as long as the helix, but placing it so that more 
or less of the tube prajected at either end of the 
helix, I was able, in some degree, to ascertain 
the effect of length of the diamagnetic, the 
force of the helix and current remaining the 
same. The greater the column of water sub- 
jected to the action of the helix, the greater 
was the rotation of the polarized ray; and the 
amount of rotation seemed to be directly pro- 
portionate to the length of fluid round which 
the electric current passed. 

2202. A short tube of water, or a piece of 
heavy glass, being placed in the axis of 
Woolwich helix (2192), seemed to produceequal 
effect on the ray of light, whether it were in the 
middle of the helix or at either end; provided 
it was always within the helix and in the line of 
the axis. From this it would appear that every 
part of the helix has the same effect; and, that 
by using long helices, substances may be sub- 
mitted to this kind of examination which could 
not be placed in sufficient length between the 
poles of magnets (2150). 

2203. A tube of water as long as the Wool- 
wich helix (2192), but only 0.4 of an inch in 
diameter, was placed in the helix parallel to 
the axis, but sometimes in the axis and sothe- 
times near the side. No apparent difference 
was produced in these different situations; anid 
I am inclined to believe (without bding qtflte 
sure) that the action on the ray is the satne, 
wherever the tube is placed, within the hdbq 
in relation to the axis. Thesame result was ob- 
tained when a larger tube of water was looked 
through, whether the ray passed through tha 
axis of the helix and tube, or near the ' 
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2804. If bodies be Introduced into tito Mix 
{KMsesidng^ naturally^ rotating foreCy then &e 
rotating power given by the dectric current is 
^perinduced upon them, exactly as in the 
cases already described of magnetic action 
(216S, 2187). 

220^. A helix, 20 inches long and 0.3 of an 
hich in diameter, was made of uncovered cop- 
per wire, 0.05 of an inch in diameter, in close 
spirals. This was placed in a large tube of wa- 
ter, so that the fluid, both in the inside and at 
die outside of the helix, could be examined by 
the polarised ray. When the current was sent 
tbr&UQh the helix, the watei* within it received 
rotating power ; but no trace of such an action on 
.the light was seen on the outside of the helix, even 
in the line most close to the uncovered wire. 

2^6. The water was enclosed in brass and 
"copper tubes, but this alteration caused not 
the slightest change in the effect. 

2207. The water in the brass tube was put 
ipto an iron tube, much longer than either the 
Woolwich heUx or the brass tube, and quite 
one-eighth of an inch thick in the side; yet when 
placed in the W^oolwich helix (2192), the water 
rotated the ray of light apparently as well as 
before. 

2208. An iron bar, 1 inch square and longer 
than the helix, was put into the helix, and the 
email water tube (2203) upon it. The water ex- 
erted as much action on the light as before. 

2209. Thi^e iron tubes, each 27 inches long 
and one-eighth of an inch in thickness in the 
akl^, were selected of sudi diameters as to pass 
easily one into the other, and the whole into 
the. Woolwich helix (2192). The smaller one 
WM supplied with glass ends and filled with 
water; and being placed in the axis of the W"oob 
ivieh ^iix, had a ceitain amount of rotating 

over the polarized ray. The second tube 
wiMi.iben placed over this, so that there was 
neWA ti^cknesB of iron equal to two-ei^ths of 
an inch between the water and the helix; the 
.m/beir had more power of rotation than before. 
On idsoiBg the &ird tiibe of iron over the two 
Immer,, the power of tim water /cU, but was 
still vmy ecu^erabie. These results are com-' 
being depend^t on the new omuM.* 
Mm wMch the character of iron gives to its ao- 
on the forces Op to a certam amount, by 
inmeating thedevdopment of magnetic forces, 
; and core, produce inorea^ 

on the water; but on the addition of 
I n^i^iron and the disposalof the forces throcgb 
action is removed in part from the wa- 


2210. Pieces of heayv glass (2151), placed in 
iron tubes in the helices, produced similar ef- 
fects. 

2211. The bodies which were submitted to 
the action of an electric current in a helix, in 
the manner already described, were as follows : 
heavy glass (2151, 2176), water, solution of 
sulphate of soda, solution of tartaric acid, al- 
cohol, ether, and oil of turpentine; all of which 
were affected, and acted on light exactly in the 
manner described in relation to magnetic ac- 
tion (2173). 

2212. 1 submitted air to the mfluence of t^ese 
helices carefully and anxiously, but couldljnot 
discover any trace of action on the polarmed 
ray of light. I put the long helix (2190) into l^e 
other two (2191, 2192), and combined theinIS'U 
into one consistent series, so as to accumulate 
power, but could not observe any effect o!f 
them on light passing through air. 

2213. In the use of helices, it is necessary to 
be aware of one effect, which might otherwise 
cause confusion and trouble. At first, the wire 
of the long helix (2190) was wound directly up- 
on the thin glass tube which served to contain 
the fiuid. When the electric current passed 
through the helix it raised the temperature of 
the metal, and that gradually raised the tem- 
perature of the glass and the film of water in 
contact with it, and so the cylinder of water, 
warmer at its surface than its axis, acted as a 
lens, gathering and sending rays of light to the 
eye, and continuing to act for a time after the 
current was stopp^. By separating the tube 
of water from the helix, and by other precau- 
tions, this source of confusion is easily avoided. 

2214. Another point of which the experi- 
menter should be aware is the difficulty, and 
almost impossibility, of obtaining a piece of 
glass which, especially after it is cut, does not 
depolarize light. W^en it does depolarize, dif- 
ference of position makes an immense differ- 
ence in the appearance. By always referring to 
the parts tiiat do not depolarize, as the black 
cross, for instance, and by brining the eye as 
near as xnay be to the glass, ihb difficulty is 
more or less overcome. 

2215. For the sake of suppl^wg a g^eral in- 

dication of the amount of this indued rotating 
force in two or three bodies, and without any 
pretence of ollerkg correct numbeis, I wffi 
give, generally, the result of a few attempts to 
measure the, force, and eompare it wilk the 
natural povm of oi oil of Inrpen^ 

tine. A voty pewerfol eiectiimnag^ 
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plo^redi with % mutonl ilurtaiioe brilweiBh its 
poles 2^ indies. In this iq^aee wins {daoed 
different substanees; the amount of rotation of 
the eyepiece observed several times and the 
average taken, as expressing the rotation for 
the ray length of sutetance used. But as the 
substances were of diff^nt dimensions, the 
ray lengths were, by calculation, corrected to 
one standard len^h, upon the assumption that 
the power was proportionate to this length 
(2163). The oil of turpentine was of course ob- 
served in its natural state, i.e., without mag* 
netic action. Making water 1, the numbers 
were as follows: 

Oil of turpentine . . 11.8 

Heavy glass (2151) . 6.0 

Flint-glass .... 2.8 

Rock-salt .... 2.2 

Water 1.0 

Alcohol less than water 

Ether less than alcohol 

2216. In relation to the action of magnetic 
and electric forces on light, I consider, that to 
know the conditions under which there is no 
apparent action, is to add to our knowledge of 
their mutual relations; and will, therefore, very 
briefly state how I have lately combined these 
forces, obtaining no apparent result (955)* 

2217. Heavy glass,' flint-glass, rock crystal, 
Iceland spar, oil of turpentine, and air, had a 
polarized ray passed through them; and, at the 
same time, lines of electro-static tension (2149) 
were, by means of coatings, the Leyden jar, 
and the electric machine, directed across the 
bodies, parallel to the polarized ray, and per- 
pendicular to it, both in and across the plane 
of polarization; but without any visible effect. 
The tension of a rapidly recurring, induced sec- 
ondary current, was also directed upon the 
same bodies and upon water (as an electrolyte), 
but with the same negative result. 

2218. A polarized ray, powerful magnetic 
lines of force, and the electric lines of force 
(2149) just described, were combined in var- 
ious directions in their action cm heavy g^ass 
(2151, 2176), but with no other result than 
tiiat due to th^ mutual action of the magnetic 
lines of ligjht, already described in this paper. 

2219. A polarised ray and eleotrip cufients 
were oombhied m every possible way in .etec- 
trolytes (951-954). The substances used were 
distilled water, solution of sugar, .dilute sul^ 
phuric acid, solution of sulphate oLsoda, umng 
plathuon eleet^eS; ami solutioil of auli^te 
^ copper, U8ii%;oo{:g}er«lectitKM 

was 8^ idong the ray/snd perpendSeutoflo it 
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er; tWriO^ was xnlule to mtate, by altering ^ 
position of the pedarising mirror, thatihe plane 
of pedarisation might be varied; the current 
was used as a continuous current, as a rapidly 
intermitting current, and as a rapidly altesi> 
nating double current of induction; but in no 
case was any trace of action perceived. 

2220. Lastly, a ray of polarised light, elec- 
tric currents, and magnetic lines of force, were 
directed in every possible way through dilute 
sulphuric acid and solution of sulphate of soda, 
but still With negative results, except in those 
positions where the phenomena already de- 
scribed were produced. In one arrangement, 
the current passed in the direction of radii from 
a central to a circumferential electrode, the 
contrary magnetic poles being placed above 
and below; and the arrangements were so good 
that when the electric current was passing, the 
fluid rapidly rotated; but a polarii^ ray sent 
horizontally across this arrangement was not 
at all affected. Also, when the ray was sent 
vertically through it, and the eye-piece moved 
to correspond to the rotation impressed upon 
the ray in this position by the magnetic curves 
alone, the superinduction of the passage of the 
electric current made not the least differeace 
in the effect upon the ray. 

f iii. General Cmmderatums 

2221. Thus is established, I think for the. 
first time,^ a true, direct relation and depend^ 
ence between light and the magnetic and 

trie forces; and thus a great addition mode to 
the facts and considerations which tend to prove 
that fdl natural forces are tied together, ami 
have one common origin (2146) . It is, no doubt, 
difficult in the present state of our Imowledge 
to express our expectation in exact terms; and, 
though I have said that another of the poweii . 

1 1 sav, for the first time, bewi'Uae I do not think 
that the experiments of Morririiini on the prodiiil^ 
don of magnetism by the rays at the violet end 
the speetnun prove any such relation. When ki 
Rome with 8ir H. Davy in the month of May 1814, 

1 spent several hours at the house of Morriefaiai, 
working with his apparatus and- under his direetiOsia, 
but could not succeed in magnetiaing a needle, I 
have no eoUfidenoe in the effect aa a direet result of 
the action of the sun's rays; but think that it , 
h^ Oeeurred ft has been secondary, incidentMvaK' . 
perhaps, even accidental; a result that oMhi wiR 
happen a needle that was prCserv^ dut^ngllkl' ' 

whole experhpent in a north and aoutih poSitiim.-. •< , 

January 2, 1846. I should not have written 
the first tune** as above, if I had remembered lib; 
Christie's experiments and papers on the 'Tnfluenoe 
of the Solar Bays on Magnets," comiiwmicated in 
t^ PhSlotophim liantadmriM for iSfifi, p. 219, imd 
1828, p. 879.— M. F. 



m FABADAT^ Bmim XiX 


of future iSy in tiiese experiments^ directly re* 
lated toihe rest, i ought, perhaps, rather tosay 
that another form of the great power is die* 
tinctiy and directly related to the other forms; 
OT» the great power manifested by parties 
ular phenomena in particular forms, is here 
further identified and recognized, by the direct 
relation of its form of light to its forms of eleo 
tricity and magnetism. 

2222. The relation existing between polarized 
light and magnetism and electricity, is even 
more interesting than if it had been shown to 
exist with common light only. It cannot but 
extend to common light; and, as it belongs to 
light made, in a certain respect, more precise 
in its character and properties by polarization, 
it collates and connects it with these powers, 
in that duality of character which they pos- 
sess, and yields an opening, which before was 
wanting to us, for the appliance of these pow- 
ers to the investigation of the nature of this 
and other radiant agencies. 

2223. Referring to the conventional distinc- 
tion before made (2149), it may be again stated 
that it is the magnetic lines of force only which 
are effectual on the rays of light, and they only 
(in appearance) when parallel to the ray of 
light, or as they tend to parallelism with it. As, 
in reference to matter not magnetic after the 
manner of iron, the phenomena of electric in- 
duction and electrolyzation show a vast su- 
periority in the energy with which electric 
forces can act as compared to magnetic forces, 
so here, in another direction and in the peculiar 
and correspondent effects which belong to mag- 
netic forces, they are ^own, in turn, to possess 
great superiority, and to have their full equiv- 
alent of action on the sanie kind of matter. 

2224. The magnetic forces do not act on the 
my of light directly and without the interven- 
tion of matter, but through the mediation of 
the substance in which they and the ray have a 
timultanecais existence; the substances and the 
forces giving to and receiving from each other 
the power of acting on the light. This is shown 
by tiie non-action of a vacuum, of air or gases; 
aid it is also further shown by the special de- 
gree in which diifemnt matters possess the 
IKToperty. That magnetic force acts upon the 
my of li^t al^ys with the same character of 
manner and in the same direction, independ-* 
enli of the (fifferent varieties of substance, or 

states, of solid or liquid, or their specific 
I^^Mve force (2232), shows that the ma^etfo 
lime imd lyit h^ve^g direct relation: 

substances are hecesmy, and that these 


act in different degmes,. tiiows that the magr 
netism and the light acton each other throii^ 
the intervention of the matter. 

2225. Recognizing or perceiving malter only 
by its powers, and Imowing nothing of any im- 
aginary nucleus, abstract from the idea of these 
powers^ the phenomena described in this paper 
much stren^en my inclination to trust in the 
views I have on a former occasion advanced in 
reference to its nature.^ 

2226. It cannot be doubted that the mag- 
netic forces act upon and affect the internal 
constitution of the diamagnetic, just as freely 
in the dark as '\^en a ray of light is passing 
through it ; though the phenomena produced Jiy 
light seem, as yet, to jpresent the only means\^f 
observing this constitution and the chan^^. 
Further, any such change as this must belong 
to opaque bodies, such as wood, stone, and 
metal; for as diamagnetics, there is no distinc- 
tion between them and those which are trans- 
parent. The degree of transparency can at the 
utmost, in this respect, only make a distinction 
between the individuals of a class. 

2227. If the magnetic forces had made these 
bodies magnets, we could, by light, have exam- 
ined a transparent magnet; and that would 
have been a great help to our investigation of 
the forces of matter. But it does not make them 
magnets (2171), and therefore the molecular 
condition of these bodies, when in the state de- 
scribed, must be specifically distinct from that 
of magnetized iron, or other such matter, and 
must be a new magnetic condition; and as the 
condition is a state of tension (manifested by 
its instantaneous return to the normal state 
when the magnetic induction is removed), so 
the/pfce which the matter in this state possesses 
and its mode of action, must be to us a new 
magnetic force or mode of action of matter. 

2228. For it is impossible, I think, to observe 
and see the action of magnetic forces, rising in 
intensity, upon a piece of heavy glass or a tube 
of water, without also perceiving that the latter 
acquire properties which are not only new to 
the substance, but are also in subjection to very 
definite and precise laws (2160, 2196), and are 
equivalent'in proportion to the magnetic forces 
producing them. 

2229. Perhaps this state is a state of eiedrk 
tendon tending to a current; as in magnets, ac- 
cording to Ampere’s theory, the state is a state 
o| current When a core of iron is put into a 
helix, everything leads us to believe tiiatcur- 
rentsofdekrieityftreprodueed within it, which 

p. eao-ett . 
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rotate or move in a plane perpendicular to the 
axis of the helix. If a diamagnetic be placed in 
the same position^ it acquires power to make 
li^t rotate in the same plane. The state it has 
received is a state of tension^ but it has not 
passed on into currents, though the acting 
force and every other circumstance and condi- 
tion are the same as those which do produce 
currents in iron, nickel, cobalt, and such other 
matters as are fitted to receive them. Hence 
the idea that there exists in diamagnetics, un- 
der such circumstances, a tendency to currents, 
is consistent with all the phenomena as yet de- 
scribed, and is further strengthened by the 
fact, that, leaving the loadstone or the electric 
current, which by inductive action is rendering 
a piece of iron, nickel, or cobalt magnetic, per- 
fectly unchanged, a mere change of temperar 
ture will take from these bodies their extra 
power, and make them pass into the common 
class of diamagnetics. 

2230. The present is, I believe, the first time 
that the molecular condition of a body, re- 
quired to produce the circular polarization of 
light, has been artificially given ; and it is there- 
fore very interesting to consider this known 
state and condition of the body, comparing it 
with the relatively unknown state of those 
which possess the power naturally: especially 
as some of the latter rotate to the right-hand 
and others to the left; and, as in the cases of 
quartz and oil of turpentine, the same body 
chemically speaking, being in the latter in- 
stance a liquid with particles free to move, pre- 
sents different specimens, some rotating one 
way and some the other, 

2231. At first one would be inclined to con- 
clude that the natural state and the state con- 
ferred by magnetic and electric forces must be 
the same, since the effect is the same; but on 
further consideration it seems very difficult to 
come to such a conclusion. Oil of turpentine 
will rotate a ray of light, the power depending 
upon its particles and not upon the arrange- 
ment of the mass. Whichever way a ray of po- 
larized light passes through this fluid, it is ro- 
tated in the same manner; and rays passing in 
every possible direction through it nmultam- 
^ly are all rotated with equal force and ac- 
cording to one common law of direction; i.e., 
either all right-handed or else all to the left. 
Not so with the rotation superinduced on the 

oil of turpentine by the magnetic or dec* 
Meforc^: it exists only in one direction, 

^ a plane peipendtioular to the magnetic line; 


and being limited to this plane, it can be 
changed in direction by a reversal of the direo* 
tibn of the inducing force. The direction of 
rotation produced by the natural state is ocm- 
nected invariably with the direction of the ray 
of light; but the power to produce it appears to 
be possessed in every direction and at ail times 
by the particles of the fluid: the direction of 
the rotation produced by the induced condi- 
tion is connected invariably with the direction 
of the magnetic line or the electric current, and 
the condition is possessed by the particle of 
matter, but strictly limited by the line or the 
current, changing and disappearing with it. 

2232. Let m, in Fig, 3^ represent a glass ccU 
filled with oil of turpentine, possessing natural*- 
ly the power of producing right-hand rotation, 
and a 6 a polarized ray of light. If the ray pro- 
ceed from a to 6, and 



/ 

/ Fig. 3 
the direction indii 


the eye be placed at 
6, the rotation will 
be right-handed, or 
according to the di- 
rection expressed by 
the arrow-heads on 
the circle c; if the 
ray proceed from b 
to a, and the eye be 
plac^ at a, the rota- 
tion will still beright- 
handed to the obser^ 
ver, i.e., according to 
on the circle d. Let now 


an electric current pass round the oil of tur- 
pentine in the direction indicated on the circle 
c, or magnetic poles be placed so as to produce 
the same effect (2155); the particles will ac- 
quire a further rotative force (which no mo- 
tion amongst themselves will disturb), and a 
ray coming from a to 6 will be seen by an eye 
placed at b to rotate to the right-hand more 
than before, or in the direction on the circle c; 
but pass a ray from 6 to a, and observe with 
the eye at a, and the phenomenon is no longer 
the same as before; for instead of the new rota- 
tion being according to the direction indicated 
on the circle d, it will be in the contrary dirCo- 
tion, or to the observer’s left-hand (2199). In 
fact the induced rotation will be added to the 


natural rotation as respects a ray pasdng frdia 
a tb 5, but it will be subtracted from tim nat- 
ural rotation as regards the ray passing fre^ b 
to a. Renee the particles of thb fluid ri^ 

tate by virtue of their natural foit^, and'^oee 
whi<^ rotate by virtt^ of the indufM^ 
cannot be in the same condition. ^ ^ ^ 




m mMmxr\ mm ms 


.'2233. Afi Jnei^ts th^poit^of tuiv 

^iteiljite to roitate a ray in whatem diredjon it 
is passinit throu^ the liquid^ it may well be 
that tho^ all the particles possess the power 
of rotating the li^t, only those whose planes 
of rotation are more or less perpendicular to 
the ray affect it; and that it is the resultant or 
sum of forces in any one direction which is ac- 
tive in producing rotation. But even then a 
striking difference remains, because the result- 
ant in the same plane is not absolute in direc- 
tion, but rdative to the course of the ray, being 
in the one case as the circle c, and in the other 
as the circle d, Fig. 3; whereas the resultant of 
the magnetic or dectric induction is absolute, 
and not changbg with the course of the ray, 
being always either as expressed by c or else as 
indicated by d. 

2234. All these differences, however, will 
doubtless disappear or come into harmony as 
ti^ese investigations are extended; and their 
very existence opens so many paths, by which 
we may pursue our inquiries, more and more 
deeply, into the powers and constitution of 
matter. 

Bodies having rotating power of them- 
selves, do not seem by that to have a greater 
or a less tendency to assume a further degree of 
the same force under the influence of magnetic 
or electric povrer. 

2236, Were it not for these and other differ- 
we might see an analogy between those 
bodies, which possess at all times the rotating 
power, as a specimen of quartz which rotates 
only in one plane, and also thooe to which the 
power is given by the induction of other forces, 
m a prism of heavy glass in a helix, on the one 
banMl; andt on the other, a natural magnet and 
a ii^ix tluough which the current is passing. 
ThenaturaLconditionof the magnet and quarts, 
and the constrained condition of the helix and 
heavy glass, form the link of the analogy in one 
direction; whilst the suppositicm of cuir^ts 
masting in the magnet W helix, and only a 
tendenoy or tension to currents existing in the 
qiaaa:ts and heavy i^ass, supplies the link in the 
transverse dtrectkwu 

, 2237. As to those bodies vdiich seem as yet 
to give no iadksatkm of the power over li|^t, 
and thet^me none of the assumption of tiie 
new magnetic^ conditions, these may be dtvid<^ 
v ^edi^to two<das8^ the oneinduding air, gases 
vapome* and the other wck crystal, Ice- 
;; and eeitam other orystalUne bodies. 

the latter daes, 1 diall i^ye, in tiie 
series of time ressiwobesi proofs drawn 


from phmnmma olran mitiidy dsBei^^^l^ 
that they do acquire the new magnetic eondi^ 
tion; and these hemg so disposed of for the mo- 
ment, 1 am inclined to b^eve that even loir 
and gaSes have the power to assume the pecu- 
liar state, and even to affect light, but in a de- 
gree so smril that as yet it has not been made 
sensible. Still the gaseous state is such a re- 
markable condition of matter, that we ought 
not too hastily to assume that the substances 
which, in the solid and liquid state, possess 
properties even general in character, always 
carry these inljo^their gaseous condition, i; 

2238. Rock-salt, fluor-spar, and, 1 thi|hk, 
alum, affect the ray of light; the other crysiys 
experimented uith did not; these are equia^^W 
and singly refracting, the others are uneqiii- 
axed and doubly refracting. Perhaps these ih- 
stances, with tliat of the rotation of quartz; 
may even now indicate a relation between mag- 
netism, electricity, and the crystallizing forces 
of matter. 

2239. All bodies are affected by helices as by 
magnets, and according to laws which show 
that the causes of the action are identical as 
well as the effects. This result supplies another 
fine proof in favour of the identity of helices 
and magnets, according to the views of Am- 
p6rc. 

2240. The theory of static induction which I 
formerly ventured to set forth (1161, &c.),and 
which depends upon the action of the contig- 
uous particles of the dielectric intervening be- 
tween the inductric and the inducteous bodies, 
led me to expect that the same kind of depend- 
ence upon the intervening particles would be 
found to exist in magnetic action; and I pub- 
lished certain experiments and considerations 
on this point seven years ago (1709-1736). I 
could not then discover any peculiar condition 
of the intervening substance or diamagnetic; 
butnow that I have been able to make out such 
a state, which is not only a state of tension 
(2227), but dependent entiiriy upon the mag- 
netic lines which pass through the substance, I 
am more than ever encouraged to believe that 
the view then advanced is correct. 

1^1. Although the magnetic and el^rio 
forcesappear to exert no power on the ordinary 
or on the depolarized ray of light, we can hard- 
ly doubt but that they have some q^edal 
enee, which probably will soon be made appar- 
ent by experiment. Neither can it be Suppowd 
otbenrise than same Mnd crf aotioa 

ahonld tsJee place on tbeothar forms of radieht 
ageotsaabf^ a, >1 > 
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tioa, ftid l^pheBQOmis preauited tt, wiB, 
I hope, $«atljr aaost hereaftw in the investigi^ 
ti(Hi of the nature of transparent bodies, ot 
li^t, of nu^ets^ and their aetion one on an* 
o^er or on macpietie substanoes. I am at tiiis 
time engaged in investigating the new mag* 
netic ocmdition, and shall shortly send a fur* 
ther account of it to the Royal Society. Waa/b 
tiie possible effect of the force may be in the 
eartjk as a whole or in magnets, or in rdation to 


tile sHa,vai^ what laqr he tiie beiA means of 
caui^ ^t to evotvei^ctridty anti.mapiat^ 
isia, are titoughts o<mtbiually preasing upon 
the mind; but it will be better to occupy toth 
^e and thou^t, aided by experiment, in ti» 
investigation and development of real tou^ 
than to use them in tire invention of supposi* 
turns which may or may not be fcamdnl rm, or 
oonostent with, fact. 

Boydl InslituUon, 00. 29, 1845 


TWENTIETH SERIES^ 


§ 27. On New Magnetic Actione, and on the Magnetic Condition of 
AU Matter^ If L Apparatus Required ^ ii. Actum of Magnets on 
Heavy Glass ^ iii. Action of Magnets on Other Substances AcHng 
Magnetically on Light If iv. Action of Magnets on Metals Generally 
Rscbivso Dbcehbbr 6, Read December 18, 1845 


2243. The contents of the last Series of these 
Rmarehes were, I think, sufficient to justify 


e 


> Philoaophieal Tranaaetionat 1846, p. 21. 

* My friend Mr. Wheatetone has this day called 
my attention to a paper by M. Beequerel, ^*On the 
magnetic actions excited in all bodies by the influ- 
ence of very energetic magnets,’* read to Uie Acad- 
emy of Sciences on the 27w of September 1827, and 
'published in the Annalea de Chimie, XXXVI, p. 337. 
t relates to the action of the magnet on a magnetic 
needle, on soft iron, on the deutozide and tritoxide 
of iron, on the tritoxide alone, and on a needle of 
wood. The author observed, and Quotes Coulomb as 
having also observed, that a needle of wood under 
certain conditions, pointed aeroaa the magnetic 
prves; and he also states the striking fact that he 
had found a needle of wood place itself parallel to 
the wires of a galvanometer. These effects, however, 
he refers to a decree of magnetism less than that of 
the tritoxide of iron, but the same in character, for 
the bodies take the same position The polari^ of 
steel and iron is stated to be in the direction of the 
length of the substance, but that of tritoxide of iron, 
wood and imm-lao, most frequently in the direction 
of the width, and cuways when one magnetic pole is 
employed. **ThiB difference of effect, which estab- 
lishes a line of demarcation between these two species 
of phenomena, is due to this, that the majgnetism be- 
ing very feeble in the tritoxide of iron, wood, dec., we 
inay neglect the reaction of the body on itself, and 
therefore the direct aotioii of the bar ought to over- 
rule it.” 

As the paper does not refer the phenomena of 
wood and gum-lac to an elementary repulsive action, 
Apr show they are eommon to amteotenesolass 
of bodies, nor distinguiitii this class, which I have 
called diamsimotic, from the magnetic class: and, as 
It makes aU rhagwetkl action of one kind, WhmreM I 
;how that there are twp kjnds^ such act|o&» as^ 
^ct, from ea<^ other as positive and negative elee- 
lustion aie in tii^npay. so X do 
{Her a word or thedfttsof timt whiidi 
but am meat iM here to acknowledge.M^ Beoq^ 
rel s important Acts and labours in reference to .this 
cwbjeeti^ldL F. Deo. 6. ISti. 


the statement, that a new magnetic condition 
(i.e., one new to our knowledge) had been im- 
pressed on matter by subjecting it to the ac- 
tion of magnetic and electric forces (2227); 
which new condition was made manifest 
tile powers of action which the matter had ao^ 
quired over light. The phenomena now to be 
described are altogether different in their lUP* 
ture; and they prove, not only a magnetic con- 
dition of the substanoes referred to unknown 
to us before, but also of many others, induding 
a vast number of opaque and metallic bodid^ 
and perhaps all except tiie magnetic metals and 
their compounds: and they also^ tbrou^ tiiat 
cemdition, present us with the means of und^ 
taking the correlation of magnetic phencan- 
ena, and perhaps the construction of a the^ 
of general magnetic action founded on snnpte 
fundamental principles. 

2244, The whole matter is so new, and tirb. 
phmiomena so varied and general, that I mus^ 
with every <fosire to be brief, desenbe mbdh 


which at last will be found to concentrate 
der simple principles of action. Still; 
present state of oUr knowledge, sudi isthe^d^:; 
method by which 1 can make these 
and tbw results sufficientiy manifeti. > 

.-M*. - 

f L AppairaiUB Required 
2245. The effects to be described 
xnagsetfe ai^paratos great poweTy 1 ^ 

periBCt eoxiimaiid. Both the^ pda^ 
taiaed by the use cl eleetacocsia^^ 
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em be raised to a degm^ of loroe far beyond 
tiiat of natural or ste^ magnets; and further, 
ean be suddenly altogether deprived of power, 
or made energetic to the highest degree, with- 
out the slightest alteration of the arrangement, 
or of any other circumstance belonging to an 
e?^riment. 

2246. One of the electro-magnets which I use 
is that already described under the term Wooi«> 
wich helix (2192). The soft iron core belonging 
to it is 28 inches in length and 2.5 inches in di- 
ameter. When thrown into action by ten pair 
of Grove's plates, either end will sustain one or 
two half-hundred weights hanging to it. The 
magnet can be placed either in the vertical dr 
the horizontal position. The iron core is a cyl- 
inder with flat ends, but 1 have had a cone of 
iron made, 2 inches in diameter at the base and 

* 1 inch in height^ and this placed at the end of 
the core, forms a conical termination to it, 
when required. 

2247. Another magnet which I have had 
made has the horseshoe form. The bar of iron 
is 46 inches in length and 3.75 inches in diam- 
eter, and is so bent that the extremities form- 
ing the poles are 6 inches from each other; 522 
feet of copper wire 0.17 of an inch in diameter, 
and covered with tape, are wound round the 
two straight parts of the bar, forming two coils 
on these parts, each 16 inches in length, and 
composed of three layers of wire: the poles are, 
of oourse, 6 inches apart, the ends are planed 
true, and against these move two short bars of 
soft iron, 7 inches long and 23^ by 1 inch thick, 
which can be adjusted by screws, and held at 
any distance less than 6 inches from each other. 
The ^ds of these bars form the opposite pdes 
of contrary name; the magnetic field between 
them can be made of greater or smaller extent 
and the intensity of the lines of magnetic force 
be pjroportionately varied. 

2248* For the suspension of substances he^ 
tween and near the poles of these magnets, I 
occasionally used a glass jar, with a (plate and 
sliding wire at the top* Six or eight lengths of 
cocoon silk being equ^y stretched, wei'e made 
into one thread and attached, at the upper end^ 
to the sliding rod, and at the lower end to a 
stinnip of paper, in which anything to bO ext 
peiimentod on could be sustained. ^ 

2249. Another very useful mode of suspen- 
sion was to attach ons end of a fine thrSedv 4 
^lsailong,to an adjustable arm near the cdttng 
^:#^e mm» and terminating at iQie lower end 
dag of eqpper wire; any suhstsaice 
tolbosuspeoded couikl be held in a simple cradka 


of fine Go^er wire having 8 or 10 inches of the 
wire prolonged upward; this being bent into a 
hook at the superior extremity, gave the means 
of attachment to the ring. The height of the 
suspended substance could be varied at pleas^- 
ure, by bending any part of the wire at the in- 
stant into the hook form. A glass cylinder 
placed between the magnetic poles was quite 
sufficient to keep the suspended substance free 
from any motion, due to the agitation of the air. 

2250. It is necessary, before entering upon 
an experimental investigation with such an ap- 
paratus, to bq^are of the effect of any n|Lag- 
netism which the bodies used may possess ;\the 
power df the apparatus to make manifest sljjtch 
magnetism is so great, that it is difficult \bn 
that account to find writing-paper fit for the 
stirrup above mentioned. Before therefore any 
experiments are instituted, it. must be ascer- 
tained that the suspending apparatus employ- 
ed does not point, i.e., does not take up a posi- 
tion parallel to the lines joining the magnetic 
poles, by virtue of the magnetic force. When 
copper suspensions are employed, a peculiar 
effect is produced (2309), but when understood, 
as it will be hereafter, it does not interfere with 
the results of experiment. The wire should be 
fine, not magnetic as iron, and the form of the 
suspending cradle should not be elongated hor- 
izontally, but be round or square as to its gen- 
eral dimensions, in that direction. 

2251. The substances to be experimented 
with should be carefully examined, and rejected 
if not found free from magnetism. Their state 
is easily ascertained ; for, if magnetic, they will 
either be attracted to the one or the other pole 
of the great magnet, or else point between 
them. No examination by smaller magnets; or 
by a magnetic needle, is sufficient for this pur- 
pose. 
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2252. 1 ehall have such frequent ooca^n to 
refer to two chief directions of position acrpflM 
the magnetic field, that to avoid periphrasis, I 
will here ask leave to use a term or two, eondi: 
tipmdly. One of these directions is tha^'lroim 
pole to pole, or along the line of magnerie force; 
i; iiriU,0aU it the gjewi direction: the Other hi thp 
direction p^pendicular to thia, and across^ 
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line of magnetic force; and for the time/iind as 
respects the space betiiveen the poles, I wiU call 
it the BqiiaUyrial direction. Other terms that I 
may use, I hope will explain themselves. 

f ii, AiMon of Magnets on Heavy Glass 

2253. The bar of siiicated borate of lead, or 
heavy glass already described as the substance 
in which magnetic forces were first made ef- 
fectually to bear on a ray of li^t (2152), and 
which is 2 inches long, and about 0.5 of an inch 
wide and thick, was suspended centrally be- 
tween the magnetic poles (2247), and left until 
the effect of torsion was over. The magnet wjis 
then thrown into action by making contact at 
the voltaic battery; Immediately the bar mov- 
ed, turning round its point of suspenision, into 
a position across the magnetic curve or line of 
force, and after a few vibrations took up its 
place of rest there. On being displaced by hand 
from this position, it returned to it, and this 
occurred many times in succession. 

2254. Either end of the bar indifferently went 
to either side of the axial line. The determining 
circumstance was simply inclination of the bar 
one way or the other to the axial line, at the 
beginning of the experiment. If a particular or 
marked end of the bar were on one side of tlie 
dnagnotic, or axial line, when the magnet was 
rendered active that end went farther out- 
wards, until the bar had taken up the equa- 
torial position. 

2255. Neither did any change in the nmg- 
iietism of the poles, by change in the direction 
of the electric current, cause any difference in 
this respect. The bar went by the shortest course 
to the equatorial position. 

2256. The power which urged the bar into 
this position was so thoroughly under , com- 
mand that if the bar were swinging it could 
easily be hastened in its course into this posi- 
tion, or arrested as it was passing from it, by 
seasonable contacts at the voltaic battery. 

2257. There are two positions of equilibrium 
for the bar; one stable, the other unstable. 

in the direction of the axis or magnetic 
line of force, the completion of the electric com- 
munication causes no change of place; but if it 
be the least oblique to this position, then the 
•obliquity increases until the bar arrives at, the 
equatorial position; or if the bar be origin^ly 
in the equatorial position, then the magnetism 
causes no further changes, but retains it there 
< 2288 , 2299 , 2384 ). 

22 £$. , Here th^ we have a ma^etac bar 
points east and weat^ in rdationtanor^ 


and south poles, i.e„ pmnts perpendicularly to 
the lines of magnetic force. 

2259. II the bar be adjusted so that its point 
of suspension, being in the axial line, is not 
equidistant from the poles, but near to one of 
them, then the magnetism again makes the bar 
take up a position perpendicular to the mag- 
netic lines of force; either end of the bar being 
on the one side of the axial line, or the other, at 
pleasure. But at the same time there is another 
effect, for at the moment of completing the 
electric contact, the centre of gravity of the 
bar recedes from the pole and remains repelled 
from it as long as the magnet is retained ex- 
cited. On allowing the magnetism to pass away, 
tJie bar returns to the place due to it by its 
gravity. 

2260. Precisely the same effect takes place 
at the oilier pole of the magnet. Either of them 
is able to repel the bar, whatever its positioii 
may be, and at the same time the bar is made 
to assume a position, at right angles, to Ibe 
line of magnetic force. 

2261. If the bar be equidistant from the two 
poles, and in the axial line, then no repulsive 
effect is or can be observed. 

2262. But preserving the point of suspension 
in the equatorial line, i.e., equidistant from tbe 
two poles, and removing it a little on one side 
or the other of the axial line (2252), then an- 
other effect is brought forth. The bar points as 
liefore across the magnetic line of force, but at 
the same time it recedes from the axial line, in- 
cieasing its distance from it, and this new posi- 
tion is retained as long as the magnetism con- 
tinues, and is quitted with its cessation. , 

2263. Instead of two magnetic poles, a single 
pole may be used, and that either in a vertical 
or a horizontal position. The effects are in per- 
fect accordance with those described above; 
for the bar, when near the pole, is repelled fro^ 
it in the direction of the line of magnetic force, 
and at the same time it moves into a position 
,perpeadieular to the direction of the magnet 
tines passing through it. When the magnet is 
vertied (2246) and the bar by its ride, this 
tion makes the bar a tangent to the curve 
its surface. 

2264. To produce these effects, of poipripg 
across the magnetic curves, the form of tte 
heavy glass must be long; a cube, or a fragine^t 
approaching roundness in form, will notipc^rit, 
but a long piece will. Two or three npr^ed 
pieces or cubes, placed side by ride in a 

so as to form an oUemg 
will also point. v. , 
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; 38W* however, of any fotm, m 

replied: so if two i^ces be hung up at once ih 
flte axial fine, one near each pole, they are re« 
peBed by their respective poles, and approach, 
seeming to attract each other. Or if two lueces 
be hung up in the equatorial line, one on eatdi 
fiide of the axis, then they both re^e from the 
axis, seeming to repel each other. 

2^. From the little that has been siud, it is 
evident that the bar presents in its moticm a 
complicated result of the force exerted by the 
ma^etic power over the heavy glass, and that, 
when or spheres are employed, a much 
Ampler indication of the effect may be ob- 
taii^. Accordingly, when a cube was thus 
used with the two poles, the effect was repuh 
sion or recession from either pole, and also re- 
oesskm from &e magnetic axis on either side. 

2267. So, the indicating particle would move, 
itither along tiie magnetic curves, or across 
tibem; and it would do this either in one direc- 
tibn or the other; the only constant point be- 
ing, that its tendency was to move from strong- 
er to we^dcer places of magnetic force. 

2268. This appeared much more simply in 
the case of a single magnetic pole, for then the 
tendency of the indicating cube or sphere was 
16 move outwards, in the direction of the mag- 
netic lines of force. The appearance was re- 
markably like a case of weak electric repulsion. 

2269. The cause of the pointing of the bar, or 
oblong arrangement of the heavy glass, is 

now evident. It is merely a result of the tend- 
ency of the particles to move outwards, or in- 
to the positions of weakest magnetic action. 
The joint exertion of the action of all the parti- 
brings tiie mass into the position, which, 
^by experiment, is found to belong to it. 

2270. When one or two magnetic poles are 
aiefiye at once, the courses described % parti- 
des of heavy glass free to move, form a set of 
lines or eurves, vdiich I may have occasion 
hereafter to tder to; and as I have called air, 
gito, water, &c., diamagnetic (2149), so I wifi 
distingutsh these lines by the teimdiamagnetfe 
dariiee, bot& in rdatimi to, and cmitradistmo- 
tion frbm, tbfe lines eafied magnetic curves. 

2271. \^en the bar of heavy glass is im- 
inawed m water, alce^, or ether, contained in 
wireeeei between thepolo^ all the preceding ef- 
Jide^our; the bar points mid the cube reeves 

in the same manner as in air. 

The effects equally oebur in vessels cff 
stone, eai^, ccq^; kadi silv^, or any 
substances vdiikli'bbteng to dia- 
maipietic olaBi (2149). 


2278. 1 Imve obtained 4^ same equatorial 
direction and motioieoftiie heavy glass bar as 
tiiose just described, but in a very feeble de- 
gree, by the use' of a good common steel horse- 
shoe magnet (2157). I have not obtained them 
by the use of the helices (2191, 2192) without 
the iron cores. 

2274. Here ther^ore we have magnetic re^ 
pulrion without polarity, i.e., without refer- 
ence to a particular pole of the magnet, for 
either pole will repel the substance, and both 
poles will repel it at once (2262). The heavy 
glass, though subject to magnetic action, ckn- 
not be considered as magnetic, in the usuai|fte- 
eeptation of that term, or as iron, nickel, 
bait, and their compounds. It presents to ^s, 
under these circumstances, a magnetic pro^ 
erty new to our knowledge; and though the 
phenomena are very different in their nature 
and character to those pi'esented by the action 
of the heavy ^ass on light (2152), still they ap- 
pear to be dependent on, or connected with, 
the same condition of the glass as made it then 
effective, and therefore, with those phenom- 
ena, prove the reality of this new condition. 

f iii. Action c/ Magnets on Other Substances 
Ading Magnetically on Light 

2275. We may now pass from heavy glass to 
the examination of the other substances, which 
when under the power of magnetic or electric 
forces, are able to affect and rotate a polarized 
ray (2173), and may also easily extend the in- 
vestigation to bodies which, from their irreg- 
ularity of form, imperfect transparency, or ac- 
tual opacity, could not be examined by a po- 
larized ray, for here we have no difficulty in the 
application of the test to all such substanoes. 

2276. The property of being thus repelled 
and affected by magnetic poles was soon found 
not to be peculiar to heavy glass. Borate of 
lead, flint-glass, and crown-glass set in tiie same 
manner equatorially, and were repelled when 
near to the poles, though not to the same de- 
gree as the heavy glass^ 

2277. Amongst substances which could not 
be subjected to the exiEunination by l^t,< phos- 
phorus in th^ totm of a cylinder presenM the 
phenomena very well; I ^ink as powerfully as 
heavy glaas, if not more so. A cinder of sul- 
fur, and is long piece of thidr India niU}er, 
nriiher being magnetic after the ordinary fash* 
km, were welt directed and replied. 

2^8. Crystalline bodies were eqimlly dbedi- 
eni| takeli from the smi^ br^d^ble 

risss {8287}« Prisms of qoariaii 
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caaMUs joitie Ba4 iRilplta4e ^ soda^ eXl 
pointed well, and W6i» fepelled. 

21279. I then prooeediad to subjeet a great 
number of bodies, taken from every class, to tiie 
magnetic forces, and will, to illustrate the vaii«* 
ety in the nature of the substances, give a eom^ 
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paratively short list of crystalline, amorphous, 
liquid and or^ic bodies below. When the 
bodies were fluids, 1 enclosed them in thin glass 
tubes. Flint-glass points equatorially, but if the 
tube be of very thin glass, this effect is found to 
be small when the tube is experimented with 
alone; afterwards, when it is filled with liquid 
and examined, the effect is such that there is no 
fear of mistaking that due to the glass for that 
of the fluid. The tubes must not be closed with 
cork, sealing-wax, or any ordinary substance 
taken at random, for these are generally mag- 
netic (2285). 1 have usually so shaped them in 
the making, and drawn them off at the neck, as 
to leave tl^ aperture on one side, so that when 
filled with liquid they require no closing. 

2280. 


Rock crystal 

Water 

Sulphate of lime 

Alcohol 

Sulphate of baryta 

Ether 

Sulphate of soda 

Nitric acid 

Sulphate of potassa 

Sulphuric add 

Sulphate of magnesia 

Muriatic acid 

Alum 

Solutions of various al- 

Muriate of ammonia 

kaline and earthy salts 

Cliloride of lead 

Glass 

Chloride of sodium 

Litharge 

Nitrate of potassa 

White arsenic 

Nitrate of lead 

Iodine 

Carbonate of soda 

Phosphorus 

Iceland ^ar 

Sulphur 

Acetate of lead 

Resin 

Tartrate of potash and 

Spermaceti 

antimony 

Caffeine 

Tartrate of potash and 

Cinchonia 

soda 

Maigaricadd 

T^aricacid 

WaxfrmnshdUae 

Citric acid 

SeaUng-wax 

Olive ell » 

Mutton, dried 

turpentine 

Reefifr^ 

Jet 

Beef. dried . 

Oaoutohouc 

Blo^, fresh 

Sugar ' 

Blood, dried . 

Staroh 

Leath^ 

Qnm<«mbio ' 

Apple 

Wood i 

'Bread 

lwy,i , 



2281. It a liM el 

bodies presenting on a sudden this remarkable 
property, and it is strange to find a piece of 
wood, or beef, or apple, ol^dient to or repe^/ 
by a magnet. If a man could be su^nded, 
with sufiioient delicacy, after the manner of 
Dufay, and i^eed in the magnetic field, he 
would point equatonally ; for ail the substances 
of which he is formed, including the blood, 
possess this property. 

2282. The setting equatorially depends U}^ 
the form of the body, and the diversity of form 
presented by the different substances in the 
list was very great; still the general result, that 
elongation in one direction was suffici^t to 
make them take up an equatorial position, was 
established. It was not difficult to perodve 
that comparatively large masses would point 
as readily as small ones, because in larger mass- 
es more lines of magnetic force would bear in 
their action on the hody,> and this was proved 
to be the oase. Neither was it long before it evi- 
dentiy appeared that the form of a plate or a 
ring was quite as good as that of a cylinder or a 
prism; and in practice it was found that plates 
and flat rings of wood, spermaceti, sulphur, 
&c., if suspended in the right direction, took 
up the equatorial position very well. If a plate 
or ring of heavy glass could be floated in water, 
so as to be free to move in every direction, and 
were in that condition subject to magnetio 
forces diminishing in intensity, it would 
mediately set itself equatorially, and if its cen^ 
tre coincided with the axis of magnetic powm^ 
would remain there; but if its centre were out 
of this line, it would then, perhaps, gradually 
pass off from this axis in the plane of tim 
equator, and go out from between the pdes. 

2283. 1 do not find that division of the msbr- 
stance has any distinct influence on the effects* 
A piece of Ic^nd spar was observed, as to tbe 
degree of force with which it set equatorially; 
it was then broken into six or ei^t fragxfleiits, ; 
put intoa glass tube and tried again; as wdlas ^ 
I could asoeitam, the effect was the same. ^ 
a second opmtion, the calcareous spat wasse^. 
duoed into coarse particles; afterwards 
coarse powder, and ultimatdy to a fine pow«f 
d^: be^ exmnined as to the equatoriaid^; 
eacb time, I ooidd perceive no diff^*^meiaili| 
effect, un^ the veiy last, when 1 thoui^t 
mis^t be a slight diminution of the 
but if so, it was afanost insensil^ X 
sanmexperimenton silica with 
of im of pow^. in ^ 

point i may observe that 
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bocfite m finepcmider esdbibitel Hm effect very 

2284. It would require very nice experiments 
and great care to ascertain the specific degree 
M this power of magnetic action possessed by 
different bodies, and I have made very little 
progress in that part of the subject. Heavy 
glass stands above flint*glas8> and the latter 
above plate^glass. Water is beneath all these, 
and I think alcohol is below water, and etiier 
bebw dcohol. The borate of lead is I think as 
high as heavy glass, if not above it, and phos- 
phorus is probably at the head of all the sub- 
stances just named. I verified the equatorial 
set of phosphorus between the poles of a com- 
mon magnet (2273). 

2285. 1 was much impressed by the fact that 
bloosi was not magnetic (2280), nor any of the 
specimens tried of red muscular fibre of beef or 
mutton. This was the more striking, because as 
will be seen hereafter, iron is always and in al- 
most aU states magnetic. But in respect to this 
point it may be observed, that the ordinary 
magnetic property of matter and this nctc prop- 
erty are in their effects opposed to each other; 
and that when this property is strong it may 
overcome a very slight degree of ordinary mag- 
netic force, just as also a certain amount of the 
magnetic property may oppose and effectually 
hide the presence of this force (2422). It is this 
circumstance which makes it so necessary to be 
careful in examining the magnetic condition of 
the bodies in the first instance (2250) . The fol- 
lowing list of a few substances which were found 
jslightly magnetic, will illustraih this point: pa- 
per, sealing-wax, china ink, Berlin porcelain, 
siUiworm-gut, asbestos, fluor-spar, red lead, 
vermilion, peroxide of lead, sulphate of sine, 
tourmaline, plumbago, shellac, charcoal. In 
some of these cases the magnetism was gener- 
affy diffused through the body, in other eases 
it w4s limited to a particular part. 

2286. Having arrived at thus point, I may 
observe, that we can now have no difficulty in 
admitting that the phenomena abundantly es- 
tabiyi tl^ existoiee of a magnetic property in 
matter, new to our knowledge. Not the least 
interesting of the consequences that flow from 
it is the mannm* in whi^ it disposes of the as- 
aartion which has sometimes b^n made, that 
all bodies are magnetic; Those who hold this 
view, mean that ^ bodies are magnetic as iron 
is, ai^ say that they point between the poles. 
IV now loots give not a mere negative to this 
iMateme^ somethiiig bey<md, naiomly, an 
gffiKmitiveas to the existence of forces in all 


Ordinaiy bodies, directly the opposite oi those 
existing in magnetic boffies, for whereas those 
practically pr^uoe attraction, these produce 
reputeion; those set a body in the axi^ direc-^ 
tion, but these make it take up an equatorial 
position: and the facts, with regard to bodies 
generally, are exactly the reverse of those which 
the view quoted indicate. 

f iv. Action of Magnets on Metals GeneroHly 

2287. The metals, as a class, stand amongst 
bodies having a high and distinct interest in re- 
lation both to magnetic and electric forcesjiand 
might at first well be expected to present idme 
peculiar phenomena, in relation to the string 
property found to be possessed in commofi\by 
so large a number of substances, so varied' in 
their general characters. As yet no distinction 
associated with conduction or non-conduction, 
transparent or opaque, solid or liquid, crystal- 
line or amorphous, whole or broken, has pre- 
sented itself; whether the metals, distinct as 
they are as a class, would fall into the great 
generalization, or whether at last a separation 
would occur, was to me a point of the highest 
interest. 

2288. That the metals, iron, nickel and co- 
balt, would stand in a distinct class, appeared 
almost undoubted; and it will be, I think, for 
the advantage of the inquiry, that I should 
consider them in a section apart by themselves. 
Further, if any other metals appeared to be 
magnetic, as these are, it would be right and 
expedient to include them in the same class. 

2289. My first point, therefore, was to exam- 
ine the metals for any indication of ordinary 
magnetism. Such an examination cannot be 
carried on by magnets anything short in power 
of those to be used in the further investigation; 
and in proof of this point I found many speci- 
mens of the metals, which appeared to be per- 
fectly free from magnetism when in the pres- 
ence of a magnetic needle, or a strong horse- 
shoe magnet (2157), that yet gave abundant 
indications when suspended near to one or both 
poles of the magnets described (2246). 

2290. My test of magnetism was this. If ft 
bar of the metal to be examined, about 2 inches 
long, was mmfiended (2249) in the 

field, and being at first oblique to the axial line 
was upon the supervention of the magnetic 
forces drawn into the axial position inst^ of 
being driven into the equatorial line, or re- 
maining in some oblique direction, thea I con- 
sidered it magnetic. Or, if being near 
netic pole, it was attracted by &e pole, tnateed 
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of beins repdiled) then I cmduded It vms mag-* 
netic. It is evident that the test is not sla’ict, 
because, as before pointed out (2285), a body 
may have a slight degree of magtxetio force, 
and yet the power of the new property be so 
great as to neutralise or surpass it. In the first 
case, it might seem neither to have the one 
property nor the other; in the second case, it 
might appear free from magnetism, and pos- 
sessing the special property in a smidi degree. 

2291. I obtained the following metals, so 
that when examined as above, they did not 
appear to be magnetic ; and in fact, if magnetic, 
were so to an amount so small as not to destroy 
the results of the other force, or to stop the 
progress of the inquiry. 

Antimony Lead 

Bismuth Mercury 

Cadmium Silver 

Copper Tin 

Gold Zinc 

2292. The following metals were, and are as 
yet to me, magnetic, and therefore compan- 
ions of iron, nickel and cobalt: 

Platinum 

Palladium 

Titanium 

2293. Whether all these metals are magnetic, 
in consequence of the presence of a little iron, 
nickel, or cobalt in them, or whether any of 
them are really so of themselves, I do not un- 
dertake to decide at present; nor do I mean to 
say that the metals of the former list are free. 
I have been much struck by the apparent free^ 
dom from iron of almost all the specimens of 
sine, copper, antimony and bismuth, which I 
have examined; and it appears to me very 
likely that some metals, as ars^c, &c., may 
have much power in quelling and suppressing 
the magnetic properties of any portion of iron 
in them, whili^ other metals, as silver or plati- 
num, may have little or no power in this re- 
spect. 

2294. Resuming consideration of the in- 
fluence exerted by the magnetic force over 
those metals which are not magnetic after the 
manner of iron (2291), I may state that there 
are two sets of effects produced whitoh require 
to be carefully distingubhed. Om of these de- 
pends up6n induced magneto-electric currents, 
and shall ho resumed hereafter (230^. The 
other includes effects of the same nature as 
those produced with heavy ^ass and many 

bodies (227fi). 

^ 2205. All the non-magaetic metals are sub*- 
lest tnagnette pow'er', and produce the 


same general effects as the large class of bodies 
already described. The force which they then 
manifest, they possess in different degrees. Anf 
timony and bismuth show it wdl, and bismuth 
appears to be especially fitted for the purpose. 
It excels heavy glass, or borate of lead, and 
perhaps phosphorus; and a small bar or cylin- 
der of it about 2 inches long, and from 0.25 to 
0,5 of an inch in width, is as wcil fitted to show 
the various peculiar phenomena as anything J 
have yet submitted to examination. 

2296. To speak accurately, the bismuth bar 
which I employed was 2 inches long, 0.33 of an 
inch wide, and 0.2 of an inch thick. When this 
bar was suspended in the magnetic field, be- 
tween the two poles, and subject to the mag- 
netic force, it pointed freely in the equatorial 
direction, as the heavy glass did (2253), and if 
disturbed from that position, returned /reeZy to 
it. This latter point, though perfectly in ac- 
cordance with the former phenomena, is in 
such striking contrast with the phenomena 
presented by copper and some other of the met- 
als (2309), as to require particular notice here. 

2297. The comparative sensibility of las- 
muth causes sever^ movements to take place 
under various circumstances, which being com- 
plicated in their nature, require careful analy- 
sis and explanation. The chief of these, wi& 
tiieir causes, 1 will proceed to point out. 

2298. If the cylinder electro-magnet (2246) 
be placed vertically so as to present one pole 
upwards)^ that pole will exist in the upper end 
of an iron cylinder, having a fiat horizontal 
face. 2^ inches in diameter. A small indicating 
sphere (2266) of bismuth, hung over the centre 
of ibis face and close to it, does not move by 
the magnetism. If the ball be carried outwards, 
half-way, for instance, between the centre and 
the edge, the magnetism makes it move in- 
wards, or towards the axis (prolonged) of the 
iron cylinder. If carried still farther outwards, 
it still moves inwards under the influence of 
the magnetism, and such oontinues to be the 
case until it is placed just over the edge of the 
terminal face of the core, where it has no mo- 
tiau at all (here, by an«rtber arrangmuent el 
the experiment, it is known to tend in wt^at h 
at present an i^)ward direction Irom the com). 

If carried a little farther outwards, the mag- 
netism then makes the bismuth ball tex4 
outwards or be r^)eHed, and eonrinuaa to 

be the dkecrion of the force In any further po?- 
siticifii, or down theeide el theand ^ thecioi^ 
2299« In fiict, the circular edge lermed Nr 
tlm thneiidoltliMte^ 
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msk, h ^viAy the ajpek of this! mapietie 
pole, to a Ibody plaoed we the bies&tith ball 
close to It, and it is because the lines of ma|^ 
hetic force issuing from it diverge as it were, 
and weaken rapidly in all directions from it, 
that the ball also tends to pass in all directions 
either inwards or upwards, or outwards from 
it, and thus produces the motions described. 
^eSe same effects do hot in fact all occur 
when the ball^ being taken to a greater dis- 
tance from the iron, is placed in magnetic 
i^irves, having generally a simpler direction. 
In order to remove ttie effect of the edge, an 
iron cone was placed on the top of the core, 
converting the fiat end into a cone, and then 
tilie indicating ball was urged to move upwards, 
only when over the apex of the cone, and up- 
wards and outwards, as it was more or less on 
one side of it, bemg always repelled from the 
pole in that direction, which transferred it 
most rapidly from strong to weaker points of 
magnetic force. 

2300. To return to the vertical fiat pole : when 
a horizontal bar of bismuth was suspended 
concentrically and close to the pole, it could 
take up a position in any direction relative to 
the axis of the pole, having at the same time a 
tendency to move upwards or be repelled from 
it. If its point of suspension was a little eccen- 
tric, the bar gradually turned, until it was par- 
allel to a line joining its point of suspension 
with the prolonged axis of the pole, and the 
eenfre of gravity moved inwards. When its 
point of suspension was just outside the edge 
of the fiat circular terminating foce, and the 
bar formed a oertetin angle with a i^ial line 
ginning the axis of the core and the pdnt of 
Simpension, then the movements of the bar 
uncertain and wavering. If the angle with 
Ihe ladial line were less than that above, the 
bar vrouM move into parallelism with riie 
ustdfus and go mwards: if the angle were great- 
er, the biur would move until perpendicular to 
radial line and go outwards. If tiie centre 
of the bar were sftill farther out than in the 
kmtcaee, or down by the side of the bore, the 
W wotdd ahvays place itself perpendicular 
l^lhh radkuf and go outwards. All these com- 
pheaticms of ^foothm are easHy resolved into 
tbdr simple demefi^ry origin, if reference 
^ had to the ebarabtor of the circular angle 
temuiing the eod of theoore; to the direetkm 
ol the magneia^ linm of foroe issuing from it 
and the other parts cl thopoie; to the poedtimi 
y pabte of 1he%>ar in these Sues; 


to go by -neamit 'couhlie from efrenp to 
points of nmg^etie force. 

2301. The bifflnuth points well, and is well 

repelled (2296) when immersed in water, alco^ 
bol, ether, oil, mercury, &c., and also vhen en- 
closed within vessels of earth, glass, copper, 
lead, Ac. (2272), or when screens of 0.75 or 1 
inch in thickness of bismuth, copper, or lead 
intervene. Even when a bismuth cube (2266) 
was placed in an iron vessel 2^ inches in 
diameter and 0.17 of an inch in thickness, it 
was well and freely repelled by the magnetic 
pole. A 4* ji 

2302. Whether the bismuth be in one 

or in very fine powder, appears to make na^f- 
ference in the character or in the degree miits 
magnetic property (2283). 

2303. 1 made many experiments with masses 
and bars of bismuth suspended, or otherwise 
circumstanced, to ascertain whether two pieces 
had any mutual action on each other, either of 
attraction or repulsion, whilst jointly under 
the influence of the magnetic forces, but I could 
not find any indication of such mutual action: 
they appeared to be perfectly indifferent one 
to another, each tending only to go from strong- 
er to weaker points of magnetic power. 

2304. Bismuth, in very fine powder, was 
sprinkled upon paper, laid over the horizontal 
circular termination of the vertical pole (2246). 
If the pa]>er were tapped, the magnet not be- 
ing excited, nothing particular occurred ; but if 
the magnetic power were on, then the powder 
retreated in both directions, inwards and out- 
wards, from a circular line just over the edge of 
the core, leaving the circle clear, and at the 
same rime showing the tendency of the parti- 
cles of bismuth in all directions from that line 
(2299). 

2305. When the pole was terminated by a 

cone (2246) and the magnet not in action, pa- 
per with bismuth powder sprinkled over it be- 
ing drawn over the point of the cone, gave no 
particular result; but when the magiierism was 
on, such an operation cleared the powder from 
every point which came over the cone, so that 
a was traced or written out in clear lines 

running throu|^ the powder, and showing 
ery place yrhm the i^e had passed. 

2306. The bat of tnsmutii and a bm? ha* 
timony iMras found to set equatorially bi^waen 
rile poles of ^ oiriinary horseshoe magnet 

2%7. foUowlng list may serve togive an 

idea of the ai^imit order of some metotey ^ 
vegurilB their pDwmr of producing thsoonbw ef* 
feats, but I oannot be aim IhM rii#^ 





m 


fectly Irom tiie man^tac JOfietals. I&^addi- 

tion to that, ihare are eertaia other effeet^pro^ 
duced by the action of magnetism on metals 
(2^9) which greatly interfere with the results 
due to the present property* 

Bismuth Cadmium ^ 

Antimony Mercury 

Zinc Silver 

Tin Copper 

2308. 1 have a vague impression that the re- 
pulsion of bismuth by a magnet has been ob- 
served and published several years ago. If so, 
it will appear that what must then have been 
considered as a peculiar and isolated effect, 
was the consequence of a general property, 
which is now shown to belong to all matter.^ 


2309* I now turn to the consideration of some 
peculiar phenomena which are presented by 
copper and several of the metals when they 
are subjected to the action of magnetic forces, 
and which so tend to mask effects of the kind 
already described that if not known to the in- 
quirer they would lead to much confusion and 
doubt. These I will first describe as to their ap- 
pearances, and then proceed to consider their 
origin. 

2310. If instead of a bar of bismuth (2296) a 
bar of copper of the same size be suspended te- 
tween the poles (2247), and magnetic power be 
developed whilst the bar is in a position oblique 
to the axial and equatorial lines, the experi- 
menter will perceive the bar to be affected, but 
this will not be manifest by any tendency of 
the bar to go to the equatorial line; on the con- 
trary, it will advance towards the axial posi- 
tion as if it were magnetic. It will not, however, 
continue its course until in that position, but, 
unlike any effect produced by magnetism, will 
stop shoili, and making no vibration beyond or 
about a given point, will remain tliere, coming 
at once to a rest: and this it will do even 
though the bar by the effect of torsion or mo- 
mentum was previously moving with a force 
that would have caused it to make several gy- 


} M. de Im Eave fans this day referred me to the 
VnipernUe for Vol. Xh* P? 82, 
vhere it will be found that the experiment ipoken 6t 
a^e is dai to M ^ la ^illif of Paris. M* U Baifiif 
wowed sixteen tyears ago :that both bismuth and 
anUtnony r^^ed the mashetio needle. It is aston- 
ishmg sttob ah experiment has remained so long 
yhhwt fnrt^ results. I rejoice that I am to 
maert i^s reference before the present SMies theeq 
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mtioiis.^is effect is k^ slr^goohtr^t w^ 
that which occurs wImui antunony, l:»btmu%> r 
heavy glass, or other such bodies are emploj^ 
and it is equally removed from an oidin^ 
magnetic effect. 

2311. The position which the bar has tak^ 
up it retains with a oonsideraUe degree of te- 
nacity, provided the magnetic force be contin- 
ued. If pushed out of it, it does not return into 
it, but takes up its new position in the same 
manner, and holds it with the same stiffness; 
a push, however, which would make the bar 
spin round several times if no magnetism were 
present, will now not move it tiirough more 
than 20^ or 30^. This is not the case with bis- 
muth or heavy glass; they vibrate freely in the 
magnetic field, and alwa 3 rs return to the equi^ 
tori^ position. 

2312. The petition taken up by the bar may 
be any position. The bar is moved a little at 
the instant of superinducing the magnetism, 
but allowing and providing for that, it ixiay be 
finally fixed in any position required. Even 
when swinging with considerable power by tor- 
sion or momentum, it may be caught and re- 
tained in any place the experimenter wishes. 

2313. There are two positions in which the 
bar may be placed at the beginning of the ex- 
periment, from which the magnetiimi does not 
move it; the equatorial and the axial positions. 
When the bar is nearly midway between these^ 
it is usually most strongly affected by the first, 
action of the magnet, but the position of most 
effect varies with the form and dimensions 
the magnetic poles and of the bar, 

2314. If the centre of suspension of the bar 
be in the axial line, but near to one of tite polesit 
these movementsoccur well, and are clear and 
distinct m their direction : if it be in the equa« 
torial line, but on one side of the axial line^ tbejr 
&re modified, but in a manner which will eatily 
be understood hereafter^ 

2316. Having thus stated the effect of tib# 
supervention of the magnetic force, let us now^ 
remmk what occurs at the moment of itsi oeiEh 
sation; for during its 4)ontinuanee 
change. If, tbeii> after the magnetism has bimi 
sustained for twfo or three seconds, the eleif^e 
cunient Hst(^p!ed, there is instantiy , 

action on the which has tfaic appessM^^ ^ 

a revufamm <ler the bar j^urnsupon tbet^^^ 
which it took for a. moment when, the tieoitiiex 
contact was made), but with sueh forced tbftk 
whereas the advance might be pothage 
20”, tim ievufaioB will cause the^bareMsskiii^i 
ally, to move, tbroui^ two or thm motnlmsiy: 



2316. Heavy glass bismutii present no 
eiK^h phenomena as this. 

2317. If, whilst the bar is revolving from re- 
vulsion the electric current at the magnet be 
renewed, the bar instantly stops with the for- 
mer appearances and results (2310), and then 
upcHi removing the magnetic force is affected 
again, and, of course, now in a contrary direc- 
tion to the former revulsion. 

2318. When the bar is caught by the mag- 
netic force in the axial or equatorial position, 
there is no revulsion. When inclined to these 
positions, there is; and the places most power- 
ful in this respect appear to be those most fa- 
vourable to the first brief advance (2313). If 
the bar be in a position at which strong revul- 
sion would occur, and whilst the magnetism is 
continued, be moved by hand into the equa- 
torial or axial position, then on taking off the 
magnetic force there is no revulsion. 

2319. If the continuance of the electric cur- 
rent and consequently of the magnetism be for 
a moment only, the revulsion is very little, and 
the shorter the continuance of the magnetic 
force the less is the revulsion. If the magnetic 
force be continued for two or three seconds and 
then interrupted and instantly renewed, the 
bar is loosened and caught again by the power 
before it sensibly changes its place; and now it 
may be observed that it does not advance on 
the renewal of the force as it would have done 
had it been acted on by a first contact in that 
place (2310) ; i.e., if the bar be in a certain place 
inclined to the axial position, the first super- 
vention of the magnetic power causes it to ad- 
vance towards the axial position; but the bar 
being in the same place and the magnetic pow- 
er suspended and instantly renewed, the second 
supervention of force does not move the bar as 
the fimt didi 

^320. When the copper bar is immersed in 
water, alcohol, or even mercury, the same ef- 
fects take place as in the air, but the niove- 
mefits are, of course, not to the same extent* 

2321. Vi^en plates of copper or bismuth,’ an 
inch in thickness, intervene between the poles 
and the copper bar^ the same results occur* 

2322. If one magnetic pole only be employed 
the effects occur near it as well as before, pro- 
dded ’fiiat pole have a face large in proportion 
tothe bar, as the end ofthe iron core (2246); but 
if thepole be pointed by the use of the conical 
tevihiaatlon, dr if the bar be opposite the edge 
ot the end of the core; then they become greats 

or #9appearidtQg^er; and only 
xepiilBid& letnatns (2295>;^ 
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2323. The peculiar effects which have just 
been describe are perhaps more strikingly 
shown if the bar of copper be suspended piei^ 
pendicularly, and then hung opposite and near 
to the large face of a single magnetic pole, or 
the pole ^ng placed vertically, as described 
(2246, 2263), anywhere near to its side. The 
bar, it will be remembered, is 2 inches in length 
by 0.33 of an inch in width, and 0.2 of an inch 
in thickness, and as it now will revolve oh an 
axis parallel to its length, the two smaller di- 
mensions are those which are free to mov^ into 
new positions. Ih this case the establishm^t of 
the magnetic force causes the bar to turn a'iittle 
in accordance with the effects before described, 
and the removal of the magnetic force cauiis a 
revulsion, which sends the bar spinning rewind 
on its axis several times. But at any moment 
the bar can again be caught and held in a poih- 
tion as before. The tendency on making con- 
tact at the battery is to place the longest mov- 
ing dimension, i.e., the width of the bar, par- 
allel to the line joining the centre of action of 
the magnet and the bar. 

2324. The bar, as before (2311), is extremely 
sluggish and as if immersed in a dense fluid, as 
respects rotation on its own axis; but this slug- 
gishness does not affect the bar as a whole, for 
any pendulum vibration it has, continues un- 
affected. It is very curious to see the bar, joint- 
ly vibrating from its point of suspension (2249) 
and rotating on its axis, when first affected by 
the magnetic force, for instantly the latter mo- 
tion ceaaes, but the former goes on with undi- 
minished power. 

2325. The same effect of sluggishness occurs 
with a cube or a globe of copper as with the bar, 
but the phenomena uf the first turn and the re- 
vulsion cease (2310, 2315). 

2326. The bars of bismuth and heavy glass 
present no appearance of this kind. The pecu- 
liar phenomena produced by copper are as dis- 
tinct from the actions of these substances as 
they are from ordinary magnetic actions. 

2327. Endeavouring to explain the cause of 
these effects, it appears to me that they depend 
upon the excellent conducting power of 

for electric currents, the gradual acquiririon 
and loss of magnetic power by the iron core of 
the electro-xnagnet, and the production of those 
induced currents of magneto^leotricity which 
I described in the first series of these 
menial H^searckes <55, 109). 

2328. The obstruction to motiem on ite 0^*^ 
axis, when the bar is subjected to toe 
forces, belongs equally to the of aephete 
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or a cube. It belongs to these bodies, howsrver, 
only when their axes of notation ai^ perpendio 
uiar or obhque to the lines of magnetic force, 
and net when they are parallel to it; for the 
horfsontal bar, or the vertical bar, or the cube 
or sphere, rotate with perfect facility when they 
are suspended above the vertical pole (2246), 
the rotation and vibration being then equally 
free, and the same as the corresponding move^ 
ments of bismuth or heavy glass. The obstruc- 
tion is at a maximum when the axis of rotation 
is perpendicular to the lines of magnetic force, 
and when the bar or cube, &c., is near to the 
magnet. 

2329. Without going much into the partic- 
ular circumstances, I may say that the effect is 
fully explained by the electric currents induced 
in the copper mass. By reference to the second 
series of these Researches (160),^ it will be seen 
that when a globe, subject to the action of lines 
of magnetic force, is revolving on an axis per- 
pendicular to these lines, an electric current 
runs round it in a plane parallel to the axis of 
rotation and to the magnetic lines, producing 
consequently a magnetic axis in the globe, at 
right angles to the magnetic curves of the in- 
ducing magnet. The magnetic poles of this axis 
therefore are in that direction which, in con- 
junction with the chief magnetic pole; tends to 
draw the globe back against the direction in 
wliich it is revolving. Thus, if a piece of copper 
be revolving before a north magnetic pole, so 
that the parts nearest the pole move towards 
the right-hand, then the right-hand side of 
that copper will have a south magnetic state, 
and the left-hand side a north magnetic state; 
and these states will tend to counteract the mo- 
tion of the copper towards the right-hand: or 
if it revolve in the contrary direction, then the 
right-hand side will have a south magnetic 
state, and the left-hand side a north magnetic 
state. Whichever way, therefore, the copper 
tends to revolve on its own axis, the instant it 
moves, a power is evolved in such a direction 
as tends to stop its motion and bring it to rest. 
Bemg at rest in r^erence to this direction of 
motion, then there is no residual or other effect 
which tends to disturb it, and it remains stiti. 

2330. If the whole mass be moving parallel 
to itself, and be small in comparison with flie 
face of the magnetic pole opposite to whidx it 
w placed, then, though it pass through the 
magneto lines of force, and consequently have 
a tcndwacy to the fotmation of magneto-elecj- 
Ws currents wi^n it, yet as ail parts move 

^ ^hikmopMoal Tmnsaetions, 1832, p. 16B; * ^ 


with equal vdodty and in the same direetbh 
timugh similar magneto lines of force, the 
tendemey to the formation of a current is the 
same in every part, and there is no actual pro- 
duction of current, and consequently not- 
ing occurs which can in any way interfere 
with its freedom of motion. Hence the reason 
that though the rotation of the bar or cube 
(2324, 2328) upon its own axis is stopped, its 
vibration as a pendulum is not affect^. 

2331. That neither the one nor the other mo^ 
ton is affected when the bar or cube is over the 
vertical pole (2328) is simply because in both 
cases (with the given dimensions of the pole 
and the moving metal) the lines of particles 
through which the induced currents tend to 
move are parallel throughout the whole mass; 
and therefore, as there is no part by which the 
return of the current can be carried on, no cur- 
rent can be formed. 

2332. Before proceeding to the explanation 
of the other phenomena, it will be necessary to 
point out the fact generally understood and ac- 
knowledged, I believe, that time is required for 
the development of magnetism in an iron core 
by a current of electricity; and also for its fall 
back again when the current is stopped. One 
effect of the gradual rise in power was referred 
to in the last series of these Researches (2170). 
This time is probably longer with iron not well 
annealed than with very good and perfectly an- 
nealed iron. The last portions of magnetism 
which a given current can develop in a certain 
core of iron, are also apparently acquired more 
slowly than the first portions; and these por- 
tions (or the condition of iron to which they 
are due) also appear to be lost more slowly than 
the other portions of the power. If electric con- 
tact be made for an instant only, the magnet^ 
ism developed by the current disappears as in- 
stantly on the breaking of the current, as H 
appeared on its formation; but if contact be 
continued for three or four seconds, breaking 
the contact is by no means accompanied by a 
disappearance of the magnetism with equal 
rapidity. 

2333. In order to trace the peculiar effect of 
file copper, and its cause, let us consider the 
condition of the horizontal bar (2310, 2313) 
when in the equatorial position, between the 
two magnetic poles, or before a single pde^lke 
pdnt of suspension being in a line with' tto 
axis of the pde and its exciting wire heUx. OH 
sending an electric cunmt th^u|^ fite 
bofii it and the magnet it prbduees vHtt 
duee totto formation oftmireonai in 
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bom my Icmaer Beaeiar^ (26)i aod omy be 
provedt % placing a small or large wire belix^ 
shaped (if it be desired) in the form of tbe 
and carrying away the currents produced in 
it, by wires to a galvanometer at a distance. 
Such currents, be^g produced in the copper, 
only continue whilst the magnetism of the core 
is rising, and then cease (18, 39), but whibt 
they continue, they give a virtual magnetic po- 
larity to that face of the copper bar which is 
opposite to a certain pole, the polarity being 
the same in kind as the pole it faces. Thus on 
the side of the bar facing the north pole of the 
magnet, a north polarity will be developed; 
and on that side facing the south pole, a south 
polarity will be generated. 

2334. It is easy to see that if the copper dur- 
ing this time were opposite only one pole, or 
b^ing between two poles, were nearer to one 
than the other, this effect would cause its re- 
pulsion. Still, it cannot account for the whole 
amount of the repulsion observed alike with 
capper as *with bismuth (2295), because the 
currents are of but momentary duration, and 
the repulsion due to them would cease with 
them. They do, however, cause a brief repul- 
sive ^ort, to which is chiefly due the first part 
of the peculiar effect. 

2335. For if the copper bar, instead of being 
parallel to the face of the magnetic pole, and 
therefore at right angles to the resultant of 
magnetic force, be inclined, forming, for In- 
stance, an angle of 45^ with the face, then the 
induced currents will move generally in a plane 
corresponding more or less ^ that angle, nearly 
as they do in the examining helix (2333), if it 
ho mclined in the same manner. This throws 
tim polar axis of the bar of copper on one side, 

the north polarity is not directly op- 
poo&i to tiie north pole of theinducingniagnet, 
and hence the action both of this and v the 
other xna^etic pole upon the two polarities 
of 4he copper wUl be to send it farther round, 
or to place it edgeways to the pole^ or with 
its breadth parallel to the magnetic resultant 
pasting throu^ it (2323) : the bar therefore re- 
ctives w impulse, and angle of it nearest 
to the magnet appears to be pulled up towiards 
the ma^i^. Th& action of course stops the 
kstiant the magnetism of the helix pore ceases 
to rise, and thm the motim due to this cause 
peases, and ^e copperiseiniifly subject to the 
action hefore dies^be(l;,(^^)* At the ^same 
this twist or am# p^on of a turn 
t^ point the 


tie .of'^gsavity of the whole in«s8 > 
and thus I btiievOvali tiie actions up te this 
condition of thix^ are accounted for* 

2336. Then comes the rsmdsion whuh occurs 
upon the cessation of the electric current, and 
the falling of the magnetism in the core. Ac- 
cording to the law of magneto-tiectric induc- 
tion, the disappearance of the magnetic force 
will induce brief currentsinthecopper bar (28), 
but m tiiie contrary direction to those induced 
in the first instance; and therefore the virtual 
magnetic pole belonging to the copper for the 
moment, which is neai*est the north end of the 
electro-magnet, will be a south pole; and that 
which is farthest from the same pole/of the 
magnet will be a north pole. Hence wiU arise 
an exertion of force on the bar tending to turn 
it round its centre of suspension in the con- 
trary direction to that which occurred before, 
and hence the apparent revulsion; for the angle 
nearest the magnetic pole will recede from it, 
the broad face (2323) or length (2315) of the 
bar will come round and face towards the mag- 
net, and an action the reverse in every respect 
of the first action will take place, except that 
whereas the motion was then only a few de- 
grees, now it may extend to two or three revo- 
lutions. 

2337. The cause of this difference is very ob- 
vious. In the first instance, the bar of copper 
was moving under influences powerfully tend- 
ing to retard and stop it (2329); in the second 
case these influences are gone, and the bar re- 
volves freely with a force proportionate to the 
power exeited by the magnet upon the cur- 
rents induced by its own action. 

2338. Even when the copper is of such form 

as not to the oblique resultant of magnetic 

action from the currents induced in it, when, 
for instance, it is a cube or a sphere, still the 
effect of the action described above is evident 
(2325). When a plate of copper about three- 
fourths of an inch in thickness, and weighing 
two pounds, was sustained upon some loose 
bloolmof wo^ an4 placed about 0.1 of an inch 
from the face of the magnetic pole, it was re- 
pelled and held off a certain distance upon the 
making and continuing of electric contact at 
the batteiy; and when the batteiy current was 
stepped, it returned towards the pple; but the 
return was much uiore powerful thw that due 
to gravity elone . (as wssasoerteined by an ex- 
periment)^. the plate being oJb that mmnent^ac- 
tuaily as . well as tending by 

tiw towards themagnet,eo that it gave 
tap against it . 
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2339. 8u<^li 1 faelkfV9, the exirfamaijoii of 
the peculiar i^nomeua [uesented by copper 
in the maguetio field; and the reason why ^ey 
appear with this metal and not with iHsmuth 
or heavy gla8S» is almost certainly to be found 
in its high electr(>eonducting power, which per- 
niits the formation of currents in it by indue* 
tive forces, that cannot produce the same in a 
corresponding degree in bismuth, and of course 
not at all in heavy glass. 

2340. Any ordmary magnetism due to metals 
by virtue of their inherent power, or the pres* 
ence of small portions of the magnetic metals 
in them, must oppose the development of the 
results I have been describing; and hence met- 
als not of absolute purity cannot be compared 
with each other in this respect. I have, never- 
theless, observed the same phenomeua in other 
metals; and as far as regards the sluggisliness 
of rotatory motion, traced it even into bis? 
muth. The following are the metals which have 
presented the phenomena in a greater or small- 
er degree: 

Copper Mercury 

Silver Platinum 

Gold Palladium 

Zinc Lead 

Cadmium Antimony 

Tin Bismuth 


2341. The aeoc»t!abcc pf these : 

witii the beautiful discoveiy of Arago,^ ,wi& 
the results of the experiments of Her^el and 
Babbage,* and with my own former inquirii^ 
(81),* is very evident. Whether the effect oW 
tained by Ampere, with his copper cylinder and 
helix, ^ was of this nature, I cannot judge, inas- 
much as the circumstances of the experiment 
and the energy of the apparatus are not suffir 
dently stated; but it probably may have been. 

2342. As, because of other duties, three or 
four weeks may elapse before I shall be able to 
complete the verification of certain experir 
ments and conclusions, I submit at once these 
results to the attention of the Royal Society^ 
and will shortly embody the account of the ac- 
tion of magnets on magnetic metals, their aCr 
tion on gases and vapours, and the genend 
considerations in ano&er series of these fie- 
searches. 

Royal InstiiiUion, Nov, 27, 1845 

t AnneiUs de Chimie, XXVII, 863; XXVII!, 82S% 
XXXlIt 213. 1 am very glad to refer here to the 
Comptea Rendua of June 9, 1845, whm it appears 
that it was M. Arago who first obtained his peculiar 
results by the use of electro- as well as oommoQ mag- 
nets. 

• PhUoBophical Transaetionst 1825, p. 467. 

1832, p. 146. 

« Bibliothiique Universdle, XXI, p. 48. 


TWENTY-FIRST SERIES* 

§ 27. On New Magnetic Actione, and on (he Magnetic Condition of 
AU Matter (continued) If v. Action of Magnets on the Magnetic 
Metals and Their Compounds If vi. Action of Magnets on Air and 
Gases If vii. General Considerations 

Rbcbivep Dix:]i!HBSB 24, 1845, Read JANtrABT 8, .1846 

If V. AcUon of Magnets on the MagneUe whatever their tempemture; and also that ti^ 

Metals and Their Compounds power is the same in character with that wUd^ 

2343. The magpietio eharacters of iron, luokel they ordinarily pomess. 
and cobalt, are well known; and also the fact 2^. A piece of iron whe, about 1 inch kEtg 
that at certain temperatures they loee their and 0.05 of an inch in diameter, being thot^ 
usual pre^rty and bc^me, to ordinary test oughly cleaned, was Su^>ended at the ndddto 
and o^rvatkm, non-magnetic; then entering by a fine platinum wire connected with thegOA* 
into the list of rfmirntgtiBtin bodies and acting pending thread (2249) so as to swing hetweei|. ' 
in like 'vtrRb Closer inyestigs^ the poles of the electro-maipet. The heat efiA; 

tion, however, has shovm me that tii^are still spirit-lamp was applied to H, and it. 
very difiewnt to other bodies, and that thou# quired a temperature which rendered' it 
inactive when hot, on /wwimnn magnets or to insensti:^ to the presmice of argemd ordinilitf: 
common teste, they are noit so absolutdy, but magnet, howevw closely it was <qmros#iad to 
retain 4 eertaia of magnetic power the heated iron. The temperature ctf the.,iri3ii 

‘ fr^Moetkmki 1840. p. 41. was then nwed ccmrideral^ higbw 
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of th^ flamo, and the electromagnet 
thrown into action. Immediately the hot iron 
became magnetic and pointed between the 
poles. The power was feeble, and in this re- 
spect the state of the iron was in striking con- 
trast with that which it had when cold; but in 
character the force was precisely the same. 

2345. The iron was then allowed to fall in 
temperature slowly so that its assumption of 
the higher magnetic condition might be ob- 
served. The intensity of the force did not ap- 
pear to increase until the temperature arrived 
near a certain point, and then as the heat con- 
tinued to diminish, the iron rapidly, but not 
instantaneously, acquired its high magnetic 
power; at which time it could not be kept from 
the magnet, but flew to it, bending the sus- 
pending wire and trembling as it were with 
magnetic energy as it adhered by one end to 
the core. 

2346. A small bar of nickel was submitted to 
an experimental examination in the same man- 
ner. This metal, as I have shown, ^ loses its mag- 
netism as respects ordinary tests at a heat be- 
low that of boiling oil, and hence it is very well 
fitted to show whether the magnetic metals 
can have their power entirely removed by heat 
or not; and also whether the disappearance of 
the whole or greater portion of their power is 
sudden or gradual. The smallness of the mass 
to be experimented on assisted much in the de- 
termination of the latter point. Upon being 
heated the nickel soon became indifferent to 
ordinary magnets; but however high the tem- 
perature, still it pointed to and was attracted 
by the elecfa'o-magnet. The power was very 
feeble, but certain. It was scarcely enough to 
sustain the weight of the nickel by the magnet- 
ic action alone; but was abundantly evident 
when the metal was supported as described 
(2344). 

‘ 2347* On carefully lowering the temperature 
of the nickel, it was again found that the tran- 
sition from one degree of magnetic force to the 
other was progressive and not instantaneous. 
With iron it is difficult to preserve all the parts, 
either in heating or cooling, so nearly at the 
same temperature as to be sure that it is not 
the union of hotter and colder portions which 
gives the appearance of an intermediate de- 
gree of magnetism; but with nickel that is not 
so difficult, for the progression is more grad- 
ual, so that wh^ in cooling the power began to 
merease, the cooling might be continued some 

\ k imotoMcdl Magatine, 1836, Vol. Vlll, p. 170, 
BuwtekM, Vd. 11, p. 219. 


time before the full degree of power came on; 
at any time in that period the temperature 
might be slightly raised, and though the power 
would then diminish a little, it could yet be re- 
tained at a degree stronger than the weakest. 
In fact it was easy to keep the nickel at many 
of the intermediate degrees of power, and thus 
to remove all doubt of the progressive assump- 
tion of the full degree of force. 

2348. 1 have expressed an opinion, founded 
on the different temperatures at which the 
magnetic metals appeared to lose their peculi- 
ar power,* that all the metals would probably 
have the same character of magnetism if their 
temperature could be lowered sufficiently. The 
facts just described appear to me entirely 
against such an opinion. The metals whmh are 
magnetic retain a portion of their powe^ after 
the great change has been effected; or intwhat 
might be called their diamagnetic state; but 
the other metals, such as bismuth, tin, &c., 
present no trace of this power, and therefore 
are not in the condition of the heated iron, nick- 
el, or cobalt ; for in fact whilst these point axially 
and are attracted, the others point equatorially 
and are repelled. I therefore hope to be allowed 
to withdraw the view I then put forth. 

2349. I next proceeded to examine the per- 
oxides of iron, and in accordance with the ob- 
servations of M. Becquerel® and others found 
them all, both natural and artificial, possessed 
of magnetic power at common temperatures. 
1 heated them in tubes but found them still 
magnetic, suffering no diminution of the force 
by such temperature as 1 could apply to them. 

2360. Different specimens of the oxide of 
nickel were found to present the same phenom- 
ena. They were magnetic both when hot and 
cold; and that heat should cause no change in 
this respect is the more striking, because the 
hot oxide had a temperature given to it far 
higher than that necessary to produce the 
great magnetic change in the metal itself (2346) . 

2361. The oxiderof cobalt also was magnetic, 
and equally magnetic whether hot or cold. 
Glass coloured blue by cobalt is magnetic in 
consequence of the presence of the oxide of 
that metal, and is so whether hot or cold. In 
all these cases the degree of power retained was 
very small compared to that of the pure metal. 

2362. Proceeding to the ealts of iron, 1 found 
tiiem magnetic. Clean crystals of the proto- 


» Philosophtcal Magazine, 1836, Vol. VIII, p. 1^^ 
iMd,, 1839, Vol. XIV, p. 161; or Experimented Be- 
eearehee, Vol. II, pp. 217, 225. ^ ^ 

■ Annalee de Chtmie, 1827, VoL XXXVI, p. 237, 
Complee Rend^, 1845, Vol. iOC, p. 1708. 
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sulphate of %on were attracted and pointed 
axially very well; so also did the dry salt^ As I 
proceeded I found that every salt and com* 
pound containing iron in the basic part was 
magnetic. To enumerate the different sub- 
stances subjected to trial would be tedious; the 
following are selected as illustrations of the va* 
riety in kind: 

Protochloride Protophosphate 

Perchloride Perphosphate 

Iodide Nitrate 

Protosulphate Carbonate 

Persulphate Prussian Blue 

2353. Amongst native compounds 

Bog iron ore Yellow sulphuret of iron 

Usematite Arsenical pyrites 

Chromate of iron Copper pyrites, and many 

others were magnetic 

2354. Green bottle-glass is comparatively very 
magnetic from the iron it contains, and cannot 
be used as tubes to hold other substances. 
Crown glass is magnetic from the same cause. 
Flint glass is not magnetic, but points equa- 
torially. 

2355. Crystals of the yellow ferro-prussiate 
of potassa^ were not magnetic, but were re- 
pelled and set equatorially ; and such was the 
case also with red ferro-prussiate. 

2356. According to my hopes, even the solu- 
tions of the ferruginous salts, whether in water 
or alcohol, were magnetic. A tube filled with a 
clear solution of proto- or persulphate of iron, 
or proto- or perchloride, or tincture of muriate 
of iron, was attracted by the poles, and point- 
ed very well between them in the axial direction. 

2357. These solutions supply a very impor- 
tant means of advancing nuignetical investiga- 
tion, for they present us with the power of 
making a magnet, which is at the same time 
liquid, transparent, and within certain limits, 
adjustable to any degree of strength. Hence the 
power of examining a magnet optically. Hence 
also, the capability of placing magnetic por- 
tions of matter one within another, and so ob- 
serving d 3 mamic and other phenomena within 
magnetic media. In fact, not only may these 
substances be placed as magnets in the mag- 
netic field, but the field generally may be fill^ 
with them, and then other bodies and other 
magnets examined as to their joint or separate 
actions in it (2361, &c.). 

2358. In reference to the salts of nicfcci and 
cobalt, pure crystals of the sulphate of nickel 
were found to be well magnetic, and also pure 

. ‘ Ferro-pnisaiato'Of potassa: now known as potas- 


ciystals of sulphate of cobalt. SoluticmB df tho 
sulphate of nickel, the chloride of nickel, and 
the chloride of cobalt, were also magnetic. That 
1 might be perfectly safe in these conclusions I 
applied to Mr. Askin of Birmingham, whose 
power of separating nickel and cobalt from 
each other and other metals is well known, as 
also the scale upon which he carries on these 
operations; and he favoured me with a solution 
of chloride of nickel and another of chloride of 
cobalt perfectly pure, both of which proved to be 
well magnetic between the poles of my magnet. 

2359. Heat applied to any of these magnetic 
solutions did not diminish or affect their power. 

2360. These results with the salts of the mag- 
netic metals conjoin with those before quoted, 
as tending to show that the non-magnetic met- 
als could not by any change of temperature be 
rendered magnetic (2398), but as a class are 
distinct from iron, nickel, and cobalt; for hone 
of the compounds of the non-magnetic metals 
show, as yet, any indication of ordinary mag- 
netic force, whereas in respect of these three 
substances all their compounds possess it. 

2361. In illustration of the power which the 
iron and other similar solutions give in the in- 
vestigation of magnetic phenomena (2357), as 
well as in reference to the general conclusions 
to be drawn from all the facts described in this 
paper, I will proceed to describe certain antic- 
ipated results which were obtained by the em- 
ployment of these solutions in the magnetic 
field. 

2362. A clear solution of the proto-sulphate 
of iron was prepared, in which one ounce of the 
liquid contain^ seventy-four grains of the hy- 
drated crystals; a second solution was prepared 
containing one volume of the former and three 
volumes of water: a third solution was made 
of one volume of the stronger solution and fif- 
teen volumes of water. These solutions I will 
distinguish as Nos. 1, 2, and 3; the proportions^ 
of crystals of sulphate of iron in them were re- 
spectively as 16, 4, and 1 per cent nearly. These 
numbers may, therefore, be taken as represent- 
ing (generally only [2423]) the strength^!' the 
magnetic part of the liquids. 

2363. Tubes like that before described (227^ 
were prepared and filled respectively with these 
solutions and then hermetically sealed, as iitti# 
air as possible being left in them. Glasses of the 
solutions were also prepared, laige enou|^ to 
allow the tubes to move freely in them, and 
yet of such sise and shape as would permit of 
thm being placed between the magnetic poleax 
In this manner the action ol the magndlo 
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ka^ upoQ t&e matter in the tubes eoiild be 
examined and observed, both when the tubes 
were ia diamagnetic me^a, as air, water, aioo- 
hol, fto., and also in magnetic media, either 
stiicuiger or weaker in magnetic force, than the 
substances in the tubes. 

23M. When these tubes were suspended in 
air between the poles, they all point^ axially 
or magnetically, as was to be expected; and 
with forces apparently proportionate to the 
strengths of the solutions. When they were im- 
mers^ in alcohol or water, they also pointed 
in the same direction; the strongest solution 
very w€^, and also the second, but the weakest 
solution was feeble in its action, though very 
distinct in its character (2422), 

2365. When the tubes, immersed in the dif« 
ferent ferruginous solutions, were acted upon, 
the results were very interesting. The tube No. 
1 (the strongest magnetically), when in solu* 
tion No. 1, had no tendency, under the influ- 
ence of the magnetic power, to any particular 
position, but remained wherever it was placed. 
Being placed in solution No. 2, it point^ well 
aadally, and in solution No. 3 it took the same 
direction, but with still more power. 

2366. Tlie tube No. 2, when in the solution 
No. 1, pointed equatorially, i.e., as heavy glass, 
bismuth, or a diamagnetic body generally, in 
air. In solution No. 2 it was indifferent, not 
pointing either way; and in solution No. 3 it 
pointed axially, or as a magnetic body. The 
tube No. 3, containing the weakest solution, 
pointed equatorially in solutions No. 1 and 2, 
and not at all in solution No. 3. 

2367. Several other ferru^nous solutions va- 
rying in strength;.w^ prepared, and, as a gen- 

and constant result, it was iound that any 
tube pointed axially if the solution in it was 
stronger than the surrounding solution, and 
equatorially if the tube solution was the weak- 
er:^ the two. 

. The tubes were now suspended verti* 
eidfly, so that bmng in the diff^nt solutions 
ibes^ couU be broi^t near to (me of the mag* 
netio p^es> and enjoyed in place of the inch- 
eating cube or spbm of biimuth, or heavy 
g^aes (^86). The constant result was that when 
tube etmtalned a stronger soluticm tiian 
^tiwluch surrounded it, it was attracted to 
the pole, but whmn its solution was the weaker 
^ the two, it was .repeUedv The latter pfaenom- 
as to a|^[)earaiioein every respect the 
} Ihme as those presented in the repulsi<m of 
glass, Ihsmuth, or saaiy other diamsfr 
in.ak. 


2362, Bavii^ desixi bed th^ 
will defer thw further considemtion mtal 1 
airive at the last divisiem of this paper, and 
proceed to certain results more ei^cially 
longing to the present part of these Reiearchea. 

2370. As the magnetic metals, iron, nickel 
and cobalt, present in their compounds 8ui> 
stances also distinguished by the possession of 
magnetic properties (2360), so it appeared very 
probable that other metals, of whose magnetic 
character doubts were entertained, because of 
the possible presence of iron in the specimens 
experimented with, might in this way have 
their magnetic character tested; for it i^nifid 
likely, from analogy, that every metql well 
magnetic per se, would be magnetic in itk com- 
pounds; and, judging from the character pf the 
great class of diamagnetic bodies (2275)} that 
XK) magnetic compounds would be obtait]|ed of 
a metal not magnetic of itself. Accordingly 1 
proceeded to ap^y this kind of test to the com- 
Innations of many of the metals, and obtained 
the following results: 

2371. Titanium. Wollaston has described the 
magnetic effects of crystals of titanium, ex- 
pressing at the same time a belief that they are 
due to iron.^ I took a specimen of the oxide of 
titanium, which I believe to be perfectly free 
from iron, and inclosing it in a tube (2279), 
subjected it to the action of the electro-mag- 
net (2246, 2247). It proved to be freely mag- 
netic. Another specimen obtained from Mr. 
Johnson, and believed by him to be perfectly 
free from iron, was also magnetic. Hence I con- 
clude that titanium is truly a magnetic metal. 

2372. Manganese. Berthier, as far as I am 
aware, first announced that this metal was 
magnetic at very low temperatures.^ On sub- 
mitting specimens of the various oxides, which 
were considered as pure, to the magnetic force, 
tbey were all found to he magnetic, especially 
the protoxide. So were the following compounds 
of manganese in the pure, dry, or crystallized 
state; chloride, sulphate, ammonkHsulphate, 
phosphate, carbonate, borate; and also the 
chloride, nitrate, sulphate, and ammonio-sul- 
phate when in solution. A specimen of the am- 
monioHSulphate was rendered alkaline by the 
addition of a little carbonate ammonia toiled 
and then carefully crystallised tiiriee: after 
that the crystals and solution of the purified 
salt were perfectly end well magnetic. I have 
no doubt) ther^ore, that manganese is a mag- 
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netio mMLf 4ft BedMer 4ani If soy opinion 
may be draira ooneeming the magnetic force 
of the metal from the degree of magnetibsm of 
the compounds, 1 should expect that manga- 
nic possesses consdderable power of this kind 
when at a sufficiently low temperature.^ 

2373. Cerium* I am not aware that cerium 
has as yet been classed with the magnetic met- 
als. Having made experiments With the hy- 
drated protoxide, the carbonate, and the chlo- 
ride of this metal, and also with the douUe sul- 
phate of the oxide and potassa prepared with 
gi'eat care, I found them all magnetic; and 
those that are soluble are magnetic in the state 
of solution. Hence, as the compounds are un- 
doubtedly magnetic, there is every reason to 
believe that cerium also is a magnetic metal 
(2370). 

2374. Chromium* The magnetic phienomena 
of chromium compounds are very interesting. 
Portions of the chromate and the bichromate 
of potassa were purified by three careful crys- 
tallizations each; part of the bichromate was 
heated in a platinum crucible, until the second 
equivalent of chromic acid was converted into 
the crystallized oxide, and this being washed 
out and dried was found to be well magnetic. 
So were ail the other specimens of oxide of 
chromium which were examined. 

A specimen of 'Wariington’s chromic acid 
was found to be very feebly magnetic. 

2375. Chromate of lead, when subjected to 
the magnet, pointed equatorially and was re- 
pelled. Such was the case also with crystals of 
the chromate of potassa. Crystals of the bi- 
chromate, however, did not act thus; for if in 
any way affected they were in the least degree 
magnetic, showing the infiuence of the increased 
proportion of chromic acid. Solutions of either 
salt pointed well equatorially and were repelled ; 
thus showing the diamagnetic influence of the 
water present (2422). 

2375. Aft just stated, a solution of the bi- 
chromate contained in a tube, pointed equa- 
torially and waa repelled; but if the same solu- 
tion had a little alcohol added to it, and also 
some pure muriatio or sulphuric add, and were 
then heated to a few minutes to reduce the 
ohromie acid to i^e state of oxide or chloride, 
on bdng returned to the tube and subr 
jseted to magnet, it wee found strongly 
magnetic. 

2377.';! think it has before been said that 
chromium is a magnetic metal; as these reisuits 
have been obtained’ with its pure compounds, 

> PhitonfpUeai kmnne, 1346, Vol. XXVII, p. 2. 


dieio ie im fonger any 

such 18 the ease, ; ( , 

2378. Lead. The compounds of lead pdbt 
equatorially and are rep^ed. The substances 
tried were the chloride, iodide, sulphuret, nik 
trate, sulphate, phosphate, carbonate, protou^ 
ide fused, and the acetate. A portion of very 
carefully crystallized nitrate bdng dissolved 
was precipitated by pure zinc, and ihe lead ob* 
tain^ washed with dilute nitric acid, to re- 
move subsalts. Such lead was free from mag- 
netism, and therefore the metal ranks in tto 
diamagnetic class, both directly and by its 
compounds. Lead usually appears to be mag- 
netic, and it is not very easy to obtain the met* 
al in the pure diamagnetic state. 

2379. Platinum. 1 have, as yet, found no 
wrought specimens of this metal free from mag^ 
netism, not even those prepared by Dr. 
laston himself, and left with the Royal Society. 
Specimens of the purest platinum obtain^ 
from Mr. Johnson were also found to be slight- 
ly magnetic. 

2380. Clean platinum foil and cuttings were 
dissolved in pure nitro-muriatic acid, and the 
solution evaporated to dryness. Both the solu- 
tion and the dry chloride pointed equatoridly 
and were repelled by the magnet. A part of the 
chloride, being dissolved and rendered add, 
was precipitate by an acid solution of muriate 
of ammonia, and the ammonio-chloride of plat- 
inum washe and dried : it also, at the magneti 
pointed equatorially and was repelled. A por- 
tion of this ammonio-chloride, decomposed in 
a flint-glass tube by heat, gave spongy plati- 
num, which being pressed together into a cake, 
pointed axudly and was attracted at the side 
of the magnetic pole, being magnetic. 

2381. At present I believe that platinum is 

as a metal magnetic, though very sligh% so^ 
and that in tiie compounds, the chainge of state 
and the presence of other substances having 
the diamagnetic dmracter, are sufiSdent to 
cover this property and make the whole com^ 
pound diamgnetio (2422). ^ i 

2382. Palladium. All the palladium in.fte 

possession of the Royal Sodety, prepared. tQr 
Dr< Wollastcm, amounting to ten ini^ta and 
rolled plates, is magnetic. Specimens , 
metal from 1^. Johnson, conddered aa pulr^; 
were also slightly The 

ammonichbi^lo^, and tiie eymiurd» Of 
ladium, iksnted equatorially ax^wnrerepMefi 
by the magnet. Hie same<^iPanttret^ 

hmt dther in open platinum vesftdsOr inidoffe 
glasB tubes, gave palladium 



m FARADAY XXI 


6i magnetic property. Some of Wollas- 
ton’s palladium was dissolved in pure nitro- 
fonriatie acid, and the solution slowly acted 
upon by pure zinc, free from iron, and not mag- 
netic. £1ve successive portions of the precipi^ 
tated metal were collected, and aU were mag- 
netic. Ammonio-bichloride of palladium was 
t>repared from the same solution by pui'e acid 
muriate of ammonia, and digested in nitro- 
muriatic acid. The salt itself was repelled, be- 
ing diamagnetic; but when reduced by heat in 
glass tubes, or in Berlin capsules, the palla- 
dium obtained was magnetic. From the result 
of all the experiments, I believe the metal to be 
feebly but truly magnetic. 

2383. Arsenic. This metal required very par- 
ticular examination, and even when carefully 
sublimed twice or thrice in succession, pre- 
sented appearances which sometimes made me 
class it with the magnetic, and at other times 
with the diamagnetic bodies. On the whole, I 
incline to believe that it belongs to the latter 
series of substances, being only in a very small 
degree removed from the zero or medium point. 
Pure white arsenic points freely in an equatorial 
direction, and is repelled by a magnetic pole. 

2384. In reference to the pointing of short 
bars between magnetic poles exposing large 
dat faces, I ought to observe, that such bars 
will sometimes point axially and seem to be 
mastic when they do not belong to that 
cla^, and are repelled by a single pole. The 
cause of this effect has been already given 
(2298, 2299), and is obviated by the use of 
pdes having wedge-shaped or conical termina- 
tions. 

' 2385. Omivm. Osmic acid from Mr. John- 
son, in fine transparent crystals, was clearly 
diamagnetic, being repelled. Specimens of the 
metal and of the protoxide were both slightly 
ma^ietic. The protoxide had been obtained by 
the action of alcohol on a solution of osmic 
acid which had twice been distilled with water, 
and the metal was believed to be perfectly free 
from other substances. Probably, therefore, os- 
Bittim belongt to the magnetic class. 

'2386. Iridium. Mr. Johnson supplied me with 
Several preparations of iridium. The oxide, 
dhloride, and ammonio-ohloride were magnet- 
ic; and so was a sample of the metal. One spee- 
iitien of the metal, which seemed to be very 
^ure, was scarcely at all magnetic; and on the 
whole, I incline to believe tiiat iridium does 
mi staxid in the magnetic class. 

2887. SAocKiim. A wefi^fused specimen of this 
lliaMsl, prepared by Dr. Wollasion, was mag- 


netic; but crystals of the chloride and the so- 
dio-chloride of rhodium prepared by the same 
philosopher, and others also from Mr. John- 
son, were not magnetic, but pointed well equo- 
torially. I conclude, therefore, that the metal 
is probably not magnetic, or if magnetic, is but 
little removed from the zero point. 

2388. Uranium. Peroxide of this metal was 
obtained not magnetic; protoxide very slightly 
magnetic: I have set the metal for the present 
in the diamagnetic class. 

2389. Tungsten. The oxide of this metal, and 

also the acid, were submitted to examination, 
and found to. point well equatorially. The acid 
was distinefly repelled by a single magnetic 
pole; the oxide appeared nearly neutral! Hence 
I have, for the present, considered tungsten as 
a diamagnetic metal. \ 

2390. Silver is not magnetic (2291), nor its 

compounds. \ 

2391. Antimony is not magnetic (2291), nor 
its compounds. 

2392. Biemuth is not magnetic (2291), nor 
its compounds. 

Having tried many of the compounds of each 
of these three metals, I thought it well to re- 
cord the accordance existing between them and 
their metallic bases (2370). 

2393. Sodium. A fine large globule, equal to 
half a cubic inch in size, was well repelled, and 
is therefore diamagnetic. 

2394. Magnesium. None of the compounds 
or salts of this base is magnetic. 

2395. 

Calcium Sodium 

Strontium Potassium 

Barium Ammonia 

None of the compounds or salts of these sub- 
stances is magnetic. 

2396. From the characters, therefore, of the 
compounds, as well as from direct evidence in 
respect of some of the metals, it would appear 
that, besides iron, nickel, and cobalt, the fol- 
lowing are also magnetic; namely, titanium, 
mangan^, cerium, chromium, palladium, plat- 
inum. It is, however, very probable that there 
may be metals possessing distinct magnetic 
power, yet in so slight a degree, as, like plati- 
num and palladium, not to exhibit in thdr com- 
pounds any sensible trace of it. Such may be 
the case with tungsten, uranium, rhodium, Ac. 

2397. 1 have heated several of the diamag- 
netic metals, even up to their fdsing-points, 
but have not been able to observe any change, 
either in the dharacter or degm of their mag- 
netic relations. 



Dec. I84fi ELECJTRIOTY m 


2398. Perimps the cooling of some of the 
metals, whose compounds, like those of iron, 
nickel and cobalt, are magnetic, might develop 
in them a much higher degree of force, than 
any which they have as yet been known to pos- 
sess. Manganese, chromium, cerium, titanium, 
are metals of much interest in this point of 
view. Osmium, iridium, rhodium and uranium 
ought to be subjected with them to the same 
trial. 

2399. The followii^ is an attempt to arrange 
some of the metals in order, as respects their 
relation to magnetic force. The 0® or medium 
point is supposed to be the condition of a metal 
or substance indifferent to the magnetic force 
as respects attraction or repulsion in air or 
space. The farther substances are placed from 
this point, the more distinctive are they as re- 
gards their attraction or repulsion by the mag- 
net. Nevei theless tliis order may, very prob- 
ably, be found inaccurate by more careful ob- 
servation. 


Magnetic 

Diamagnetic 

Bismuth 

Antimony 

Zinc 

Tin 

Cadmium 

Sodium 

Iron 

Mercury 

Nickel 

Lead 

Cobalt 

Silver 

Manganese 

Copper 

Chromium 

Gold 

Cerium 

Arsenic 

Titanium 

Uranium 

Palladium 

Rhodium 

Platinum 

Iridium 

Osmium 

Tungsten 


0 ^ 

If vi. Action of Magnets on Air and Gases 

2400. It was impossible to advance in an ex- 
perimental investigation of the kind now de- 
scribed, without having the mind impressed 
with various theoretical views of the mode of 
action of the bodies producing the phenomena. 
In the passing consideration of these views, the 
apparently middle condition which air held 
l>etween magnetic and diamagnetic substances 
was of the utmost interest, and led to many ex- 
periments upon its probable influence, which I 
will now proceed briefly to describe. 

2401. A thin flint-glass tube, in which com- 
jnon air was hermetically enclosed, was placed 
between the magnetic poles (2249) surrounded 
by air, and the effect of the magnetic force ob- 
served upon it. There was a very feeble tend:^ 


^cy of the tube toan equatorial position, due 
to the substance of the tube in which the air 
was enclosed. 

2402. The air was then withdrawn from 
around the tube more or less, and at last up to 
the highest amount which a good air-pump 
would effect; but whatever the degree of rare- 
faction, the tube of air still seemed to be af- 
fected exactly in the same manner as if sur- 
rounded by air of its own density. 

2403. I then surrounded the air-tube with 
hydrogen and carbonic acid in succession; but 
in both these, and in each of them at different 
degrees of rarefaction, the tube of air remained 
as indifferent as before. 

2404. Hence there appears to be no sensible 
distinction between dense or rare air; or, as far 
as these experiments go, between one gas or 
vapour and another. 

2405. As it did not seem at all unlikely that 
the equatorial and axial set of bodies, or their 
repulsions and attractions, might depend upon 
converse actions of the media by which they 
were surrounded (2361), so I proceeded to ex- 
amine what would occur with diamagnetic sub- 
stances, when the air or gas which surrounded 
them was changed in its density or nature, or 
what would happen to air itself vrhen surround- 
ed by these substances. 

2406. The air tube (2401) vras suspended 
horizontally in water (being retained below 
the surface by a cube of bismuth attached to it, 
just beneath the point of suspension, which 
therefore could have no power of giving it di- 
rection) ; it was then subjected to the magnetic 
forces, and immediately pointed well in an ax*» 
ial direction, or as a magnet would have done. 
Bemg brought near to one pole, it moved, on 
the supervention of tlie magnetic force, appear- 
ing as if attracted after the manner of a mag- 
netic body; and this continued as long as the 
magnetic force was sustained in action. 

2407. The air-tube was in like manner subi- 
jected to the action of the magnetic force, when 
surrounded by alcohol, and also by oil of tur- 
pentine, with precisely the same results as in 
water. In all these cases the action of air in the 
fluids was precisely the same as the action of a 
magnetic body in air. The air-tube was sub-, 
jected to the action of the magnet even whm 
under the surface of mercury, and here also it’ 
pointed axially. 

2408. In order to extend the experimental^ 
relations of air and gases, I proceeded to place 
substances of the diamagn^ic class in thein. 
TIuib the bar of heavy glass (22SS> was sua-^ 
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pc^idod in aii4 tim tbe air alx>u^ 

more or last rarefied, btit ae before, in &e case 
of the air-tube (2402), alterations of this kind 
p!oduoed no effect. Whether the bar were in 
air at the ordinary pressure, or as rare as the 
pun^ could render it, it still pointed equato- 
zialiy, and apparently always with the same 
degm of force. 

2409. The bar of bismuth (2296) was sus- 
pended in the jar and the same alteration in 
the density of the air made as before; but this 
caused no difference in the action of the bis- 
mutii, either in kind or degree. Carbonic acid 
and hydrogen gases were then introduced in 
succession into the jar, and these also were em- 
ployed in different degrees of rarefaction, but 
the results were the same; no change took place 
m the action on the bismuth. 

_^2410. A bismuth cube was suspended in air 
and gases at ordinary pressure, and also rare- 
fied as much as could and under these cir- 
cumstances it was brought near the magnetic 
pole and its repulsion observed; its action was 
in all these cases precisely the same as in the 
atmosphere. 

2411. The perpendicular copper bar (2323) 
was suspended near the magnetic pole in vaetto^ 
but its set, sluggish movements and revulsion 
were just the same as before in air (2324). 

2412. The following preparations in tubes 
(2401), namely, a vacuum, air, hydrogen, car- 
bonie acid gas, sulphurous acid gas, and va- 
pour of ether, were surrounded by water, and 
then subjected to the magnetic force; they all 
pointed axially, and, as far as I could percdve, 
wHh equal force. Being placed in alcohol, the 
same effect occurred. 

2413. The same preparations being surround- 
ed by air, or by carbonic acid gas, all set equa- 
tori^y- 

2414. Hie axial position of the tubes in the 
liquid (2412) depends, doubtless, upon the re- 
lation of the contents of the tube to the sur- 
roimding medium; for as far as the matter of 
fhe tube is concerned, it alone would have 
tended to ^ve the equatorial podtion. In the 
foilowingsueoeeding experiments (2413), where 
the tub» of gasc» in surrounding gases, 
^ equatorial position is due to this ^ect of 
the glass of the tube; and that it should pto- 
<kee its eonstant MAe effect, undisturbed by 
ail the variations of the gases and vapours, is a 
pnopf how like and how iudiSerent these Are 

to the other; 

Mlb. l suspended a tube of Hquid aulplior- 
in gaseous mApImom acid; when ua- 


d^ the magnedc infium^oe^ the liquid pdteted 
wdl equatorhdly. I surrounded liquid niWous 
acid by gaseous nitrous add; the liquid point- 
ed well equatorially. I plac^ liquid et^ ie 
the vapour of ether; the former pointed equa- 
torially . Upon suspending the tute of vapour of 
ether in liquid ether, the vapour pointed axially. 

2416. In every kind of trial, therefore, and 
in every form of experiment, the gases and va- 
pours still occupy a medium position between 
the magnetic and the diamagnetic classes. Fur- 
ther, whatever the chemical or other proper- 
ties of the substances, however different in 
their specific gravity, or however varied in 
their own'dlegree of rarefaction, they all be- 
come alike in their magnetic relation, ^d ap- 
parently equivalent to a perfect vacuuxi^. Bod- 
ies which are very marked as diamagnetic 
substances, immediately lose ail traces 4f this 
character when they become vaporous (2415). 
It would be exceedingly interesting to Know 
whether a body from the magnetic class, as 
chloride of iron, would undergo the same change. 

H vii. General Consideraiiona 

2417. Such are the facts which, in addition 
to those presented by the phenomena of light, 
establish a magnetic action or condition of mat- 
ter new to our knowledge. Under this action, 
an elongated portion of such matter usually 
(2253, 2384) places itself at right angles to the 
lines of magnetic force; this result may be re- 
solved into the simpler one of repulsion of the 
matter by either magnetic pole. The set of the 
elongated portion, or the repulsion of the whole 
mass, continues as long as the magnetic force 
is sustained, and ceases with its cessation. 

2418. By the exertion of this new condition 
of force, the body moved may pass either 

the magnetic lines or across them; and it may 
move along or across them in either or any di- 
rection. So that two portions of matter, simul- 
taneoudy subject to this power, may be made 
to approach each other as if they were mutu- 
ally attracted, or recede as if mutually repelled. 
All the phenomena resolve themselves into 
this; that a portion of such matter, when under 
magnetic action, tends to move from stronger 
to weaker places or points of force. When the 
substance is surroui^ed by lines of magnetic 
force of equal pow^ on all sides, it does not 
tend to move, and is then in marked contra- 
distinction witii a linear current of dectncity 
under the same circumstances. 

2419. tins oonditiim:i and effect are 
onlym vespec^ to the exettbn of power by s 
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magnet over {ireviotidy BUt^poaed^to be 
indiffeiTeid; to its iofluencef bat are netssa a m e g * 
netie aetioix^ preBentmg ub with a second mode 
in which the magnetic power can exert its in^ 
fiuence. These two modes are in the same gen- 
eral antithetical relation to each other as posi- 
tiveand negative in electricityi or as northness 
and southnesB in polarity, or as the lines of 
electric and magnetic force in magneto-dec- 
tricity; and the diamagnetic phenomena are 
the more important, because they extend large- 
ly, and in a new ctirection, that character of 
duality which the magnetic force already, in a 
certain degree, was known to possess* 

2420. AU matter appears to he subject to the 
magnetic force as universally as it is to the 
gravitating, the electric and the chemical or 
cohesive forces; for that which is not affected 
by it in the manner of ordinary magnetic ac- 
tion, is affected in the manner I have now de- 
scribed; the matter possessing for the time the 
solid or fluid state. Hence substances appear to 
arrange themselves into two great divisions; 
the magnetic, and that which 1 have called the 
diamagnetic classes; and between these classes 
the contrast is so great and direct, though vary- 
ing in degree, that where a substance from the 
one class will be attracted, a body from the 
other will be repelled; and where a bar of the 
one will assume a certain position, a bar of 
the other will acquire a position at right angles 
to it. 

2421. As yet 1 have not found a single solid 
or fluid body, not being a mixture, that is per- 
fectly neutral in relation to the two lists; i.e«, 
that is neither attracted nor repelled in air. It 
would probably be important to the consider- 
ation of magnetic action, to know if there were 
any natural simple substance possessing this 
condition in. the solid or fluid state. Of com- 
pound or mixed bodies there may be mmy; 
and as it may be important to the advance- 
lAcnt of experimental investigation, I will de- 
scribe the prindples on which such a substance 
was prepared when required for use as a cm- 
cumamUent medium. 

2422. It k manifest that the propMies of 

noetic and diamagnetic bodies are in oppo- 
sition as respects dynamic dffeets; f^, 
therefore, that by a due mixture of bodies from 
each class, a substance having any intermedi- 
ate degree of the prop^ty of either may be ob- 
tained. Brotosul^ate <rf koa belongs to the 
Magnetic, and water to the diamagnetic dikss; 
^ i found it esi^ to 

wMoh^^ attracted 


nor ladled; not pAUi when in aiir; &iidi 4 
solution pointed axidSy when surroimded by 
water. If made somewhat weaker in respect cl 
the iron, it would point asdally in water but 
equatorially in air; and it could be made to 
p^s more and more into the magnetic or the 
diamagnetic class by the addition of more «il- 
phate of iron or more water. 

Thus a fiuid me^um was obtained, 
which, practically, as far as I could perceive, 
had every magnetic character and effect of e 
gas, and even of a vacuum; and as we possess 
lx>1h magnetic and diamagnetic glass (2354), 
it is evidently possible to prepare a solid su^ 
stance possessing the same neutral magnetic 
character. 

2424, The endeavour to form a general list of 
substances in the present imperfect state of our 
knowledge would be very premature: the one 
below is given therefore only for the purpose of 
conveying an idea of the singular association 
under which bodies come in relation to mag- 
netic force, and for the purpose of general ref- 
erence hereafter: 

Iron 

Nickel 

Cobalt 

Manganese 

Palladium 

Crown-glass 

Platinum 

Osmium 

0° Air and vacuum 
Arsenic 
Ether 
Alcohol 
Gold 
Water 
Mercury 
Flint-glass 
Tin 

Heavy gla^s 
Antimony 
Phosphorus 
Bisznuth 

2425. It is very interesting to observe that 
metals are the mbstances which stand at flbe 
extremities of the list, being of all bodies tiiose 
which aremosi powerfully opposed to each oHh 
er in their magnetic condition. It is also a veiy 
remarkabietirQumstanoe^ that thesedifferMW 
and d^rturbei from the medium conditi^ivsb : 
in the metids M the two extremes; iron 

muth, associated with a small cx>mliiol^gpO^ 
er for electiidty. At the same time tim 
between tiiese metals, as to their ftbrous and 
granular static tbrir sialleable and btitUe chMy 
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acter^ wUi pr€S8 upo& the mind whilst con- 
templating the possible condition of their mde- 
cules when subjected to magnetic force. 

2426. In reference to the metals, as well as 
the diamagnetics not of that class (2286), it is 
satisfactory to have such an answer to the 
opinion that all bodies are magnetic as iron, as 
does not consist in a mere negation of that 
which is affirmed, but in proofs that they are 
in a different and opposed state, and are able 
to counteract a very considerable degree of 
magnetic force (2448). 

2427. As already stated, the magnetic force 
is so strikingly distinct in its action upon bodies 
of the magnetic and the diamagnetic class, 
that when it causes the attraction of the one it 
pi-oduces the repulsion of the other; and this 
we cannot help referring, in some way, to an 
action upon the molecules or the mass of the 
substances acted upon, by which they are 
thrown into different conditions and affected 
accordingly. In that point of view it is very 
striking to compare the results with those which 
are presented to us by a polarized ray, espe- 
cially as then a remarkable difference comes 
into view; for if transparent bodies be taken 
from the two classes, as for instance, heavy 
glass or water from the diamagnetic, and a 
piece of green glass or a solution of green vit- 
riol from the magnetic class, then a given line 
of magnetic force will cause the repulsion of 
one and the attraction of the other; but this 
same line of force, which thus affects the parti- 
cles so differently, affects the polarized ray 
when passing through them precisely in the 
same manner in both cascb; for the two bodies 
cause its rotation in the same direction (2160, 
2199, 2224). 

2428. This consideration becomes even more 
important when we connect it with the dia- 
magnetic and the optical properties of bodies 
which rotate a polarized ray. Thus the iron so- 
lution and a piece of quartz, having the power 
to rotate a ray, point by the influence of the 
Bome line of magnetic force, the one axially and 
tiie other equatorially; but the rotation which 
18 impressed on a ray of light by these two bod- 
ies, as far as they are under the influence of the 
same magnetic force, is the same for both. Fur- 
ther^ this rotation is quite independent of, and 
^uite unlike that of the quartz in a most im- 
portant point; for tiie quartz by itself can only 
rotate tlto ray in one direction, but under the 
isB&nexm of i^e maipietic force it can rotate it 
both to the right and left, according to the 
^eourse of the my (2231, ^2). Or, if two pieces 


of quartz (or two tubes of oil of turpentine) be 
taken which can rotate the ray different ways, 
the further rotative force manifested by them 
when under the dominion of the magnetism is 
always the same way; and the direction of that 
way may be made either to the right or left in 
either Gr 3 rstal of quartz. All this time the con- 
trast between the quartz as a diamagnetic, and 
the solution of iron as a magnetic body remains 
undisturbed. Certain considerations regarding 
the character of a ray, arising from these con- 
trasts, press strongly on my mind, w^hich, when 
I have had time to submit them to further ex- 
periment, I Ijope to present to the Society. 

2429. TKeoretically, an explanationj of the 
movements of the diamagnetic bodies, Wd all 
the dynamic phenomena consequent upon the 
actions of magnets on them, might be Offered 
in the supposition that magnetic induction 
caused in them a contrary state to that which 
it produced in magnetic matter; i.e., that if a 
particle of each kind of matter were placed in 
the magnetic fieki both would become mag- 
netic, and each would have its axis parallel to 
the resultant of magnetic force passing through 
it; but the particle of magnetic matter would 
have its north and south poles opposite, or fac- 
ing towards the contrary poles of the inducing 
magnet, whereas with the diamagnetic parti- 
cles the reverse would be the case; and hence 
would result approximation in the one sub- 
stance, recession in the other. 

2430. Upon Amp6re^s theory, this view would 
be equivalent to the supposition, that as cur- 
rents are induced in iron and magnetics par- 
allel to those existing in the inducing magnet 
or battery wire; so in bismuth, heavy gkiss and 
diamagnetic bodies, the currents induced are 
in the contrary direction. This would make the 
currents in diamagnetics the same in direction 
as those which are induced in diamagnetic con- 
ductors at the commencement of the inducing 
current; and those in magnetic bodies the same 
as those producecLat the cessation of the same 
inducing current. No difficulty would occur as 
respects non-conducting magnetic and diamag- 
netic substances, because the hypothetical cur- 
rents are supposed to exist not in the mass, but 
round the particles of the matter. 

2431. As far as experiment yet bears upon 
such a notion, we may observe, that the Imown 
inductive effects upon masses of magnetic and 
diamagnetic metals arc the same. If a straight 
rod of iron be carried across magnetic 
forc^ or if it, or a hriix<rfiron r^or ^ 
hdd near a imsgnet, as the power in 
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eleetric currents are induced, ivbieh move 
through the bars or helix in certain determi- 
nate directions (38, 114, &c.). If a bar or a helix 
of bismuth be employed under the same cir- 
cumstances the currents are again induced, 
and precisely in the same direction as in the 
iron, so that here no difference occurs in the di- 
rection of the induced current, and not very 
much in its force, nothing like so much indeed 
as between the current induced in either of 
these metals and a metal taken from near the 
neutral point (2399). Still there is this differ- 
ence remaining between the conditions of the 
experiment and the hypothetical case; that in 
the former the induction is manifested by cur- 
rents in the masses, whilst in the latter, i.e., in 
the special magnetic and diamagnetic effects, 
the currents, if they exist, are probajjly about 
the particles of the matter. 

2432. The magnetic relation of aeriform bod- 
ies is exceedingly remarkable. That oxygen or 
nitrogen gas should stand in a position inter- 
mediate between the magnetic and diamag- 
netic classes; that it should occupy the place 
which no solid or liquid element can take; that 
it should show no change in its relations by 
rarefaction to any possible degree, or even 
when the space it occupies passes into a vacu- 
um; that it should be the same magnetically 
with any other gas or vapour; that it should 
not take its place at one end but in the very 
middle of the great series of bodies; and that 
all gases or vapours should be alike, from the 
rarest state of hydrogen to the densest state of 
carbonic acid, sulphurous acid, or ether va- 
pour, are points so striking, as to presuade one 
at once that air must have a great and perhaps 
an active part to play in the physical and ter- 
restrial arrangement of magnetic forces. 

2433. At one time I looked to air and gases 
as the bodies which, allowing attenuation of 
their substance without addition, would per- 
mit of the observation of corresponding varia- 
tions in their magnetic properties; but now all 
such power by rarefaction appears to be taken 
fi-way; and though it is easy to prepare a liquid 
medium which shall act with other bodies as 
air does (2422), still it is not truly m the same 
rriation to them; neither does it allow of dilu- 
tion, for to add water or any such substance is 
to add to the diamagnetic power of the liquid; 
®ud if it were possible to convert it into vapour 
tod so dilute it by heat, it would pass into the 
class nf gases and be magnetically undistin- 
guishaMe from the rest. 


2434. It is also vmy remarkable to observe 
the apparent disappeamnce of magnetic con?* 
dition and effect when bodies assume the vsr 
porous or gaseous state, comparing it at the 
same time with the similar relation to light; 
for as yet no gas or vapour has been made to 
show any magnetic influence over the polarized 
ray, even by the use of powers far more than 
enough to manifest sudi action freely in Liquid 
and solid bodies. 

2435. Whether the negative results obtained 
by the use of gases and vapours depend upon 
the smaller quantity of matter in a given vol- 
ume, or whether they are direct consequences 
of the altered physical condition of the sub- 
stance, is a point of very great importance to 
the theory of magnetism. I have imagined, in 
elucidation of the subject, an experiment with 
one of M. Cagniard de la Tour’s ether tubes, 
but expect to find great difficulty in carrying it 
into execution, chiefly on account ef the 
strength, and therefore the mass of the tube 
necessary to resist the expansion of the im- 
prisoned heated ether. 

2436. The remarkable condition of air and 
its relation to bodies taken from the magnetic 
and the diamagnetic classes, causes it to point 
equatorially in the former and axially in the 
latter. Or, if the experiment presents its results 
under the form of attraction and repulsion, the 
air moves as if repelled in a magnetic medium 
and attracted in a medium from the diamag- 
netic class. Hence it seems as if the air were 
magnetic when compared with diamagnetic 
bodies, and of the latter class when compared 
with magnetic bodies. 

2437. IThis result I have considered as ex- 
plained by the assumption that bismuth and 
its congeners are absolutely repelled by the 
magnetic poles, and would, if there were noth- 
ing else concerned in the phenomenon than the 
magnet and the bismuth, be equally repelled. 
So also with the iron and its similars, the at- 
traction has been assumed as a direct result of 
the mutual action of them and the magnets; 
further, these actions have been admitted as 
Buflicient to account for the pointing of the air 
both axially and equatoiiaUy, as also for its 
apparent attraction and repultion; the effect 
in these cases being considered as due to the 
travelling of the air to those positions whidii tiie 
magnetic or diamagnetic bodies tended toleam 

2438. The effects with air are, however, in 
these results precisely the same as those which 
were obtained with the solutions of max iclrsr 
nous streactiw (2365), wheie oB the bo^ ^ 
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loDgdd to t!»i j&ftgoetic dm, and wherethoof^ 
Itet was evideiitly due to the gseater or smaller 
{kigreeol magiietie power possessed by theso- 
lutions. A weak solution in a skong^ pointed 
s^uatorially and was repelled like a diamag^ 
netie, not because it did not tend by attraction 
to an axial position, but because it tended to 
that position with less force than the matter 
around it; so the question will enter the mind, 
whether the diamagnetics, when in air, are re- 
pelled and tend to the equatorial position for 
any other reason, than that the air is more mag- 
n^c than they are, and tends to occupy 
axial space. It is easy to perceive that if all 
bodies were magnetic in different degrees, fonn- 
ing one great series from end to end, with air 
in the middle of the series, the ^ects woidd 
take place as they do actually occur. Any body 
frimii the middle part of the series would point 
equatorially in the bodies above it and axially 
in those beneath it; for the matter which, like 
Irismuth, goes from a strong to a weak point 
of action, may do so only because that sub- 
stance, which is already at the place of weak 
action, tends to come to the place where the 
action is strong; just as in electrical induction 
the bodies best fitted to carry on the force are 
(faawn into the shortest line of action. And so 
air In water, or evmi under mercury, is, or ap- 
pears to be, drawn towards the magnetic pole* 

. 2439. But if this were the true view, and air 
had such power amongst other bodies as to 
stand in tiie midst of them, then one would be 
led to expect that rarefaction of the air would 
affect its place, rendering it, perhaps, more dia- 
magnetic, or at all events altering its situation 
in tire list* If such w^ the case, bodies that 
set equatorially in it in one state of density, 
woulci as it varied, change their potition, and 
at last set axtallyi^t this they do not do; and 
wbetiier the rarefied air be compared with the 
magnetic or the diamagnetic class, or even with 
deiM air, it ke^ its place. 

S SwAl a view also would make mere 
qpaee mapietic, and precisely to the same de^ 
M air and gases. Now though it may very 
w^ .be^ timt api^ air and gases, have the 
samegeniffidrekdiQ^ 

tome a gieatmiititioiiai assumption to suf^xm 
tiuKt tii^ are aU ahtoliitoly magnetic, and in 
tiie mkist oi a series of bo^ , rather tiian to 
suppose that toey are m A imn&ri or sero sto^ 

' for the present, toerefore^ I incline to tiiefor- 
AsAr view, and 1^^ that 

i^aoiaagnetim have a midSio action m^thet*^ 
hem ordbsaay 


and have.tim8.;meseiite^ witii a nrietaatie 
ixoperty mw tooinr kn^^ 

2^. The amount of this pow^ in diamag- 
netic substances seems to be very small, when 
estimated by its dynamic effect, but the mo- 
tion which it can generate is perhaps not ^ 
most striking measure of its force; and it is 
probable that when its nature is more inti- 
mately known to us, other effects produced by 
it and other indicators and measurers of , its 
powers, than those so imperfectly made known 
in tins paper, will come to our knowledge; and 
perhaps even new classes of phenomena will 
serve to makQ it mcmifest and indicate its op- 
eration* It Is Very striking to observe the feeble 
condition of a helix when alone, and toe as- 
tonishing force which, in giving and recmving, 
it manifests by association with a piece soft 
iron* So also here we may hope for some Analo- 
gous development of this element of pow^, so 
new as yet to our experience* It cannot for a 
moment be supposed that, being given to nat- 
ural bodies, it is either superfluous or insuffi- 
cient, or unnecessary. It doubtless has its ap- 
pointed office, and that one which relates to 
the whole mass of the globe; and it is probably 
because of its relation to the whole earth that 
its amount is necessarily so small (so to speak) 
in the portions of matter which we handle and 
subject to experiment. And small as it is, how 
vastly greater is this force, even in dynamic 
results, than the mighty power of gravitation, 
for instance, which binds the whole universe 
together, when manifested by masses of matter 
of equal magnitude! 

2^* With a full conviction that the uses of 
this power in nature will be developed here- 
after, and that they will prove, as all other 
natural results of force do, not merely impor- 
tant but essential, I will venture a few hasty 
obs^vations* 

2443. Matter cannot thus be affected by the 
magnridc forces without bemg itself concerned 
in the pb^ommK)n«»and exerting in turn a due 
amount of influence upon the magnetic force. 
It requires mere observation to besatisfied that 
when a magnet is acting upon a piece of sdt 
iron, the iron itstif , by toe eonditfam wUeb its 
particles assume^ carries on toe flnce tod^ut 
points, giving it dkeeticm and eoncenkration in 
a manner most striking. So also here the condi- 
tion whito the partidAs of intertonuig diamag- 

netioB acquire, nwy be tiieveiycQiiifiticmwbito 

cames on imd causes toe trainaf^ 
throits^ them. In fqrmer papers (1161,: Ac»)^ 1 

iPaOetopStel srraniiBeStoif,-t888,?PiMrt l«t^ ^ 
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propom^ a tiieeiiy ol^leetiie^ hmd- 

ed on tha action , of contiguous partidea with 
which l am now even more content than at the 
time of its fuoposition: and I then ventured to 
suggest tiiat probably the lateral action of dec** 
trical currents which is equivalent to electro- 
dynamic or magmtic action, was also conveyed 
onwards in a similar manner (1663, 1710, 1729, 
1735). At that time 1 could discover no pecu- 
liar condition of the intervening or duunagnetie 
matter ; but now that we are able to difltingnifth 
such an action, so like in its nature in bodies so 
unlike in theirs, and by that so like in character 
to the manner in which the magnetic force per- 
vades all kinds of bodies, being at the same 
time as universal in its presence as it is in its 
action; now that diamagnetics are shown not 
to be indifferent bodies, I feel still mpre confi- 
dence in repeating the same suggestion, and 
asking whether it may not be by the action of 
the contiguous or next succeeding particles that 
the magnetic force is carried onwards, and 
whether the peculiar condition acquired by dia- 
magnetics when subject to magnetic action, 
is not that condition by which such propaga- 
tion of the force is affected? 

2444. Whichever view we take of solid and 
liquid substances, whether as forming two lists, 
or one great magnetic class (2424, 2437), it will 
not, as far as I can perceive, affect the ques- 
tion. They are all subject to the influence of 
the magnetic lines of force passing throu^ 
them, and the virtual difference in property 
and charact^ between any two substances tak- 
en from different places in the list (2424) will 
be the same; for it is the differential relation of 
the two which governs their mutual effects. 

2445. It is that group which includes air, 
gases, vapours, and even a vacuum which pre- 
sents any difficulty to the mind ; but here there 
is such a wonderful change in the physical con- 
stitution of the bodies, and such high powers 
in some respects are retained by them, whilst 
others seem to vanish, that we might almost 
expect some peculiar condition to be assumed 
in r^rd to a power so universal as the m^- 
netic force. Electric induction being an action 
through distance is varied enough amoilgst sol- 
id and liquid bo^es; but, when it coinqs to be 
exerted in au> or leases, where it most manifest- 
iy exists, it |b afike in amount in (1292) ; 
ntithw 40 es it wy in degree in m however 
rare or dense it ipay be (1284). Now ma^etic 
actioh n^y be o<msMeiod a mere function of 
electric foirC4^ andif it should be found to 

thk particular vela- 


tlon toBu^ gasei^dbi^^it w<mld zmtes^ 
mind any surprise. > 

2446. In rrfeienoe to the mann^ in whush It 
is po^ble for electric force, either static or dy« 
namic, to be transferred from particle to par- 
tide when they are lU; a distance from ea^ 
other, or across a Vacuum, I have nothing to 
add to what I have said before <1614, Ac.). The 
supposition that such can take place, can pre^ 
sent nothing startling to the mind of those who 
Imve endeavoured to comprehend the radUir 
tion and the conduction of Wt under one prior 
ciple of action. 

2447. When we consider the magnetic oomlit* 
tion of the earth as a whole, witixout reference 
to its possible relation to the sun, and reflect 
upon the enormous amount of diama^etic 
matters which, to our knowledge, forms its 
crust; and when we remember that magnetic 
curves of a certain amount of force and uni^ 
versa! in their pres^ce, are pasting throt;#L 
these matters and keeping them constantly in 
that state of tension, and thm^efore of action, 
which I hope successfully to have developed, 
we cannot doubt but that some great purpose 
of utility to the system, and us its inhabitants, 
is thereby fulfilled, which now we shdl have 
the pleasure of searchmg out. 

2448. Of the substances which compose the 
CFuti; of the earth, by far the greater portion 
belongs to the diamagnetic class; and though 
ferruginous and other ma^etic matters, bei^ 
more energetic in their action, are consequent- 
ly more striking m their phenomena, we ehoidd 
be hasty in assuming that therefore they oim- 
rule entirely the effect of the former bodies. As 
regards the ocean, lakes, rivers, ami tiie atmosh 
phere, they will exert their peculiar effect sd- 
most uninfluenced by any magnetic matter in 
them; and as respects the rocks and mountains, 
their diamagnetic influence is perhaps greater 
than might be anticipated. I mentioned tiiatl^ 
adjusting water and a salt of inm togetho:’, I 
obtained a solution inactive in air (2422) ; that 
is, by a due association of the forces of a bodf 
from eadht tiasa, water and a salt of iron, 
magnetic force of the latter was entirely coun«-. 
teraoted by the diamagnetic force of feS^ 
mer, and the ^mixture was neither attract 
me repeUed. To produce this effect, it required 
that , more than 48.6 grains of crystallised peo- 
tosulphate of iron should be added to 10 cubic 
indieB cl Water (for these proportions gave a 
sohiticn whiidi stiU.set equaUniaHy), a quan^ 
tity BO.Iaiwei timt 1 was grea/tiy 

obsesving tieaiHnm of the wa^ 
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H. It is not therefore at all unlikely that many 
of the masses which form the crust of this our 
globe may have an excess of diamagnetic pow- 
er and act accordingly. 

2449. Though the general disposition of the 
magnetic curves which permeate and surround 
our globe resemble those of a very short mag- 
net, and therefore give lines of force rapidly 
diverging in their general form, yet the magni- 
tude of the system prevents us ^om observing 
any diminution of their power within small 
limits; so that probably any attempt on the 
surface of the earth to observe the tendency of 
matter to pass from stronger to weaker pl^es 
of action would fail. Ibeoretically, however, 
and at first sight, I think a pound of bismuth 
or of water, estimated at the equator, where 
the magnetic needle does not dip, ought to 
.weigh less when taken into latitudes where the 
dip is considerable; whilst a pound of iron, 
nickel or cobalt, ought, under the same change 
of circumstances, to weigh more. If sudi should 
really prove to be the case, then a ball of iron 
and another of bianuth, attached to the ends 
of a delicate balance beam; should cause that 
beam to take different inclinations on different 
parts of the surface of the earth; and it does 
not seem quite impossible that an instrument 
to measure one of the conditions of terrestrial 
magnetic force might be constructed on such a 
principle. 

2450. If one mi^t speculate upon the effect 
of the whole system of curves upon very large 
masses, and these masses were in plates or 
rings, then they would, according to analogy 
with the magnetic field, place themselves equa- 
torially. If Saturn were a magnet as the earth 
is, and his ring composed of diamagnetic sub- 
stances, the tendency of the magnetic forces 
would be to place it in tiie position which it ac- 
tually has. 

2451. It is a curious sight to see a piece of 
wood, or of beef, or an apple, or a bottle of wa* 
tar repelled by a magnet, or taking the leaf of a 
tree and hanging it up betwe^ the poles, to 
observe it take an equatorial position. Wheth- 
er any similar effects occur in nature amoi^ 
the myriads of forms which, upon all parts of 
the eakh’s surface, are surrounded by air, and 
are subieet to the action of lines of magnetic 
force, is a question which can only be answered 
by future observation. 

2452. Of tihe interior of the earth we know 
nothing, but there are many reasons for believe 

tiiat it is of a temperature. On this 
suppotition I have recent mnarked, that at 


a certain distance from the surf aoe downwards, 
magnetic substances must be entirely desti- 
tute, either of the power of retaining magnet- 
ic, or becoming magnetic by induction from 
currents in the crust or otherwise.^ This is evi- 
dently an error; that the iron, &c., can retam 
no magnetic condition of itself, is very prob- 
ably true, but that the magnetic metals and all 
their compounds retain a certain power of be- 
coming magnetic by induction, whatever their 
temperature, has now been proved (2344, &c.). 
The deep magnetic contents of the earth, there- 
fore, though they probably do not constitute 
of themselves a central magnet, are just in the 
condition to act as a very weak iron ccp to the 
currents around them, or other inducing ac- 
tions, and very likely are highly implant in 
this respect. What the effect of the mamag- 
netic part may be under the influence W such 
inductive forces, we are not prepared to\state; 
but as far as I have been able to observe, such 
bodies have not their power diminished by heat 
(2397). 

2453. If the sun has anything to do with 
the magnetism of the globe, then it is probable 
that part of its effect is due to the action of the 
light that comes to us from it; and in that ex- 
pectation the air seems most strikingly placed 
round our sphere, investing it with a transpar- 
ent diamagnetic, which therefore, is permeable 
to its rays, and at the same time moving with 
great velocity across them. Such conditions 
seem to suggest the possibility of magnetism 
being there generated ; but I shall do better to 
refrain from giving expression to those vague 
thoughts (though they will press in upon the 
mind), and first submitting them to rigid in- 
vestigation by experiment, if they prove worthy, 
then present them hereafter to Ike Royal So- 
ciety. 

Royal Institution, Dec. 22, 1845 

Feb. 2, 1846. I add the following notes and 
references to thes6 Researches: 

Brusmans first observed the repulsicm of bismutb 
by a maimet in 1778. Antonu Brvqmane Maon^u- 
mtu 89U oe offifvUaHbus magneticia waervaHoneB mag- 
neticm. Lugd. Batav. 1778, 1 41. ' 

M. le BaiUif on the '^Repulsion of a Manet by 
Bismuth and Antimony,** Bulletin Vniveraelt 1827, 
Vol. VII, p. 371; VoL VIII, pp. 87, 91. 94. 

Saigey on the **Magnetism of certain natural com- 
binations of Iron, and on the mutual repulsions of 
BodiM ia gmwid," Ibid., 1828, Vol. IX, pp. 80, 167. 
239 

SMbMk on tbe “Magnotio Polarity of 
Metala, Alloya and OtidM," Ibid.. 1828, Vol. IX, V- 
178 . , 

iPMoMfiMMlirapaaffw, 1845. V<d. XXVU, P* *■ 
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§ 28 . On the Crystalline Polarity of Bismuth (and Other Bodies)^ and 
on its Relation to the Magnetic Form of Force ^ i. Crystalline Po- 
larity of Bismuth ^ ii. Crystalline Polarity of Antimony ^ ni. Crys- 
talline Polarity of Arsenic 
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2454. Many results obtained by subjecting bis- 
muth to the action of the magnet have at va- 
rious times embarrassed me, and I have either 
been contented with an imperfect explanation, 
or have left them for a future examination: 
that exammation I have now taken up, and it 
has led to the discovery of the following re- 
sults. I cannot, however, better enter upon the 
subject than by a brief description of the anom- 
alies which occurred, and which may be ob- 
tained at pleasure. 

2455. If a small open glass tube have a bulb 
formed in its middle part and some clean good 
bismuth be placed in the bulb and melted by a 
spirit-lamp, it is easy afterward, by turnmg 
the metal into the tubular part of the arrange- 
ment, to cast it into long cylinders: these are 
very clean, and when broken are seen to be 
crystallized, usually giving cleavage planes, 
which run across the metal. I prepare them 
from 0.05 to 0.1 of an inch in diameter, and, if 
the glass be thin, usually break both it and the 
bismuth together, and then keep the little cyl- 
inders in their vitreous cases. 

2456. Taking some of these cylinders at ran- 
dom and suspending them horizontally between 
the poles of the electro-magnet (2247), they 
presented the following phenomena. The first 
pointed axially; the second, equatorially; the 
third, eqpiatorial in one position, and obliquely 
equatorial if turned round on its axis 50® or 
tlO®; the fourth, equatorially and axially under 
the same treatment; and all of them, if sus- 
pended perpenicularly, pointed well, vibrat- 
ing about a final fixed position which seemed 
to have no refer^ce to the form of the cylin- 
ders. In all these cases the bismuth was strongly 
<Uamagnetic (2296, &c.), being repelled by a 
single magnetic pole, or passing off on either 
side from the axial line between two poles. A 
^^i^r piece of finidy-grained or granular bis- 

, ^ ^hUo8&]^%eal TtuiMdUtiimst 1849, p. 1. The Ba- 
Kenan Xiscture. 


muth was, under the same circumstances and 
at the same time, affected in a perfectly regu- 
lar manner, taking up the equatorial position 
(2253), as a body simply diamagnetic ought to 
do. The cause of these variations was finally 
traced to the regularly crystalline condition of 
the metallic cylinders. 

If i. Crystalline Polarity of Bismuth 

2457. Some bismuth was crystallized in the 
usual manner by melting it in a clean iron ladle, 
allowing it partly to congeal, and then pouring 
away the internal fluid portion. Pieces so ol> 
tained were then broken up by copper ham- 
mers and tools, and groups of the cr 3 rstals sep- 
arated, each group or piece consisting only of 
those crystals which were symmetrically ar- 
ranged, and therefore likely to act in one di- 
rection. If any part of the fragments had been 
in contact with the iron ladle, it was cleared 
away by rubbing on sandstone and sandpaper. 
Pieces weighing from 18 grains to 100 grsdns 
were thus easily obtained. 

2458. The electro-magnet employed in the 
first instance was that already described (2247)^ 
having moveable terminations which supplied 
either conical, round, or flat-faced poles. That 
the suspension of the bismuth might be readily 
effected and unobjectionable as to magnetic in- 
fluence, the following arrangement was gen- 
erally adopted. A single fibre of cocoon silk, 
from 12 to 24 inches in length, was attached to 
a fit support above, and m^e fast below to the 
end of a piece of fine, straight, well-cleaned 
copper wire, about 2 in^es in length ; the lower 
end of this wire was twisted up into a little 
head, and then furnished with a pellet of ce- 
ment, made by melting together a i^rtion of 
pure white wax with about one-fourth its weight 
of Canada balsam. The cement was soft enough 
to adhere by pressure to any dry substahoet 
and sufficiently hard to sustain wei^te up to 
300 grains, or even mpre. When prepay the 
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subjected by it^ 

of the .magnet, to ascertain that it was free 
from any tendency to point, or be affected; 
without which precaution no confidence could 
be reposed in the results of the experiments. 

2459. A piece of selected bismuth (2457)^ 
wd^ng 25 grains was hung up between the 
poles of the magnet, and moved with great 
freedom. The constituent cubes were associated 
in the usual manner, being attached to each 
other chiefly in the line joining two opposite 
solid angles; and this line was in the greatest 
length of the piece. The instant that tiie mag- 
netic forcewason, thebismuth vibrated strongly 
about a given line, in which, at last, it settled; 
and if moved out of that position, it returned, 
when at liberty, into it; pointing with con- 
siderable force, and having its greatest length 

* *^2460. Another piece was then selected, hav- 
ing a flatter form, which when subjected to the 
magnetic power, pointed with the same facility 
and force, but its greatest length was equato- 
rid: still the line according to which the cubes 
tended to associa^ diametrally, was, as be- 
fore, in the axial direction. Other pieces were 
then taken of different forms, or shaped into 
various forms by rubbing them down on stone, 
but they ail pointed weU; and took up a final 
position, which had no reference to the shape, 
but was manifestly dependent on the crystal- 
line condition of the substance. 

2461. In all these cases the bismuth was diar 
magnetic, and strongly repelled by either mag- 
netic pole, or from the axial line. It was affected 
only whilst the magnetic hrce was present. It 
eet in a ^yen constant position perfectly de- 
tenhinate; and, if moved, always returned to 
it, unless the extent of motion was above 90°, 

then the piece moved farther round and 
i^k up a new pomtion diametrically opposed 
to the former, which it then retained with equal 
force, and in the same manner. This phenome- 
non is general in all the results I have to refer 
to, and I will express it by the word diametnd: 
dimelaa! set or pomtion. 

2462. effect occuis with a single nmg- 

netic pole, and it is then strildng to observe a 
loiig piece of a substenoe, so diamagnetic as 
Idsmuth, mpelled, ahd yet at the same mo^ 
moat set roimd 'irith feme, axially or end as 
a ^eoe of Siiy to would do. 

9463. Whether the maghotie poles employed 
f2453) are pdnted^ or flatfaced, still 

the effect on the bismuth is the same: never- 
IlMfiaBS, the fenm of the pedes ba^ 


influenceof asidKndiimtoldnd; and some lo^ 
are much more fitted for these investigations 
than others. When pointed poles areem^oyed, 
the lines of magnetic fpree (2149) rapidly di- 
verge, and the force itself dimimshes in inten- 
sity to the middle distance from each pole. But 
when flat-faced poles are used, though the lines 
of power are curved and vary in intensity at 
and towards the edges of the flat faces, yet 
there is a space at the middle of the magnetic 
field where they may be considered as parallel 
to themagnetic axes, and of equal force t^ugh- 
out. If the flat faces of the poles be square or 
circular, and their distance apart about one- 
third of thW diameter, this space of inform 
power is of considerable extent. In my experi- 
ence the central or axial portion of th4 mag- 
netic field is sensibly weaker than the ciircum- 
jacent parts; but, then, there is a small ^rew- 
hole in the middle of each pole face, for t)^e at- 
tachment of other forms of termination. 

2464. Now the law of action of bismuth, as a 
diamagnetic body, is that it tends to go from 
stronger to weaker places of magnetic force 
(2267, 2418) ; but as a rnagnecrysiaUic body it is 
subject to no effect of the kind; and is as pow- 
erfully affected by lines of equal force as by 
any other. So a piece of amorphous bismuth, 
suspended in a magnetic field of uniform power, 
seems to have lost its diamagnetic force alto- 
gether, and tends to acquire no motion but 
what is due to torsion of the suspending fibre, 
or currents of air: but a piece of regularly crys- 
tallized bismuth is, in the same situation, very 
powerfully affected by virtue of its magnecrys- 
tallic condition. 

2465. Hence the great value of a magnetic 
field of uniform force; and, if, hereafter, in the 
extension of these investigations to bodies hav- 
ing only a small degree of crystalline power, a 
perfectly uniform field should be required, it 
could easily be given by making the form of 
the pole face somewhat convex, and rounded 
at the edges more or less. The required shape 
could be ascertained by oalculation, or perhaps 
better in practice, by the use of a little test 
cylinder of bismuth an the’ granular or amor- 
phous state, or of phosphorus. 

2406. In addition to these observations, it 
xnay be remarked that small crystidbi or masses 
of crystals, md eaeb as approach in their gen- 
eral shape to that of a cube or a cqpbere, 

better ti^lai^ or dongatediaeceii^riimsmuch, 

as if there be irregularities to the force of a 
magnetic fi^, such piecj^ are less to be 

affected by them. 
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2467. WkeH file crystftl of tAmuth ii m a 
magnetic fidd of equd strength, it is equally 
affected whether it be in the middle of the field 
or close up to one or the other magnetic pole; 
i.e. the number of vibrations in equal times 
appears to be equal. Much care, however, is re-* 
quired in estimating it by such means, because, 
from the occurrence of two positions of un- 
stable equilibrium in the equatoiial direction^ 
the vibrations in large arcs are much slower 
than those in small arcs; and it is difficult in 
different cases to adjust them to the same ex- 
tent of vibration. 

2468. Whether the bismuth be in a field of 
intense magnetic force or one of feeble powers; 
whether the magnetic poles are close up to the 
piece, or are opened out until they are five or 
six inches or even a foot asunder; whether the 
bismuth be in the line of maximum force, or 
raised above, or lowered beneath it; whether 
the electric current be strong or weak, and the 
magnetic force, therefore, more or less in that 
respect; if the bismuth be affected at all it is al- 
ways affected in the same manner. 

2469. The results are, altogether, very dif- 
ferent from those produced by diamagnetic ac-^ 
tion (2418). They are equally distinct from 
those discovered and described by Pliicker, in 
his beautiful researches into the relation of the 
optic axis to magnetic action; for there the 
force is equatorial, whereas here it is axial. So 
they appear to present to us a new force, or a 
new form of force, in fiie molecules of matter, 
which, for convenience sake, I will convention- 
ally designate by a new word, as the magm* 
crygtaUic force. 

2470. The direction of this force is, in rela*- 

tion to the magnetic field, axud and mU equa- 
torial: this is proved by several considerations, 
l^us, when a piece of regularly cr 3 r 8 tallised 
bismuth was susp^ed in the magnetic field, 
it pointed; keeping it in this positicm, the point 
of sm^penficm was removed 90^ in the equato- 
rial plane (2252), so that when again freely 
suspended, the line through the crystal, whic^ 
was before horizontal in ^ equatorial plane, 
was now vertical; the piece again pointed, and 
generally .wi& more force than before* T^e 
linepas8ing.ihroug^ the crystal, coincidentwith 
the mag^ietic axis, may now be taken asa line 
of and if the process of a quarter revolu- 

tion in file equatorial plane be repeated, howt* 
o^r often, fiie crystal still continues to pomt 

the asimmed Ime trf force in the magcietic 

and al maadgnm degree of power. 
But n^^iffiiepoitit idaoi^lhiiirion removed 


90^ m the plane of the ask, i;e.,lothe ei^ cf 
the assumed fine of force, so, that wheh;tfae 
crystal is again freely suspended this Ime is 
vertical; then, the crystal presents Hb peniiiiar . 
effect at a minimum^ bring almost or ^tire^ 
devoid of pointing power, and exhibits in r^ 
tion to the magnet, only the ordinary diamag- 
netic force (2418). 

2471. Now if the power had been equatririal 
and polar, its maximum effect would not have 
been produced by a change of the point of sus- 
pension through 90** in the equatorial |4ane) 
but by the same change in the axial plane, and 
any rimilar change after that in the axial plane, 
would not have ^sturbed the maximum force; 
whereas a single change of 90** in the equatorial 
plane, would have brought the line of force 
vertical (as in PlQcker’s case of Iceland spar), 
and reduced the results to a minimum or zero. 

2472. The directii^ force, therefore, and the 
set of the crystal are in the axM direction. This 
force is, doubtless, resident in the particles of 
the cry^al. It is such, that the crystal can set 
with equal readiness and permanence in two 
diametral positions; and that between these 
there are two positions of equatorial equili1> 
rium, which are, of course, unstable in thriir 
nature. Either end of the mass or of its mole- 
cules is, to all intents and purposes, both in 
these phenomena, and in the ordinary results ot 
crystallization, like the other end ; and in many 
cases, therefore, the words axial and axialitg 
would seem more expressive than the words 
polar and polarity. In presenting the ideas to 
my own mind, I have found the meaning be^ 
longing to the former words the more useful^ 

2473. On placing the mated in other positios^ 
and therefore in a constramed condition, no rii«- 
teration of the state or power of the biimuth, 
either in force or direction, is produced by the 
power of the magnet, however sttong ite en- 
forcement or long its. continuance. 

2474. It is difficult readily to describe the 
position of this force in relation to the crystal, 
though most easy to ascertain it experimenh^ 
ally. The form of the l^moth crysfi^ is said 
to be that of a cube, and of its primitive pas^ 
tidie a regular octdhedron. To me the oryikde^ 
do not seem be cubes, but rith^ 

er rhombic prisms, ai^oaching very 
eubriu MynfimtsuretoentB were veiyimpsa^ to ^ 
and the (»setats not regular; but as an aeririgh 
of seveisL' observations, the'pliftnes 
riined to each other^ at 4nj^es 

^ the boundary Imes of a plane at 
87H**aBd92^^ Wladeverbefiietnieftm 
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is manifest, upon inspection, tiiat the aggre- 
gating force tends to produce crystals having 
more or less of the rhomboidai shape aaid rhom- 
bic planes; and tiiat these crystals run together 
msymmetric groups, generally in the direction 
of their longest diameters. Now the line of 
magnecrystdllic force almost always coincides 
with this direction where the latter is apparent. 

2475. The deavage of bismuth crystals re- 
moves the solid angles and replaces them by 
planes; so that there are four directions pro- 
ducing the octohedron. These cleavages are 
not (in my experience) made with equal facil- 
ity, nor do they produce planes equally bright 
and perfect. Two, and more frequently one, of 
these planes are more perfect tiian the others; 
and this, the most perfect plane, is that which 
is producedat the most acute solid angle (2474) ; 
and is generally easily recognised. When a bis- 
muth crystal presents many planes of cleavage 
and is suspended in the magnetic held, one of 
these planes faces towards one of the magnetic 
poles, and its corresponding plane, if it be there, 
towards the other; so that the line of magne- 
crystallic force is perpendicular to this plane: 
and this plane corresponds to the one which I 
have already describe as being, generally, the 
most perfect, and replacing the acute angle of 
tiie crystal. 

2476. Asingle crystal of bismuth was selected 
and cut out from the mass by copper tools, and 
the places where it had adhered were rubbed 
down on sand-paper, so as to give the fragment 
a cube-like form with six planes; four of these 
planes were natural. One of the solid angles, 
expected to be that terminating or in the di- 
rection of the line of magnecryst^c force, was 
removed, so as to expose asmall cleavage plane, 
which was bright and perfect, as also was ex- 
pebted. When suspended in the magnetic field 
with this plane vertical, the crystal instantly 
pointed with considerable force, and with the 
plane tcrwards either one or the other magnetic 
pfM; so that the magnecrystallic axis appeared 
now to be horizontal and acting with its great- 
est power. When this axial line was made verti- 
cal, and the plane therefore bmizontal, the 
po^on being eatefuUy adjusted, the crystal 
did not point at all. Bdng now suspended in 
BtKmsmn at all the angles and faces of the 
cube, it always pointed with more or less foi^ ; 
but always so that a line drawn peipendicu^ 
larly through the jxidicaftiixg elnavage jdane 
i(rig>te6miting therefore the liw of force) 

same vertical plane as that including the 
and^ &iailyi when the 


cleavage plane was horisonial and the line of 
directive force therefore vertical, inclining it a 
tittle in a given direction would make any given 
part of the crystal point to the magnetic poles. 

2477. A ^oup of bismuth crystals, the apex 
of which was terminated by a single small cleav- 
age facet, was found to give the same results. 

2478. Occasionally groups of crystals (2457) 
occurred which did not seem capable of being 
placed in some one position in which they lost 
all directive power, but seemed to retain a min- 
imum degree of force. It is very unlikely, how- 
ever, that all the groups should be pei'fectly 
symmetric*im*the arrangement of theiif parts. 
It is more surprising that they should baso dis- 
tinct in their action as they are. In refer^ce to 
bismuth, and many other bodies, it is pr<!|bable 
that magnetic force will give a more impcntant 
indication in relation to the essential and real 
crystalline structure of the mass than its form 
can do. 

2479. 1 have already stated that the magne- 
cryBiMic force does not manifest itself by at- 
traction or repulsion, or, at least, does not 
cause approach or recession, but gives position 
only. The law of action appears to be that the 
line or axis of magnbckybtallic force (being 
the resultant of the action of all the molecules), 
tends to place itself parallel, or as a tangent, to 
ike magnetic curve or line of magnetic force, pass- 
ing through the place where the crystal is situated. 

2480. I now broke up masses of bismuth 
which had been melted and solidified in the or- 
dinary way, and selecting those fragments which 
appeared to be most regularly cr 3 rstallized, sub- 
mitted them to experiment. It was almost im- 
possible to take a small piece which did not 
obey the magnet and point more or less readily. 
By selecting the thin plates with perfect cleav- 
age planes, I readily obtained specimens which 
corresponded. in ail respects with the crystals; 
butthickerplatesor angular pieces often proved 

complicated in the results, though apparently 
simple and regular as to form. Occanonaliy) 
the cleavage plane, which I have hitherto 
takesi for that perpendicular to the line of force 
(2475), has proved not to be the plane sup- 
pcwed; but, frfter observing experimentally tiie 
direction of the magnecryikailic power, I have 
always either found, or else obtained by cleav- 
age, a plane corresponding to it, possessing the 
appearance and character before described 
<247S). Bkniuth plates from tiie one 4 wentletk 
to the one-tenth of an mdk in thiekhess,^ a&d 
bounded by pandlel.and siiailar planes, 
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broken up, often pi^ved, upon ooidar exam* 
ination, to be oompounded and irregulax. 

2481* When a wellHseleeted plate of bismuth 
(mine are about 0.3 of an inch in length and 
breadth, and 0.05, more or less, in thickness) is 
hung up by the edge in the magnetic field, it 
vibrates and points, presenting its faces to the 
magnetic poles, and setting diametrally (2461). 
By whatever part of the edge it is suspended, 
the same results follow. But if it be suspended 
horizontally, the cleavage planes of the frag- 
ment and of the magnetic axis being parallel to 
the plane of motion of the plate, then it is perfect- 
ly indifferent; for then the line of magnecrys- 
tallic force is perpendicular to the line of mag- 
netic force in every position that it can take. 

2482. But if the plate be inclined at only a 
very small angle from this position, it points, 
and that with more force as the planes become 
more nearly vertical (2475) ; and the phenom- 
ena before described with a crystal (2476), 
can here be obtained with a fragment from a 
mass, and any part of the edge of the plate 
made to point axially, by elevating or depress- 
ing it above or below the horizontal plane. 

2483. If a number of these crystalline plates 
be selected at the magnet, they may after- 
wards be built up together, with a little good 
cement (2458), into a mass which has perfectly 
regular magnecrystallic action; and in that re- 
spect resembles the crystals before spoken of 
(2459, 2468, 2476). In this mamier, also, the 
iiamagnetic effect of the bismuth may be neu- 
tralized; for it is easy to build up a prism whose 
breadth and thickness are equal, and this being 
hung with the length vertical, points ’well and 
without any interference of diamagnetic action. 

2484. By placing three equal plates at right 
angles to each other, asystem is obtained, whidh 
has lost all power of pointing under the influ- 
ence of the magnet, the force being, in every 
direction, neutralized. This represents the case 
of finely crystallized or amorphous bismuth. 
The same result (having the same nature) may 
be obtained by taking a selected uniform mass 
of crystals (2457), melting it in a glass tube 
Mid resolidifying it: unless the crystallization 
IS large and distinct, which rarely happens, the 
piece obtained is apparently without xnagne* 
crystallio force. A like result is also obtained by 
breaking up the crystal and putting the small 
fragments or powder into a tube, and submit- 
ting’the.whole to the force of the magnet. 

2485. These experiments on Iriamuth are i^t 
difficult of repetition; for, except those which 


require the .sadden production or cessation of 
the magnetic force, the whole may be repeatied 
with an ordinary horseshoe magnet. A mag* 
net, with which I have wrought considerably, 
consists of seven bars placed side by side, and 
being fixed in a box with the poles upwards, 
presents two magnet cheeks, an inch and a 
quarter apart, between which is the magnetic 
field, having the lines of force in a horizontal 
direction. The poles of the magnet should be 
covered, each with paper, to prevent commun- 
ication of particles of iron or rust. The best 
place for the piece of bismuth is, of course, be- 
tween the poles; not level, however, with their 
tops, butfrom0.4to l.Oinch lower down (2463), 
that the effect of fiat-faced poles may be ol^ 
tained. If it be desired to strengthen the lines 
of magnetic force, this may be done by intro- 
ducing a piece of iron between the poles of the 
magnet, and so, by virtually causing them to 
approach, lessen the width of the magnetic 
field between them. 

2486. The magnet 1 used would sustain 30 
lbs. at the keeper; but employing small pieces 
of bismuth, I have easily obtained the effects 
with magnets weighing themselves not more 
than 7 ounces, and able to sustain only 22 
ounces; so that the experiments are within the 
reach of every one. 

2487. Whilst the crystal of bismuth is in the 
magnetic field, it is affected very distinctly, 
and even strongly, by the near approximation 
of soft iron or magnets, and after the following 



Fig.l 

manner. Let 1 represent in plan the position 
of the two chief magnetic poles, and of apiece of 
crystallized bismuth between them, which, by 
its magnecrystallic condition, points axially* 
Then, if a piece of soft iron be applied againdt 
the cheek of the pole, as at e, and also near to 
the bismuth, as at «, it will affect the latfor and 
cause its approach to the iron. If the iron be ap*? 
plied in asimilar manner at/, or A, it will have 
a like result in causing motion of the bismutiif 
and the parts marked 5., c, and d, will in j^iim 
approach it, seeming to attract^* tf timeoH 
iroa de nod touch the m a gi^ o hil 
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l«ld between it and fbe bjaiinii^ 
lee^tg^oerally the same poAtkfnSf &ijd sam^ 
effects^ but in a weato^ degree, are product. 

. 2488. Though these motions seem to indi* 
cate an effect of attraction, I do not belieim 
them to be due to any such cause, but simply 
to the influence of the law of action (2479) b^ 
iore expressed. The previously uniform condi* 
tioa of the magnetic field is destroyed by the 
presence of the iron; lines of magnetic force, of 
greater intensity than the others, proceed from 
Sie ax^le a of the iron in the position repre- 
sented, or from the corresponding angles in the 
c^er positions (the shape of the pole now ap- 
proximatingmore or less to the conical or point^ 
form), and therefore the crystal of bismuth 
moves round on the axis of suspension, that it 
may place the line of magnecrystallic force 
l^allel or as a tangent to the resultant of the 
magnetic forces which pass through its mass. 

2489. When in place of the group of crystals 
a crystalline plate of bismuth (2481) is em- 
ployed, the appearances product under sim- 
ilar circumstances, are those of repulsion; for 
if Fiff, 2 be allowed to represent this stsde of 



things, the piece of iron applied at e causes the 
|date to recede from it at a, or if applied at/, g, 
or A, it causes recession of the bismuth from it 
at the points 6, c, and d. Now though these ef- 
fects look like repulsion, they are, as 1 con- 
clude, nothing more than the consequences of 
the endeavour which the bismuth makes und^ 
the bw before expressed (2479), to place the 
miE^eciystallic line of force parallel to, or as a 
tangent to the resultant of magnetic force pesa- 
l&g tlurouidi^ the bismuth. 

2490. A piece of iron wire about lj4 inches 
long, rad 0.1 or 0.2 of an inch thidc, being hdd 
in equatorial plane to the edge of the {date 
did not alter its position; but if the 
endev^ indined to dther pole, the plate be- 
gan' to move, and moved most when the iron 
toadied the pole as k die figure. When it ap- 
jplpiaidie^ or toudied the N pole, the mcUna^ 
tit the erystai plate of tonuth was as in- 
dKcated by' the dotted figure. When it touched 
IAb Bt the inclination was the contrary way. If 
were kept in contain with the N pole^^ 


and the ether end; of timeolt iron rod placed in 
the positioii mj tiie bhonuth was not affected; 
but if thmi tii^ subdiE&try pole were lOoved 
the one way or the other towards the edge of 
the plate, the latter turned as the pole moved. 



always tending to keep its face towards i|, and 
evidently by the tendency of the magnecrj^tal- 
lic axis to place itself paralld to the resultant of 
magnetic force passing through the biskuth. 
The same results were obtained with the crystal 
(2487) under similar circumstances, and corres- 
ponding results were obtained when the soft iron 
rod was applied between the S cheek of themag- 
net and the bismuth. The like effects were aim 
obtained with plates of arsenic and antimony. 

2491. When a magnet is used instead of soft 
iron, corresponding effects are produced; only 
it must be remembered, that if the chief mag- 
net be very powerful, it may often neutralize, 
and even change, the magnetism of the small 
approximated magnet; and this can happen 
with the latter (as to external influence), whilst 
in the magnetic field, even though when with- 
drawn it may appear to remain unaltered. 

2492, Thus, when the plate of bismuth was 
suspended between the cheeks of the horse- 
shoe magnet (2485), Fig. 2, and the north pole 
of a small magnet (the blade of a pocket-knife) 
was placed at a or 5, it caused recession of the 
part of the bismuth near it, and precisely for 
tbe same reasons as those that existed when 
the soft iron was there. When the extra pole 
was placed at c d, the action was more feeble 
than in the former case, and consisted in an ap- 
proximation of that paii of the bismuth to the 
pole. As this position of the subordinate pole 
would terminate and neutralise oertain of the 
linesofmaipiettefoit^piooeedmgfrcmith^ 
pole of the horseshoe magnet, so the re^ltant 
of ihelhmsof fonxs passing throughthe^l^^ 
would be changed in direction, 

oblique to their former coiirse, and k 

the manner represented by the of the 
Insmuth, in 4ts tendency to piaee its Ike of 
force, pamttel ivithihigm |ksNii0h> 
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Alt &ppmjdb^ 

xnotioii&in tibe eontmiy dibection. ^ 

, 2494*v When the subordinate pole was ap* 
{died to! the edge of the plate, the little magnet 
beingintheequatorial position {Fig, S), thenin- 
stead of being neutral, as the iron was, it eaused 
the plate to move in a tan gential direction, either 
to the right or the left, according as it was either 
a south or a north pole, just indeed as the iron 
did when, by inclining it, the approxhnated end 
became a pole (2490). Ihis effect was shown in 
a still more striking degree by using the crystal 
of bismuth (2487), because, from its form and 
position the magnetic curves most affected by 
the extra pole were more included in the bis- 
muth than when the plate was used. 

2495. Innumerable variations of these mo- 
tions may be caused, and appearances of at- 
traction or repulsion, or tangential action be 
obtained at pleasure by the use of crystals hav- 
ing the magnecrystallic axis corresponding with 
their length, or plates where it accords with 
their thickness; and either permanent or tem- 
porary subsidiary magnetic poles. By making 
the moveable pole travel slowly round the bis- 
muth from the neutral point m to the other 
neutral point n. Fig. 5, a summary of the whole 
can be obtained, and it is found that they all 
resolve themselves into the general law before 
expressed (2479); the magnecrystallic axis and 
the resultant of magnetic force passing through 
the bismuth, tending to become parallel. 

2496. Hence a small crystal or plate of bis- 
muth (or arsenic [2582]) may become a very 
useful and important investor of the direction 
of the lines of force in a magnetic held, for at 
the same time that it takes up a position {Row- 
ing their course, it does not by its own action 
tend sensibly to disturb them. 

2497. Many of these motions are similar to, 
and have relation with, those described by 
Pliicker, Jlddh, and others, os obtained by the 
action of iron and magnets on bismuth, in its 
simple diamagnetic condition. These results are 
by them and others considered as indicating 
that the bismuth, as I ]^d originally supposed 
(2429, 4c.), has r^y, in its diamagnetic state, 
ft umgnetio condition the reverse of that of 
iron. I am not acquainted with all of them, or 
^th the Teasonihg thereon (bdng in the Ger- 

Iftnguagi^ ; tmt such as I mn aware of, and 
l^ve reK)btfldned, seem to me to th simple re- 
sults of the lawii lormeriy laid down (2267, 
2418), lunn^y;* that diamagnetio bodies tend 
tu luioeeed- iiW weaker |)laocS of 

i^uagneticleMroe; and ^ve no additional or other 


proof of the aennmed iewm polarity 
nmth than the former casek of action wliitA I 
had given, coming under that law. 

2498. Supposing that the intervening or 
rounding matter mi^t, in some manner, affect 
the magnecrystnlHo action of bismuth and o&er 
bodies, I fixed the magnetic poles at a given 
distance (about two inches) asunder, suspended 
a crystal of bismuth in the middle of the mag- 
netic field, and observed its vibrations and set. 
Then, without any other change, I introduced 
screens of bismuth, being blocks about two in- 
ches square and 0.75 of an inch in thickness» 
between the poles and the crystal, but I couM 
not perceive that any change in the phenom- 
ena was produced by their presence. 

2499. The bismu& crystal (2459) was sa&> 
pended in water between the magnetic poles of 
the horseshoe magnet. It set well in accord- 
ance with the general law (2479), and it took 
five revolutions of the torsion index at the up- 
per end of the suspending silk filament to di^ 
place it, and cause it to turn into the diametral 
position. This is, as well as I could observe the 
results, the same amount of torsion force re* 
quired to effect its displacement when the crys- 
tal was placed in the same position, but sur- 
rounded with air only. 

2500. The same bismuth was then suspended 
in a saturated solution of protosulphate of inm 
(adapted as a magnetic medium) ; it set as be- 
fore with apparently no change of any kind, 
and when the torsion force was put on, it staH 
required five turns of the index, as before, to 
cause the displacement of the crystal, and itk 
passage into the diametral position. 

2501. Whether therefore crystals of bismu& 
be immersed in air, or water, or solution of sid^ 
phateof iron, or placed between thiek masses (tf 
bismuth, if the^l^Bubject tothesame magnetfo 
force, theinagnecrystallicforGeexerted by 

is the same both in nature, dir^on and amoimt. 

2502. It seemed posmble and probable that 
mastic force nd^t affect the eiystallieatl^ 
of Usmuth, if not of other bodies. Foir, as 
foitc affects themass of a crystal by that 
ikhksb Its particles possess, and which they fj^yC 
to the ^^rystaj as a whole by their p(to 
axial [2472]) and symmetric condition; md; 
as the finld poslrion of the (aystalline nrasitj 
the magnetic field may be conisidered aS that Of 
the least constraint, so it was likely enough 
that, if the bismuth in a fluid state were placid 
under the iafluaiee of the mai^etten, the in- 
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^Vidual particles would told to tottme one 
aiid^the same axial condition, and the crystal- 
line anangement and direction of the mast 
upon its solidification, be in some degree de- 
tenxdned and under government. 

2503. Some bismuth, therefore, was fused in 
a glass tube and held in a fixed position in the 
atong magnetic field until it had become solid; 
then, being removed from the ^ass, it was sus- 
landed ao that it might assume the same posi- 
timi under the infiuence of the magnet; but no 
signs of magn/ecrystallic force were evident. It 
was not.expected that the whole would become 
r^lar!ty crystallized, but that a difference be- 
tween one direction and another might appear. 
Nothing of the kind however occurred, what- 
ever the diiection in which the piece was sus- 
pended; and when it was broken open, the 
nerystallization within was found to 1^ small, 
GG^us^, and in all directions. Perhaps if longer 
tone were allowed, and a permanent magnet 
used, a better result might be obtained. 1 had 
built many hopes upon ihe process, in refer- 
ence to the crystalline condition of gold, silver, 
platina, and the metals generally, and also in 
respect of other bodies. 

2504. 1 cannot find that crystals of bismuth 
acquire any power, either temporary or perma- 
nent, which they can bring away from the mag- 
netic field. 1 held crystals in different positioz^ 
in the field of intense action of a powerful 
electro-magnet, having conical terminations 
very near to each other; and, after some time, 
removed them and apjdied them instantly to a 
VSry delicate ^tatic magnetic needle; but I 
could not perceive that they had the least ex- 
toi effect upon it, because of such treatment. 

,,2505. As a crystal of bismuth is subject to, 
ahd obeya ^ influence of, the lines ef mag- 
netic pxce (2479), so it follows that H ought to 
ob^ even the cash’s action, and point, though 
walh a veiy feeUe degree of power. I have sus- 
pe^ed a good crysto by a long filament of 
cpeoon sfik, and sheltered it as well as I could 
tuxm currents of air by concentric iduss tubes, 
and it ijmk have obeyed indications of A stht 
po^tiug. Ihe crystal was so hung that the 
the sameangl® 

horlsonted plane (about 7ff*) as the mag^ 
lietic dip, and the mdi^kni was, that ^eatis 
' midtiie dip tooded to etoi«ide; but ithe expert- 
meuta^umcjaiefui repetition. 

25^" A mcfre important .p<mit, as to the na« 
timnf the peto os aEidal.loi:ces 
tolMew whether two osrystals,' at 
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crystallised masses of tomuth,: can mutuaUy 
affect each otiter; and if bo, what the nature of 
these affections are? what is the relation of the 
equatorial ahd ‘ terminal partsf and what, the 
direction of the forces? I have made maz^ ex^ 
periments, in relation to this subject, both m 
and out of the magnetic field, butiobtained 
only negativeresults. I emidoyed however small 
masses of bismuth, and it is my purpose to re- 
peat and extend th^ at a more convmtot 
season with larger masses, built up, if neces- 
sary, in the manner already describe (2483). 

2^7. 1 need hardly say that a crystal of bis- 
muth ought to point in a helix or zing/ of wire 
carrying an electric current, and soTjthat its 
magnecrystallic axis should be paralto to the 
axis of the ring or helix. This I find experi- 
mentally to be the case. 

ii. Crystalline Polarity of Antimony ^ 

2508. Antimony is a magriecrystallic body. 
Some Crsrstalline masses, procured in the man- 
ner before described (2457), were broken up 
with copper tools, and some excellent groups 
of crystals were obtained, weighing from ten to 
twenty grains each, in which all the constituent 
crystals appeared to be uniformly placed^ The 
individual crystals were very good on the whole, 
and much more frequently complete and full 
at the faces than those of bismuth. They were 
very bright, having a steel-gray or silvery ap- 
pearance, and to the eye appeared more surely 
as cubes than bismuth, though here and there 
distinctly rhomboidal faces presented them- 
selves. Planes of cleavage can be made to re* 
place the solid angles; and, as with bismuth, 
there is one plane generally brighter and more 
nearly perfect than the others. 

2509. In the first place, it was ascertained 
that all these crystals were diamagnetic and 
stongly tt04 

:25'10r In the next it was ascertained, as. with 
bismuth, that all of them exhibited the magne- 
orystallie phenomena with considerable power, 
showing the existence of a line of force (2470), 
which, when placed vertically, left the crystal 
free to move in any direction (2475) ; but when 
placed horisontally, caused the crystal to point, 
and in so doing took up its own positikm 
lei to the toidtant of magnetic force passing 
through the crystal (2479). This line proceeded, 
as in btosuth, Irom one of the solid anises to 
the opposite one, and waa perpendicular to the 
height . plane jnst.i^ken d 

<2511. the action ol 

n^ woni ifam >arys^ was ti&e segno as 
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the oiystab oi biiiqsmtlt j but >ther6 im mm 
points of vtuicMbipn ,whi^, require to be mom 
distinctlisr stated and distinguished* 

2512. In first place, when the magne- 
crystallic axis ,was horuKmtal, and a certain 
crystal used, upon the efvoiution of the mag* 
netic force, the crystal went up to its position 
slowly, and points, as with a dead set If the 
crystal were moved from this position on eittier 
side, it returned to it at once: there was no vi- 
bration. Other crystals did the same imper- 
fectly; and others again made one or perhaps 
two vibrations, but all appeared as if they were 
moving in a thick fluid, and were, in that re- 
spect, utterly unlike bismuth, in the freedom 
and mobility with which it vibrated (2459). 

2513. In the next place, when the crystals 
were so suspended as to have the magnecrys- 
tallic axis vertical, there was no pointing nor 
any other signs of magnecrystalLic force; but 
other appearances presented themselves. For, 
if the crystalline mass was revolving Avhen the 
magnetic force was excited, it suddenly stopped, 
and was caught in a position which might, as 
was found by experience, be any position; but 
if the greatest length was out of the axial or 
equatorial position, the arrest was followed by 
a revulsive motion on the discontinuance of the 
electric current (2315). This revulsive motion 
was never great, but was most when the length 
of the mass formed about an angle of 45^ with 
the axis of the magnetic field. 

2514. On further examination it appeared 
that this arresting and revulsive effect was pre- 
cisely the same in kind as that observed on a 
former occasion with copper and other metals 
(2309), and due to the same cause, namely, the 
production of circular electric cuivents in the 
metal under the inductive force of the magnet. 
Now, the reason appeared why, in the former 
case, the crystals of antimony did not oscillate 
(2512).; and why, also, they went up to their 
positm’ of rest with a dead set; for the cur- 
rents produced by the motion are just those 
which tend to stop the motion (2329);^ and 
though the magnecrystalUc force was sufficient 
to make the crystal move and point, yet the 
very motion so produced generate tte current 

* AnycHie who wiahes to form a sufhoient idea.pf, 
w arresting powers of these induced currents, 
^uid take a lump 6f solid copper, approaching to 
me f^oieal or globular form, weighing from a qjw- 
wr to hiilf a poUnd; should suspend it by a long 
gitn it a rapid rotatSon, tmd then intrude 
epiimingr into the magnetic field of the alectra- 
magnet; be wUl find its motion to be instantly 
^^PPed; and if he' fiiffther tries to it, whiK in 
%neid, prill find it impossiUe to do jok . 


which reneled upon tilie to mcdloh, 

and 80 caused the mass to advance toward 
its positiQn of rest as if it moved in a 
fluid. 

2515. Having this additional knowledge tei- 
specting the arrest and revulsion of the anti- 
mony (effects depend^t upon its superior cohr 
ducting power, in this compact cryBtallinestjBirte, 
as compared with bismuth), one has no diffi- 
culty in identifying the magnecrystailio force 
of this metal with that of the former, and ea* 
tablishing the correspondence of the results in 
aU essential characters and particulars. In most 
of the pieces of crystals of antimony the force 
seemed less than in bismuth, but, in fact, this may 
not really be so, for the inductive current ae* 
tion just described tends to hide the 
crystallic phenomena. 

2516. Different pieces of antimony also Boem 
to differ from each other in their setting fmroe, 
and also in their tendency to exhibit revulsive 
effects ; but these differences are either only ap- 
parent, or may easily be explained. The arrest- 
ing and revulsive action depends much upon 
the continuity of the mass, so that one large 
piece shows it much better than several sm^ 
pieces, and these again better than a powdered 
substance. Even the revulsive action of copper 
may be entirely destroyed by reducing the sinc^ 
lump to filings. It is easy to perceive, therefore^ 
that of two groups of antimony crystals, each 
symmetrically disposed within itself, the one 
may have larger crystals well connected to^ 
gether, as regards the induction of currents 
through the whole mass, and the other smaller 
crystals less favourably united. These would 
present very different appearances, as regards 
the arrest of motion and succeeding revulsive 
action; and further, on that very account, 
would differ in their readiness to present the 
magnecrystalUc phenomena, though they mi^ 
possess precisely equal degrees of that force. 

2517. On proofing to experiment with platee 
of antimony^ further illustrations of the ^eets 
resulting from the causes just described weed 
obtained, with abundant accompanying evi- 
dence of the existence of the magnecrystaUiq 
condition in the metal. The plates were selected 
from broken masses, as with bismuth ;(2480)« 
Some were soon f oui^ which acted sunply, itif 
stantly, and well; thtir large surfaces weiw 
bright cieavage planes. When 8Usp(mdiM 
any part of the edge, these planes 

wa^ the magnetic poles; and the plate 
lail^chea^itideof itsfinid|XMdtian,p!n^^ 
aoquirpg itsstaitecdr^ - ^ 





IMiT' had so powiw of 
pcMmgiei'^ field. When tl^ were 

ioefised) the points which were most depressed 
and raised above Ibe horizontal plane, 
Ibose whidsi took up thw places nearest 
Ito^mfi^etic poles (2462). 

; . When several plates were arranged to- 

•Iftiiier mto a consistent bundle (2483), thedio- 
^fect was removed, the magne^ 

. mryatallie osc^tion and pointing became very 
a characteristic. 

2520. Thus it is e^d^t that, in dl these 
easesj there was a line of noiugnecsrystaUic force 
perpendicular to the planes of the plates, and 
perfectly consistent in its position and action 
mUx the force before found in the solid crystals 
of antimony. 

;.uji521. But another plate Of antimony was 
now adected, which had every appearance of 
bdng able to present all the pitenomena of the 
Ic^er plates; and yet, when hung up by its 
it idtowcd no signs of magneerystallic re- 
sults; for it first advanced a little (2310), then 
was arrested and kept in its place, and if stand- 
ing between the axMand equatorial positions, 
was levulsed when the battery current was in- 
terrupted, exhibiting ^[ects equal to those of 
copper (2315). Many other plates were tried 
W^ precisely the same result. 

< : 2522. When this plate (2521) was placed in 
the fidd of intoise poww between two conical 
magnetic poles, it exhibited the same phenom- 
ena; but notwithstanding the arrestmg action, 
it moved slowly until it stood in the equatorial 
podtion; a result which wis probably due to 
the exeitfon ol hoik m<jtgmer}fstaUtc and dior 
mtwMfofoiee. plate was suspended 

Wmifo planes horizontal, the airesting and re- 
were gone; for the induced cuiv 
li^sii^.which beforecaused them could not now 
esMiii'tiie necessary vertical plane; furthm*, it 
power, which showed timt there 
ol magnecrystallie force k ihe 
breadth of the plates. 

'''9Sl^ Otiier plates were then found able to 
and those in different 
ditgiedk 8kae« fibs the first, vibrated^ 
p 0 h^ and presented no mdiea^ 
isnmt ^and' iwrulsive phenomena/ 
0i9iemvibraledalB^^ and shosred 

fo ,Othm pokied' 

^ ^ fo ^ dead set, birt 

/ nieykg si if in affi^; car, n the magnetic force 
. iiiamkksn off before the pkce had settled, it 
foeUy: were caugbtat 


:kie^:did 

awrvatk^), aik ^ 

2524. Fimdly, a careful mvestigation, carried 
on by means both of the horseslm (2485) and 
thegreatele(^ro-xnagnet(2247),madethecaU8e 
of these differences in tto effects apparent. 

2525. It may be observed, in the first place, 
that sometimes a |date of antimony being se- 
lected (2517), hav^ planes very bright and 
perfect in their appearance, and, therefore, giv- 
ing reason to think that it may point wril in 
the magnetic field , whensubmit^ to the horse- 
shoe magnet does not do so; but points ob- 
liquely, feebly^ and perhaps in two uidfiame- 
tral positions. This is, 1 have no doubt, Isscause 
the crystallization is complicated and ooimsed. 
Sudi a plate, if it be suf^ciently broaf and 
long (i.e., not less than a quarter or one|thir() 
of an mch), when submitted to the el^ro- 
magnet, will show the arresting (2310) ai^ re- 
vulsive (2315) action well. 

2526. In the next place, we have to remem- 
ber that, for the development of the mduced 
currents which cause the arresting and revul- 
sive action, the plate must have certain suf- 
ficient dimensions in a vertical plane (2329). 
The currents occur in tbe mass and not round 
the separate particles (2329), and the resultant 
of the magnetic lines of force passing through 
the substance, is the axis round which these 
CHurents are produced. Hence the reason why 
the effect does not occur with plates suspended 
k the horizontal position, which yet produce 
it well in the vertical porition; a result which a 
disc half an indi in diameter of thin fdl or 
plate, being copper, silver, gold, tin, or almost 
any malleable met^, will show; though the 
be^ conductors are the fittest for the purpose. 
Now this condition is of no Oonsequenee in re- 
spect to magne^stallic action, and a nanow 
plate has as much force as a biWl one, having 
the same mass. The first plate that I happ^l 
to select (2517) was wril crystallized, tbi^ mid 
narrow; hence it was favourable Cor magn^ 
mTStaific action, unfavourable to the arresting 
and revulsive action, and showed no rigns^ com- 
paratively^ of the latter. 

2527. Warn a bioad and well-myttaUized 
plate is obtainedi iken both sets of ejects ap 
p^: &us; iif tfae^^^^ tevd t^ei the 

emi its ve^^yj^r an ks^t, 
ikdif the msgMtiqi<mQeis a^ 
is fould 



j^taa^&ei^ oiTSbdi of oa^imoof GttQD ilwwd Ikt 
witaofVmlyioauofia vao(aty>aado(n)t^ isBuchadegMastoiSAlniaethinktluittAHi 
toiaovouiriflithaotakenupitBQuigBewyBtal- constitusot oubes pooseiBOd the pow sMily 
lie poeitioD. lI^>v80 .as If ip a (jhiok fluid. equall7mafldiieo<aoB8.Apiewoffiiielyo^ 
Hence the magneeryetdlic force is ih^ and t^lised or granulw aotiiinony does not| how* 
produces its full effect; and the resson why the ever, show it in the saioe proportion; from 
appearancM have changed is, that tiiie very whi(^ it would seem as if an effect equivalent 
motion which the force tends to give, and does in some degree to that of division occurs, eithei' 
^ve to the mass, causes those magneto<eleetric at the meeting of two incongruous cryst^ or 
currents (2329) which by their mutual.aotion betwemx the contiguous {dates of the erystafat, 
with toe magnet tends to stop the motion; and and affects the conductoig power in th c i w di» 
therefore its slowness and toe final dead set rections. 

(2512, 2523). 

26M. Ama^etwhitoisweaker (astoehorse* % iii. Crymiw PiMty qf Araenje 
tooeinstoumehtdes^bed [2485]) produces the 2532. A mass of the metal arsenic etoildtotg 

currents by induction in a much weaker de- crystalline structure (2480), was brdten Up, 
gree, and yet m^fests the magnecrystallic and several plates selected from toe firagments, 
powet w^; hence it is more favourable, under having good cleavage plane surfaces, about 05 
certain Circumstwees, for such investigations; of an inch in length, 0.1 mch in width, ahd 
as it hdps to distinguish toe one effect from 0.03 in thickness. These, when « ff wpen d^ 
toe other. posite one conical pole, proved to be perfe^ 

2529. It readily be seen that plates, diamagnetic; and when before it or betwem 

whether of the same metal or of different met- two poles strongly nutgneeryidaUic, I have i 
sis, cannot, evmi roughly, be compared with pair of flat-faced poles with screw-holeB btoe 
e^ other as to magnecr^tallie force by thmr centre of toe faces, and these so much weaken 
vibrations; for under toe Influence of these in* toe intensity of the lines of magnetic feme 
du(^ currents, plat« of the same magnecrys- about the middle of toe field, when the faces 
talUc force osdllate in very different mannen. are within half an into of eato other, that a 
I took a plate, and by cement (2458) attached cylinder of granular bismuth 0.3 m length sets 
selected pap^ to its faces, and then observed axially, or from pole to pde (2384). But wUh 
how it acted in the magnetic field; it set slowly toe plates of arsenic Imtween the wwie p oH 
and it showed the arresting and revuimve ef- there was no tendency of this kind; so tyuwh 
fects (2521). I then pressed it in a mortar, so as wastoenmgneorystaiUcforcepredominantoveir 
to break it upinto many parts, which stiU kept the diamagnetic force of toe substance, 
totoidacci’andnowitsetmorefreelyandquito* 2533. Waea toe plates of arsenic were smi^ 
ly, andshowed very littleof toe revulsive action, pended wHh toeir planes horiaonted, toen the|r 

2530. Tliouto toe inefleation by vibration is did not ptoat at all between toe ^t-facedpclM. 
thus uncertain, the torsion force still remaiim Any inclination of the plures to the horisontol 
to us, I believe, a very accurate indication Of line produced pointing, with bore or less foNle 
toe strength of the set (2500), and, therefore, as the planes approached more or less to tl^ 
of toe degree of the magnecrystallic force; and vertical p(wtion,exaetiy in toe maimer ahnad^y 
though toe suqiending tilk fibre may give way described in rdathm to bnnuto and antinutty 
a fit^; a i^sw thread, according to Ritchte's (2482, 2518). 

suggestion; would answer perfectly. 2534. Thus, arsenic with bismuth and aH^ 

2531. Antimony must be a good conductor timony are found to possess toe magnecQiM^ 
ofdeciih»tyintoedire<Htonoftoei^tesidtoe lie force <Nf conditioa. 

siystals, tit it would not'gpve, so freely, these 

indieati^ tif Mvtddv» ai(dh». The groups of Boyd IndShdim Soptmbor 23, 184fl 
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If iv. CryOallim Condition <4 Vatiow Bodies 
2^. ZINC. Plates of zinc broken out of <ays- 
tallized masses gave irregular indications, and, 
being magnetic from the impurity in them, the 
effects might be due entirely to that circum- 
stance. Pure zinc was thrown down electro- 
cSimically on platina from solutions of the 
ehloride and the sulphate. Tbe former occurred 
in rami^dng dendritic associations of small 
crystaljthelatterinacompact close form. Both 
were free from magnetic action and fredy diar 
magnetic, but nei^er showed any trace of the 
magnecrystallic action. 

2536. Tibmum.* Some good crystals of ti- 
tanium obtained from the bottom of an iron 
fonrace, were cleansed by the alternate action 
of acids and fluxes until as clear from iron as I 
could procure them. Th^ were blight, well- 
formed and magnetic (2371), and contained 
iron, I think, diffused through their whole mass, 
for nitromuriatic acid, by long boiling, con- 
tinually removed titanium and iron from them. 
These crystals had acertain.magnetic property 
wldch I am indin^ to refer to tiidr crystallme 
eimdition. When bdween the poles of the eleo- 
trorinegnet, they set; and whmi the electric cur- 
was discontinued, they still set tetween 
^.poles of the mifeeUed magnet as they did 
heli^ If left to itself, n cty^ always took 
^ same poation, showii^ that it was oon- 
glantly remiered. magnetic in the same; direc- 
But a crystal was plaped and kept in 
aaotho' position between the magnetic poles 
whibt the electiic current was on, and afteiv 
wards the curreut; o^S^ded, aod ,tiien the 
mental set im, it pmnt^ betwemi the poles of 
tire eofeeUed magmet in this new direction; 
timwing that the magndasm was in a differoat 
dveetion in the body of the oystal to that 

' iPMewsMaal Tmuaittons, 'lS1Si p. ih. 

iTCr these and Buav other xyatau I am indebted 
todhe Undneee of Bb Beniy T. De la Beehe and Mr. 


which it hid before. If now tibie magnet were 
reinvigoratetf by the electric current, the crys- 
tal instantly spun round and took a mametic 
state in the first or original direction. Thwrys- 
tals could in fact become magnetized u|.any 
direction, but there was one direction in t^hi<h 
they could be magnetized with a facility \and 
force greater than m any other. From the ap- 
pearances I am inclined to r^er this to the 
crystalline condition, but it may be due to an 
irregular diffusion of iron in the masses of ti- 
tanium. The crystals were too small for me to 
make out the point dearly. 

2537. Copper. I selected some good crystals 

of native copper, and, having carefully sepa- 
rated them from the mass, examined them in 
respect of thdr magnein-ystallic force. At the 
botseshoe magnet (2486) they gave no signs 
of such power, whatever the direction in which 
they were suspended, but stood in any posi- 
tion; and any ^gree of torsion, however small, 
applied at the upper extremity of the suspmid- 
ing filament, was, obeyed at once, apd to the 
full extent, by the ciystal beneath. When sub- 
jected to the electro-magnet, the phenomena 
of arrest and revulsion were produced (2513, 
2310), as was to be expected. If after the arrest 
the magnetic force were emtinued, there was 
no slow advance of the crystal up to a distinct 
pointingpontion (2512) ; it tiood perfectly tiili 
in any position. So there is no evidence ofmag- 
neerystallio action in this case. . . 

2538. Ttn. I sdected from block fu^ grzin 
tin some pieces which appeared,. by, their ex- 
ternal forms an(jl.tim.sutiape.pr(^tieed:w>der 
tire action of adds, to have a regular crystal* 
line structure intentally; and, cutting off por- 
tions, car^uUy submitt^ them to the power 
of the magnets, but there was no appearance of 
any magnecrystallic phenomena. Indications 
of the arresting and revulsive actions were pre- 
sented, and also of diamagnetic force, but no^* 
ing dae. I also examined smne crystals, of ^ 
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obtoioed by Tbe^ 

i^re .p&reiand diamagnetic : they were airreated 
and revulsed^ but ttiey showed no signs of mag^ 
neorystallic actidn* 

2539* Lead, Lead was cr3rBtalIissed by fusion, 
partial solidification^ and pouring off (24fi7), 
and some very fair crystals, having the general 
form of octohedra, were obtained. Observed at 
the magnets, these were arrested and revulsed 
feebly, but presented no magneorystallic phe- 
nomena. Some fine crystalline plates of lead 
obtained eleetro-chemically from the decom- 
position of the acetate by zinc, were submitted 
to the magnet: they were pure, diamagnetic, 
and were arrested and revulsed, but presented 
no appearance of magneorystallic action. 

2540. Gold, Three fine large crystals of gofd 
were examined. They were diamagnetic, and 
easily arrested (2310, 2340) ; the revulsion did 
not take place, because of their octohedral or 
orbicular form. They presented no magnecrys* 
tallic indications. 

2541. Tellurium, Two fractured pieces of this 
substance, presenting large and parallel planes 
of cleavage, were examined: both pointed, and 
the greatest length was across the axial line 
between flat-faced poles (2463). I think the 
effects were in part, if not altogether, due to 
the magneorystallic state of the substance; but 
1 do not think the evidence was quite con- 
clusive. 

2542. Iridium and Omium alloy. The native 
grains of iridium and osmium are often flat, pre- 
senting two planes looking like crystal planes, 
which are parallel to each other even when the 
grains are thick. Some of the largest and most 
crystalline were selected, and, after ignition 
with flux and d^estion in hitromuriatic add, 
were examined at the magnet. Some were more 
magnetic than others, b^g attracted; others 
were very little magnetic: the latter were se- 
le(^ed hnd examined more carefully. These all 
pointed with great readiness and force, ocan- 
paratively speaking; for they were not above 
one-fifteenth of an inch long, and yet they set 
freely when the magnetic poles were 3 or 4 
ohes apart The fac^ of the crystalline parti- 
cles were cdwaye towards the poles, and thdr 
length eoxusequently not in but acroea the axiai 

and this was true whether the distance' 
between the poles was small or great, or 
whel^r ,fillkt*4aoed or conical pdeS were used^ 
I bdfeve ttiey were maignecrystalSc. 

Ciysts^ of fudUa'znetal 
:erystais, which were 
apparently quadrangular plates or prisms, were 


not good^ and the evi^feiiee net desw and ^ 
Mnot. 

2644^ fftresi I thought it posdtde that ddn 
wires, which by the action of adds ^ibited 
fibrous arrangements, mi^t have thdr pav^ 
tides in a state approaching to the crystaffinfs 
condition, and therefore submitted bundles of 
platinum, copper, and tin wire' to the action of 
the magimt; but no indication^ of mag^ecrya- 
tallic action appeared. 

2545. Isubmitted several metalHc compounds 
to the power of the magnet, applied so as to de- 
velop any indication of the magnecrysbdiic 
phenomena. Galena, native dnnabar, oxide of 
tin, Bulphuret of tin, native red oxide of cop- 
per, Brookite or oxide of titanium, iron pyrites, 
and also diamond, fluor spar, rock-salt and 
boracite, being all well crystallized and dia- 
magnetic, presented no evidence of the magne- 
crystallic force. Native and weli-crystallized 
sulphuret of copper, sulphuret of zinc, cbbdit 
glance and leucites were magnetic. Aisenioal 
iron, specular iron and magnetic oxide of iron 
were still more so. 1 could not in any of them 
distinguish any magnetic results due to ciys- 
tallization. 

2546. On examining magnetic salts, several 
of them presented very strfldng magnecrystaJ-r 
lie phenomena. Thus, with sulphaie of iroUt flbe 
first cr 3 nBtal which 1 employed was suspended 
with the magnecrystallic axis vertical, and it 
presented no particular appearances; only the 
lon^t horizontal direction went into the mag- 
netic axis pointing feebly. But on turning t^a 
piece QO"* (2470) , instantly it pointed with mudb 
force, and the greatest len^h went equatdri*^ 
ally. The crystal was compounded of mpe^ 
posed flat cprstals or i^ates, and the ma^D^ 
crystallic axis went directly across these; it wae 
easy therefore, after one or two experiments, 
to tell beforriiand how the crystal riiould 
suspended, and how it would point. WhetiM 
the crystals were loiig, or oblique, or irregular,, 
still the magnecrystallic force predoiidiiatei 
and determined the position of the<wyBtal, aws(l^ 
this happened wheth^ pointOd or flat pStA 
were lu^, aud uriiether they were near 
gether or far asunder. The magnecrystallie mm 
kiperpendieulart or nearly so, to two of 
ricto of ibe rbomboidal prism. 1 have soni# 
small inrinnatic irarystals of which the 

nearly three times the width of the 
when both the length and the magnecrym^ 
$m ar6 lR)ria^xtal; no power of Or 

dtmpm, m poritim of the polels, will mm tiie 
len^ to take the axial idiieetioii^ 
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' AO gnaitil;^ 4 mb H piMwmate in po#«.;cmA 
13^ raen asagneile' fcmse ol the or$«tid. Tet 
jtli) Icttor is 80 great as at timea to puH the 
AAqteaidiBg fflbre asunder when tiie orystal is 
«3)l^ tbe poles <8615). 

/.<3647i Stdphaie 4i(f rdM. When a rajrstal of 
M^^iate ofniekd was suspended in the njag> 
'M^field, its iengtiiset asdallyi Thisrai^tbe 
eiU»r to mere magnetic force, or partiy to 
inuigDemTstallie' force. Hkerrfore I odt a cube 
-out of tile crystal, two faces of which were per- 
pefa d icu l a r to the length of the original prism. 
This cube pointed wi^ m tiie magnetic fitid, 
ai;^. the line coincidoit with the a»s of tiie 
prism was that whitii pointed amtily, and rep> 
lesooted tiie magt^rystallic axis. Even when 
tito cube was reduced in this directirm and oon- 
yei^ into a squrne i^te whose thickness co> 
teeidiedwitii the magnemysttilic axis, itpointed 
lA Wtil.as before, though the short^ dimen* 
tiums ofthe ^eee were now axki. 

11548. The persulphate o/ ammonia and iron, 
Pod the sM^ihate 4^ manganese, did not give any 
in^e^mof magoecrystdilic pbrniomena; t^ 
Stdphote of ammonia and manganem I think 
but ^ crysttis were not good. The sul- 
pdisto of potaan and nickel is magnecrystaUic. 
M three Baits were magnetic. . 

) 8548. Thus it seems tint other bodies besides 
l^bsmith, antimoigr uid anenic, present mag* 
Mmystallic ^eots. Amoi^ these are tiie id^ 
^y (d hidium and osmium, probably tellurium 
, a^ :tiitsniimi, and certainly the sulphates of 
hon and mckti. Before ieaviiw this part of the 
. I may remark that wis property has 

i ptrihably led me into error at times on a former 
IriMtipn (2290). A mietalBB with arsenic (2383) 

. |i|l^'vu«y.ea^ arise fromtiiis cause. 

% tyuOniho Nature of the MagnieryakiOie 
9ar«B,andGaneralObamntion»^ 

..i35l8. The magpecrystallic force s^^peaxs to 
1^ yny dearly d i atinguMhed from dther the 
gwgnBtienrdiainagHeticf(»eeB,intiiatitcauaeB 
MitibmieppnMleb'iwr receesfon; oonsistuig not 
in attiaction or npulsian, but in its giving a 

Ito so tintiniprte line in rdatirm to 

maw ia faraoi^ by'^jeto a’givem rdatkm 
.'|dfh:tiis direetiem Of lita estenial magnetie 
IfBurw. 

1 thought-lt right opipoarefuUy-to ex> 
iii^aiidpioTotiwoaiidmRai^ 

'v’pitiUiilriawwea-snA'Aau-s - 


er iWpriUWialtiieaees; JWtitis'j^^ 
stmeted a toidon-balanoe, adtfa a ^ 
penrionof eoeootts^ ocmrittingof twobundleB 
of seven filaments cadi, 4 inches long and one- 

twelfth of an indn^Mut; and Buspmided si dys* 
tal of bianmth (2467) from one end <d'tie 
lever, so that it nd^t be fixed and retained in 
any position. This balance was protected by a 

glaw case, outaide of wMdi the coniwl tmmi* 
nal of one pole of tiie great electro-magnet 
CpiT) was adjusted, so as to be hoilzontd, at 
li^t angles to tiie lever of tiietoidtm-balanee, 
and in such a position that tiie bismuth crystal 
was in the prtion^tion of the axis of the pole, 
and about half an indi fitun its extremil^^hen 
all was at rest. The other pole, 4 inches om was 
left large so that tiie lines ol magnetic^rce 
should diverge, as it were, and ra^y dfen. 
ith in stimi^ hmn the end of the coltical 
pole. The object was to observe the degrd of 
repulsion exwted by the magnet on the Us- 
muth, as adiam^etic body, eitiier by thedis- 
timce to whidi it was reptiled, or by the tor- 
non required to bring it bade to its first posi- 
tion,* and to do this with the Idsmuth, having 
its magnecrystallic axis at one time axial or 
paralld to the lines of magnetic force, at an- 
othw equatorial, observing whether any diffd- 
ence was produced. 

2552. The crystd was therefore {daeed with 
its magnecrysttdlic axis first psrsUd to theliaes 
of magi^c force, and then turned four times in 
mocession 90^ in a liorisontai plaim, so as to 
observe it under all podtions of the magnecrys- 
taliic axis; but in no case could any cMerenoe 
in tiie amount of the repulaion be obswved. In 
<riher experiments the axis was placed oWque, 
but atill vdth the same result. If there be there- 
fore any difierenceitmustbeexceedii^y smalt.’ 

2553. A oorrespondiag experiment waamade, 
han gi ng tiie crystal as a pendulum by a 
suspension of ooeoon silk 30 feet in lengtii, with 
the same result. 

2554. Another very strildng series of ^oofe 
thiA-tie effect is not tiue to attraotiiMi or re- 
puyon, was obtained in the fdhnriiig^foaxiner. 
Askein of fiftesnfilamentsof cocoon slk, about 
14 inchea long, was made fast above, aid then 
Awdght'of an oatioe’orincHC iumgtotimldwer 
end; tiie iniddfo of thtatiBdn watf ahient'tbe 
mkldle ai tiw ingnetic field of tie tikotio- 
arngnet, end tie iniBaie wdght 

agunst tiw tide ef • filedtof wood, se siti 

or levolntion, A «naS gta4> of oim^ 



Wiif (NitiMMi Mraw ti^Budc^ w 
ems^i Vttd a bbsaII {ninoatic <a!jmti4 f>i 
Bidil^bate of mat. about 0^ of «t inoh k>iig, uid 
0.1 in tladolaieasy.waa. attached to the oaid, so 
that the leogtht aod.idso the magneciygtaiUo 
axis, wereia toehorisoatal plaoesaU the Iragth 
was m oae side of the inlken axis, 80 that as the 
(sryst^ svuiig rouod, the length was radius to 
the eirole described, and the mapiecijystellio 
axis p«alld to the tangent. 

2555. This crystal took a poritkm <d rest due 
to the tonion fOToe of the suspending skeio of 
ffllk; and the poeirion could be made any one 
that was desir^, turning the w^t below. 
The tornon force was such that, whw theciys< 
tal was made to vibrate on its silken axis, forty 
complete (or to and fro) vibradons were per- 
formed in a minute. 

2556. When the crystal was made to stand 
between the flat-faced poles (2463) obliqudy, 
as in Fig. 4t the moment the magnet was ex- 



cited it moved, tending to stand with its length 
equatorial or its magnecrystallio axis pmallri 
to the lines of magnetic force. Whmi the N pole 
was removed, and the experiment reputed, 
the same effect took place, but not as strongly 
as before; and when, fin^y, the pole S was 
brought as near to the crystal as it could be, 
without touching it, the same result occurred, 
and with mwe strength toan in the last case. 

2557. In the two latter experiments, there- 

fore, the orysttd'Of sul^te of iron, though a 
magnetic b^.and irirong^ attract^ by^ioh 
a magnet as that used, actually receded horn 
the pole, of the under tihe influmwe xd 

the magheerystallic condition. 

2558. If ^ pole S be rmnoyed and .toat 
marked N be retained few aetkm cm the oyi^, 

the latter a|^roache8 tiie pole, urgM b7 
^Ihlheinaffaetto.aiid magamcaystshiolorcee; 
hut if the crystal .be revedvid 90* to theldfl;,. or 
lflO*.tD,therii^poua4 ^ rilkminxit^so asito 
^ eoodaifay :<» ^^omta Pod(H»M 
then tidi pisje ;e^ela or rath^ causee ^ 
^ dhj Uto w of I4*» «»ystal, iurt a*th« 
ygBl#fdw<^t^sixp t B h d«nt sod 

1 find f^toonicai poles a» not good,'.hut srifh 
*^tM».^«ndd obtain the xeeutts wHh the 
u^fMdinaai. 


25fi(k7hoauIid)ai|Mif.Wto«wthenn^^ 
a oiystalline plate (IMiOM bkmuthtipiaead 
as brforo<mr one(tida#tl«»aflkiB]sp«idn^i^^ 
with its magneorystallic ass horiaoatal. Maifc' ' 
ing the postiim .tim aaiae aa .that wh^..i%| ’ 
crystal had m rdMdmt .te the N pole In.^MI' 
fomer eqieriment (2558)t<8othat to ^ateite 
axis pardlel to tiie 'lines :of. magnetic fcate 
must approach this ou^ctie ptd^ and thw - 
lowing the magnet into an aetiyeiatatek. t|^ 
binnuth moved accordingly, and dids^mtea^ 
tim p(de, against ite diamagimtic teptidency» bait 
under the influenceof the magnemytealUoferen* 

The effect was small but di^ct. , 

2566. Aididpsting, fm* a short tonsk tbe.r^ ' 
suit of the reasoning to be pveu farther iim 
(2607), I will describe a corresponding effsofc 
obtained with the red ibrro-prusmate of po? - 
tassa. A crystal of tbw salt had its acuto'baeaS' 
angles ground away, so as to convert it into d 
plate witii faces paralld to Ihe plane <d the ^ 
tic axis, and was tiien made to replace the pWt 
of bismuth. Being in the positi<m bdore reiuw^ 
sented (2556), and the magnet rendered mh- 
tive, it moved, placing the plane, of the qpitto 
axes equatoiially, as Pluoker describes. W^ 
the pole N was removed and S brought up.'to 
the crystal, the same amtionoccuned, timm^ 
tal retreat)^ /rom the pole; and when 8 picii 
was removed and N brought towards the ^ysr 
tal, it moved as before, tire whede body potW 
approaching tiwrards the pole. On indlniitg!fhpi. 
crystal the other way, Le., maki^ itf( ids<te$(in 
the other side of the equatorial Unc, tbs.Sf^ 

caused it to approach and the p<^ to 

So that.thesamepqlesenaedaUe^therteii^.' 
tract or repel the same side of the ctysbd; s^ < 
either pole could be nu^ to shr^ thig apps^. ' 
eut attractive and repulsivafcuce. . ■ . v 

2561. Hence a proof that neither attnaotkai. 
nar,r^»:dskHi causes the set, w governs thq 
final position of the body, or of any of ^ 
bodies wlmse movements are due to the eaii^ 
cause {2607)«., 

2562. This force then is distinct in.iti|;t|iiii^.<' 

actor and effects, hrom (he maguetie aad#i^' 
magnetic forme of fproe. On the other head^il' 
has a most manifest relation to theorysteSliNt. 
structure of the bismuth and other bodies; , 

tberefese to the nudeoules, and to tiie 

which these-molecidee ate able to ' 

erystaUipe masses. It eppears to meiippcpli^! 
to ooneeive.qf the roaults imeny atete.PAf :fh|m 
by a mutual .leaction of (he ItlP^ 

and tbafqite of timpaitideeigf 

if***? • 

WIFI I V P" I ■ ■ *■ VK ^ 
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t3iat m {ariui they ^ ftot 
m eaeh otber they partake of a like nature; 
and bringer 1 think, fredi help for the eolution 
of that great proUem in the pMoeophy of 
teieeuliiur forces, which aesumes that they aU 
have one common origin (2146). 

2563. Whether we consider a crystal or a 
particle of bismuth, its polarity has a very ex- 
traordinary character, as compared with tiie 
polarity of a particle in the ordinary magnetic 
state, or when compared with any other of the 
dual conditions of physical force; for the op- 
posite pdes have like characters; as is shown 
first of all by the diametral pointing of the 
masses (2461), and also by the physical char- 
acters and relations of crystals generally. As 
the molecules lie in the mass of a crystal, thoo- 
fme, they can in no way represent, or be repre- 
aeoted by, the condition of a parcel of iron filings 
between the poles of a magnet, or the particles 
of itm in the keeper when in its place; for these 
have poles of different names and quality ad- 
hering together, and so giving a sori of struc- 
ture; whereas, in the crystal, the molecules 
have poles of like nature towards each other, 
for, so to say, all the poles are alike. 

2564. As made manifest by the phenomena, 
the magnecrystallic force is a force acting at a 
distance; for the crystal is moved by the mag- 
net at a distance (2556, 2574), and the crystd 
also can move the magnet at a ^stance. To pro- 
duce the latterresult, 1 converted a steel bodkin, 
about 3 inches long, into a magnet; and then 
suspended it perpendicularly by a single co- 
eoon filament 4 inches long, from a small hori- 
aontal rod, which again was' suspended by its 
emttre and another length of cocoon filament, 
from a fixed point of support. In this manner 
the bodkin was free to move on its own axis, 
mid could also describe a circle about 1 hu^es 
m diameter; and the latter motion was not hin^ 
di^red by any tendency of the needle to point 
Under the earth^s influence, because it could 
take any position in the circle and yet remain 
paraUd to itself. 

2565. A support perfectly free from magnetie 
abtion WEB oonstructed of glass rod and copper 

Urhkdipasring Chrou^ the bottom of the 
stands and being in the prdongation of theup- 
pSr a^ of motion, was concentric with tito 
the litde magnet could describe; 
w^ couid sustain a erys^ 

fel dr any .other substance level with the pole 
dtilmloUreretid oftheneoiSe, ahd in the centre 
Of dm smaB cirole in which the latter could 
Inlve aeeuiid it. Sy moving the lower end of 


tiie suppcut, theu^per etd also could be made 
to approach to or recede from tiie magdet« The 
whole was eovered with a glass shade, and 
when left to become of uniform temperature, 
and at rest, the needle ma^et was found to 
take up a constonf position undm* the torsion 
force of the suspending filaments. Further, any 
rotation of the glass and copper wire support 
did not produce a final change in the position 
of the magnet; for though the motion of the 
air would carry the magnet away, it returned, 
ultimately, to the same spot. \^en removed 
from this spot, the torsion force of the silk sus- 
pension m^etthe system oscillate; the time of 
a half oscillation, or a passage in one dirmtion, 
was about three minutes, and of a whole^scil- 
lation therefore six minutes. \ 

2566. When a crystal of bismuth was fix^ on 
the support with the magnecrystallic axis\in a 
horizontal direction, it could be placed bear 
the lower pole of the magnet in any position, 
and being then left for two or three hours, or 
until by repeated examination the magnetic 
pole was found to be stationary, the place of 
the latter could be examined and the degree 
and direction in which it was affected by the 
bismuth ascertained. Extreme precaution was 
required in these observations, and all steel or 
iron things, as spectacles, knives, keys, Ac., 
had to be removed from the observer ^fbre 
he entered the place of experiment; and glass 
candlesticks were used. The effect produced 
was but small, but the result was, that if the 
direction of the magnecrystallic axis made an 
angle of 10^, 20*’, or 30^ with the line from the 
magnetic pole to the middle of the bismuth 
crystal, then the pole followed it, tending to 
bring the two lines into parallelism; and this it 
did whichever end of the magnecrystallic axis 
was towards the pole, or whichever side it was 
inclined to. By moving the bismuth at succes- 
sive times, the deviation* of the magnetic pole 
could be carried up to 60^. 

2567. The crystal 6f bismuth thereforeTis aWe 
to react upon and affect the magnet at a dis- 
tance. 

2568. But though it thus take up tihe (hsf 
acter nf a force acting at a distance, still it is 
due tcrthat power of the particles wl^ msw 
timm cohere in regular order, and gireli tbs 
mass its crystalline aggregation; whiA wecaU 
lit other times the attraction of aggtegstio^ 
tod so <rfteu speak of as acting 
distanees. 

’ '2669. Fw tite ftotiiw ^ 

tore of th» foree, I i»oeee^ 
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eSeot of lieat^ orystab of fateotitti when in 
field. The crystab were suspended 
rither by platina or fine eopper wire, and heated, 
sometimes by a small spirit4ainp flame api^ed 
directly, sometimes in an oil-bath placed be- 
tween the magnetic poles; and though the u|>- 
ward currents of air and fluid were strong in 
these cases, they were far too weak to over- 
come the set caused by magnecrystallie action, 
and helped rather to show when that action 
was weakened or ceased. 

2570. When the temperature was gradually 
raised in the air the bismuth crystal continued 
to point, until of a sudden it became indifferent 
in tiiat respect, and turned in any direction un- 
der the influence of the rising currents of air. 
Instantly removing the lamp flame the bismuth 
revolved slowly and regularly, as if there were 
no tendency to take up one position more than 
another, or no remains of magnecrystallie ac- 
tion; but in a few seconds, as the temperature 
fell, it resumed its power of pointing; and, ap- 
parently, in an instant and with full force, and 
the pointing was precisely in the same direc- 
tion as at first. On examining the crystal care- 
fully, its external shape and its cleavage showed 
that, as a cr3n3tal, it was unchanged; but the 
appearance of a minute globule of bismuth, 
which had exuded upon the surface in one place, 
showed that the temperature had been close 
upon the point of fusion. 

2571. The same result occurred in the oil- 
bath, except that as removing the lamp from 
the oil^bath did not immediately stop the add- 
ition of heat to the bismuth, so more of the lat- 
ter was mdted; and about one-fouith of the 
metal appeared as a drop hanging at the lower 
part. Still the whole mass lost its power at the 
high temperature, and the power was regained 
in the same direction, but in a less degree on 
cooling. The diminished force was accounted 
for on breaking up the crystal; for the parts 

had been liquefied were now cr^tafii^ 
irregularly, and therefore, thou^activeat the 
beghming of the experiment, were neutral at 
tiie end. 

2572. As heat has this effect, the expectation 

entertaased of uryettilizing bismuth reg- 

^ariy in ilm jlield is of course un- 

founded; fosrrtbe m^ai must acquire the solid 
state, and be lowered throug^h several degrees 
proWitiy, before it cab exhiUt the mag^eexys- 
tallie {dtenomeim. U he«^ has tiae same effect 
^ bodies prior ito tiieiir Aquefai^ion^ then, 

^ eotnee/kaebs|>roceBsoan be applied!^ bmie 


2573. A crystalliaed piece of antinomy was 
subjected to the same experiment, and it abo 
lost its magnecrystallie power belowa didl red 
heat, and just as it was softening so as to taioa 
the impression of the copper loop in which it 
was hung. On being cooled it did not resume its 
former state, but &en became ordinarily mag- 
netic and pointed. This I condude arose from 
iron affected by the flame and heat of tte 
spirit-lamp; for, as the heat was hi^ enough 
to bum off part of the antimony and make it 
rise in fumes of oxide of antimony, so this 
might set a certmn portion of iron free which 
the carbon and hydrogen of the flame would 
leave in a very magnetic state (2608). 

2574. In further elucidation of the mutual 
action of the bismuth and the magnet, the bls- 
muthwa88uspended,asalready describe (2551), 
on the bifilar balance, but so turned, that its 
magnecrystallie axis, being horizontal, was not 
parallel or perpendicular to the arm of the 
leva*, but a little inclined, as in the Figure (5), 



Fig. 6 


where 1 represents the crystal of bisxnutix at^ 
tached to the balance arm 6, the axis of whidk 
is so placed that the crystal can swing through 
the various poritions 1, 2, 3, 4; S is the pole 
the magnet separated only by the glass of ^tlie 
shade. It is manifest, tiiat in position 1 tiie 
magpiecrystailic axes and the lines of magaetie 
force are parallel to each other; whemis in 
positions 2, 3, 4, they are oblique. Wh^ 
apparatus was so arranged that the cacjebskM 
bismuth rested at 1, the superiiKluction of the 
full magnetic force sent it towards 4; a resulted, 
cflamagnetic action. When however the 
muthhadits place of rest at 2, thedevelopmsib 
of the magnetic fmee didiioi mate it paasite^ 
wards 3; In aooordanoe with the former retell 
but towaxds 1, whidi it usually ktttined aM 
often j^seaed, gdnga iMe toward Ib tifib f 
case the msgneesjmtd and ite 
forces opposed td each otfaer> :asd;i^ 
fonnto paced theadvantage up to 

2575. But thqxqg^the of 
these cases imoves aei^ lheJ^^ . 

the magnetic Mdiit cssitwtibe 
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io iDi Ilk fieU ^wliere tbe liim aie 

loiie^ as bsMeeii flat-faoed polS8;:#ie 
. QQFtilal bei^ restraiaad bo as to move onty 
fiiriist to itB^ for under sudi drininataaoeB 
are equal In both directions mad on 
hotti sides of the mass, and tiie <mly toiitoney 
t^^a^rstd has, in relaticm to its magnee^ 
lie doadition, is to turn round a vertioat axb 
uedii it is in its natural position in the mi^ 
nslic field. 

,r2576. A most important question neact arises 
k lekrion to the m^eerystallic force, namely 
tAedher it is an original force inherent in the 
crystal of bismuth, Ao., or whether it is induced 
Itmkr the magnetic and deotric influences. 
When a piece of soft iron is held in the vidnity of 
amagnt^itacquiresnewpowersand properties; 
eme peisone assume thk to depend upon the 
development by induction of a new force in 
the iron and its particles, like in nature to that 
in the indudng magnet: by others it is con- 
sidered that the force origii^ly existed in the 
particles of the iron, and ^t the inductive ac- 
tion consisted only in the arrangement of all 
Mke dementary forces in one general direction. 
Applying this to the crystal of bismuth, we 
cannot mdce use of the latter suppodtion in 
:ihe same manner; for all the particles are ar- 
ranged beforehand, and it is that very arrange- 
nmnt of them and thdr forces which gives 
ksmuth its powmr. If the particles of a sub- 
dance be in the heterogeneous condition pos- 
sessed by tiiose ci the iron in its unmagnetic 
fkte, tiien the magnetic fon^ may develop the 
magnetic, and alsq the diamagnetic condition, 

. idikh |»idaably is & condition ^ induction; but 
It 'doeB ant appear at once, that it can de>^p 
.ditefieef the kind n6w under txmsideraticm. 

hold: itheir oim to a 
geeai extent in ail the results is manifest, by 
the conaidetation that they have an inherent 
psvinr or force, the crystaUine force, which is 
so unchangeable that no treatment to which 
ihcQr ean be eubjected can alter it; that it is 
tUs very force whSdi, piadng the pi^des in a 
fegdar posifion in the maas, enables them to 
act jesndy on the^iaagBet or the dectrie cur- 
iMt; and affect or he affected by them; and 
thet rif the poriadeoiave not so arranged, but 
mo k sU dkeetidoB m the mass, then the sum 
W tlMBv foroes exteiiia% k 
, Jiuetive exertion of or current can 

/ffMop dif^itest tause o£ Ae phenomeDa. 

; And that pattkleaevm before oyetal* 

act’-in eeme degree ufc a-distajio^ 


by virtaisef tlMhcrsklidtei^ is, I 
^own by the following fact. A jar oontakkg 
about a quart of solutkm of au^diate of soda, 
of sudi strength as to crystallise when eok by 
the touch of a cxystal of the salt or an extrane- 
ous body, was' l^, accidentally, for a wedc or 
more unattended to and undistmbed. 'Ihesolu- 
tion renalainedfluid ; but on the jar being toudied, 
mystdlisation took place throughout the whole 
mass at once, produdng dear, distinct, trans- 
parent plates, which were an inch or more in 
length, up to half an inch in breadth; and very 
thin, perhaps about the one-fiftieth or one- 
sixtieth of aminch. These were all horismtal, 
and of couise paralld to each other; and I 
think, if I remember ri^tly, had their mgth 
in the same direction; and they were alige m 
character, and, apparently, in quantity in ^ry 
part of the jar. They almost hdd the fluid in 
its place when the jar was tilted; and wheni the 
liquid was poured off presented a beautiful and 
uniform assemblage of crystals. The result per- 
suaded me, at the time, that thou^ the influ- 
ence of a particle in solution and about to crys- 
tallize, must be immediately and essentially 
upon its neighbours, yet that it could exert an 
kfluence beyond these, without which influ- 
ence, the whole mass of solution could hardly 
have been brought into such a uniform crys- 
tallizing state. Whether the horizontatity of 
the plates can have any relation to the almost 
vertical lines of magnetic force, which from the 
earth’s magnetism was p^adiing the solution 
during the whole time of its rest, is more than 
I wiU venture to say. 

2579. The following are considerations which 
bear upon this great question <2576) of an 
orighud or an induced state. 

2580. In the first place, the Insmiitii carries 
off no power or particular state from the mag- 
netic field, able to make it affect a magnet 
(2504) ; so that if the condition acquired by the 
crystal be an induced condition, it is probably 
a tranrient on^ and continues only whilst un- 
d^induetioh^ Ihefact, theiefofo,^ 

ative in its evidence, agrees, as to as it telb, 
with that siq^posttioa. : ^ 

. 2581. In to nes^ lfiadei^ if to effect wwe 
wholly due, in to^as to eiy^ kwneemed, 
to an brigml, power kfaeiesit k to mass, we 
m^texpect to And to toib^ainklliMto^ ot 
any weak<mag!net^ stotkg^to 
toe tot a wkdLmagnetio force to fo* 
ikce 

atohlitorigffw^as a stosgirilicn^ 
tkEudly. Butiftol^wmoondlto 
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eiA kk did not in ils 

anuMUit Ixy t)ie degree of foM to 

which it wee eubjeeted, then a weak magiietio 
force ou^t to act sao^ decidedly on the bis- 
muth than it would do if the oocuditicm were in- 
duced in the bismuth, and only in proportion 
to its own force. Whatever the value of Hxe aiv 
gumentf I was induced to repeat the experi- 
ment of the earth’s influence (2505) very care* 
fully^ and by shelt^ing the suipended crystals 
in small flanks or jars contained within the 
larger covering jar, and making the experiment 
in an underground place of uniform and con- 
stant temperature, I was able to exclude every 
effect of curi^ts of air, so that the crystal 
obeyed the slightest degree of torsion given to 
the suspending fibre by the index above. Un- 
der these circumstances I could obtain no indi- 
cations of pointing by the earth’s action, either 
with crystals of bismuth or of sulphate of iron. 
Perhaps at the lequator, where the lines of force 
are horisontal, they might be rendered sen- 
sible. 

2582. In the third place, assuming that there 
is an origina) force in the crystals and their 
molecules, it imght be expected that they would 
show some direct influence upon each othei 
independent of the magnetic force, and if s 
the best possible argument would he thus ol 
tained that the force which is rendered man 
fest in the magnetic field was inherent in then 
But on placing a laige crystal with its magn< 
crystallic axis horia<mtal under a smaller an 
suspended one, or side by ade with it^ I coul 
procure.no signs of mutual action; even whe 
the approximated parts of the crystals wej 
ground or dissolved away, so as to let the tv . 
masses conm as near as possible to each other, 
having large surfaces at the smallest possiUe 
distance, i^treme care is required in such e" 
periments (2581), or else many results are pr 
duced which seem to show a mutual affecth 
of the bodies. 

2583. Neither could I find any trace of m 
tual action between crystals of bismuth, or 
sulphate of iron, when they were both in tL. 

fiMt the one being freely suspended 
and the other broui^t in, various positions near 
to it. 

2684^ Fvm the absence therefore or extreme 
of any power in 

e^h other, and abo from the action of beat 
J^ich can take away the power of the cr^tal 
More it has Joel its meracrystalliiie condition 
(2670), I ak tndtueed to bei^ tjbait the force 
m 4!^ orystol wbtia in the magnetic 


field, which appcSM by external aotfoahi M 
causes tte motion of the mass, is clMly and 
^ost entiidy mdmd, in a manner, suifa|edt 
indeed to the crystalline force, and iimStf ad* 
ditive to it; but at the same time exalting the 
force and the effects to a degpee which they 
could not have apimadmd without the indui^ 
tion. 

2585. In that case the word rnagtieioeryiki- 

lie ought probably to be applied to this force, 
as it is generated or develop^ under the in&i* 
ence of the magnet. The word mognscrystolUe 
I used purposely to indicate that which I bS^ 
lieved Mongied to the crystal itself, and I shsA 
still speak of the magneorystallic axis, dsc*, in 
that sense. : 

2586. Hris force appears to me to be vary 
strange and striking in its character. It is not 
polar, for there is no attraction or lepultion* 
Then what is the nature* of the meehanical 
force which turns the crystal round (2460)^ 
makes it affect a m^et (2564)? It is not fikei 
a tummg helix ol wire acted on by the Uhes ^ 
magnetic force; for there, there is a current df 
electricity required, and the ring has pdariti^ 
all the time and is powerfully attrad:^ or WH 
polled.^ 

2587. If we suppose for a moment that the 

axial position is that in which the crystal isimi* 
affect^, and that it is in the oUique potitiqu 
that the magnecrystaiUc axial direction m.iil** 
fected and render^ polar, giving two tenskW 
pulling the crystal roimd, then there ou|^ tu 
be attractions at these times, and an obliquM^ 
presented crystal ought to be attracted 
single pde, or thd nearest of two poles; boltb^ 
action of tins lend appears*. f . 

2588^ Or we might sui^xwe thi^ ihe 
is a little more apt lor magnetic inilttctian, ifi m 
little less apt for diamagnetic induction, m thti 
direction ol the magnecrystalKc axis than in 
other directions. But, if so, it should surtiy 
show polar attractions in the case of the mag^ 
netic bodies, as sulphate of iron (2557, 2588)$ 
and in the case ol diamagnetic rbodies, as hie* 
mutb, a difference in the degree of repuhnaat 
when presented with the magneori^talitc grit 
paralld and perpendicular to the linet lef 
netic force (2U &) ; which it does not dOi 

2588. 1 do not remember heretdfmo 
case of foret as the present one, wberea 
is brought mto positiott only» without 
tionor repulaiaa. « 




2S9&^ if the pcywer be faiduoed, it must be 
like, gtoerally, to its inducing predominants; 
and tiiese are, at present, the magnetie and 
electric Ibrces. If induced, subject to the crys- 
iidiine force (2577), it must show an intimate 
relation between it and them. Hew hopeful we 
i^y;bei therefore, that the results will help to 
iiirow open the doors which may lead us to a 
full knowledge of these powers (2146), and the 
combined manner in which they dwdl in the 
particles of matter, and exert their influence in 
producing the wonderful phenomena whidii 
they present! 

2591. 1 cannot resist throwing fourth another 
view of these phenomena which may possibly 
be the true one. The lines of magnetic force 
may perhaps be assumed as in some degree re- 
sembling the rays of light, heat, &c.; and may 
find difficulty in passing through bodies, and 
so be affected by them, as light is affected. 
They may, for instance, when a cr 3 rBtalline 
body is interposed, pass more freely, or with 
fess disturbance, through it in the direction of 
the magnecrystallic axis than in other direc- 
tions. In that case, the position which the crys- 
tal t^es in the magnetic fidd with its magne- 
ciystallic axis parallel to the lines of magnetic 
force, may be the position of no, or of least re- 
sistance; and therefore the position of rest and 
skdile equilibrium. All the diametral effects 
would agree with this view. Then, just as the 
optieaxis is to a ray of polarized light, namely, 
the direction in which it is not affected, so 
would the magnecrystallic axis be to the lines 
of magnetic force. If such were the case, then, 
dbo, as the phenomena are developed in crys- 
talline bodies, we might hope for the discovery 
of lb belies of effects dependent upon retarda- 
tion and influence in direction, parall^ to the 
btiEmti&d phenemoia presented by light with 
timifialibodies; In making this supposition, I do 
forget the points of inertia and moment 
sudt an idea as I can fonn of in^ia 
does not egelude the above view as altogetiier 
kratkmal. I r^nemfaer too, that, when a mag- 
netie pole and a. wire carrying an electric cur- 
rent aia fiantened together, so tiiat one cannot 
turn wHhout tiib otiier, if the mm be made axis 
timotiier williioecd idund and carry the first 
witik it ; aikl atso, tiiat if a magnet be floated 
hi idercury and a lament sent down it, the 
wffl revdpa hf tibe powem which are 


idea.^ Hie hope of a poiariz^ bonidle of mag- 
netic forces isenough of itseHfto makeonewodc 
eam^ly witii su<£ an object, thou^ only in 
imagination, before us; and I may Well say 
that no man, if he take industry. Impartiality 
and caution with him in his mvestigations of 
science, ever works exp^imentally in vain. 

2592. 1 have already referred, in the former 
paper (2469), to Plttcker's beautiful discoTOy 
and results in reference to the impulsion of the 
optic axis* of certain crystals by the magnet, 
and have distinguished them from my own ob- 
tained with bismuth, antimony and arsenic, 
which are p^t cases of either repulsioi^ or at- 
traction; bdieving then, with Plticker, that the 
force there manifested is an c^tic axisuorce, 
exerted in the equatorial direction; and there- 
fore existing in a direction at right angles to 
that which produces the magnecrystallicvphe- 
nomena. 

2593. But the relations of ba^ to crystalline 
structure, and therefore to the force which con- 
fers that condition, are most evident. Other 
considerations as to position, set, and turning, 
also show that the two forces, so to say, have a 
very different rdation to each other to that 
which exists between them and the magnetic 
or diamagnetic force. As, therefore, this strong 
likeness on the one hand, and distinct separa- 
tion on the other are clearly indicated, I wiii en- 
deavour to compare the two sets of effects, 
with the view of ascertaining whether the force 
exerted in producing them is not identical. 

2594. 1 had the advantage of verifying Pliick- 
er’s results under his own personal tuition in 
respect of tourmaline, staurolite, red ferro-prus- 
siate of potassa, and Iceland spar. Since then, 
and in reference to the present inquiry, I have 
carefully examined calcareous spar, as being 
that one of the bodies which was at the same 
time free from magnetic action, and so simple 
in its crystalline rdations as to possess butone 
optic axis. 

2595. When a small rhomboid, about 0.3 of 
mi inch in its^greatest dimension, is Suspended, 
withitsopticaxis horizontal, between tt^poia^ 
ed poles ^2458) of theelectronmagnet, approid- 
mated as dos^ as ti»sy cmi be to Ulow fm 
motion, the rhomboid sets in the equatorial di-* 
rection, and the o]itic axis coihei^ idth the 
magnetie axis; but^ when tfaepoles wea^ei^parat- 
ed to the distanceof half, or three-quartds of 


wpin its mass. Witii my imperfect matbe- 
teo:w|e(^ j&ere Aemiis as mudi dif- 


1 See noU (2639). ‘ 

• **On the Repttttion of thaOptie Axes of pQiew 
W tlw Poles of a fiAsgaet,** Pogmdoiffs 
VohLxxXt OotobS^l847, oTlp^rs 
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iiKsh, the xbomboid tamed thmug^ and 
set with the c^tie axis in the eq wtoriat diree- 
tioHi and the latest length In tie first 

{nstanoe the diamagnetic force overcame the 
optic axis force; in the isecond the optic axis 
force was the stronger of the two. 

2596. To remove the diamagnetic effect I 
used flat poles (2463), and then tiie little rhom- 
boid always set in, or vibrated about, that posi- 
tion in wMch its optic axis was equatori^. 

2597. I also took three cubes of calcareous 
spar (1695), in which the optic axes were per- 
pendicular to two of the faces, of the respec- 
tive dimensions of 0.3, 0.5, and 0.8 of an inch 
in the side, and placed these in succession in 
the magnetic field, between either flat or pointed 
poles. In idl cases, the optic axis, if hcHozontal, 
passed into the equatorial position; or, if verti- 
cal, left the cubes indifferent as to direction. It 
was easy by the method of two positions (2470) 
to find the line of force, which, being vertical, 
left the mass unaffected by the magnet; or be- 
ing horissontal, went into the equatorial posi- 
tion; and then examining the cube by polar- 
ized light, it was found tl^t this line coincided 
with the optic axis. 

2598. Even the horseshoe magnet (2485) is 
sufficiently strong to produce these effects. 

2599. 1 tried two similar cubes of rock-crys- 
tal (1692), but could perceive no traces of any 
phenomena having either magneoptic, or mag- 
necrystallic, or any other relation to the crys- 
talline structure of the masses. 

2600. But though it is thus very certain that 
there is a line in a crystal of calcareous spar 
coinciding with the optic axis, which line seems 
to represent the resultant of the forces which 
make the crystal take up a given position in 
the magnetic field; and, though it is equally 
certain that this line takes up its porition in 
the equatorial direction; yet, considered as a 
line of force, i,e., as representing the direction 
of the force which places the crystal in t^ 
position, it seems to me to have something 
anonmlous in its dharaeter. For, tiiat a direct- 
ing and determining Kns of force should have, 
as its full ^ect, the remiit of gwng into a plane 
(the equatmial), in which it can take up any 
one of cm infinite number of positions indiffer- 
entiy, leaves an imperfect i^ my miml; 
and a thought, that there is some other effect 
or- retidual phenomena to be recogiuxed and 
accounted fbh 

S601w On to&er cobtideration* it appears 
a of the 

fatenuth^ wiB 


supply us with a porfoet repmee^^ 
i^te of calcareous i^par; by placfi^ two 
equal pieces of bumutih with thtir magheorys^ 
tallic axes perpendicular to each other <2484); 
we have a system of forces which seems to poe* 
sees, as a resultant, a line setting in the equar 
torial direction. When that line is vertical, the 
system is, as regards position, indiffermit; but 
when horizontal, the system so stands, that the 
line is in the equated plane. Still, the xetii 
force is not in the equatorial direction, but 
axial; and the system is moved by what may 
be considered a plane of ascial force (resultilKg 
from the union of the two axes at ri^t ang^ 
to each other), rather than by a Hne of ^egtiokh 
rialforce. 

2602. Doubtless, tberhomboidor cube(2507} 
of calcareous spar is not a compound crystal, 
like the system of bismuth crystals just referred 
to (2601) ; but its molecules may possess a conr- 
pound disposition of their forces, and may have 
two or more axes of power, which at the same 
time that they cause the crystalline structure, 
may exert such force in relation to the magnet, 
as to give results in the same manner, and of 
the same kind, as those of the double crystal of 
bismuth (2601). Bideed, that there should be 
but one axis of crystalline force, either in the 
particle of Iceland spar, or in those of bismutii, 
does not seem to me to be any way consist^i 
with the cleavage of the substances in three or 
more directions. 

2603. The optic axis in a |H6ce of calcareous 

spar, is simply the line in wMch, if a polarized; 
or oi^inary ray of light moves, it is the leastaf- 
fected. It may be a line which, as a resultant of 
the molecular forces, is that of the least inteih^ 
sity; and, certainly, as regards ordinary arid 
mechanical means of observing cohesion, a pkice 
of calcaieouB spar b sensibly, and much hatdm: 
on the faces and parts which are parallel to the 
optic axis, than on those perpendicular to it» 
An ordinary file or a piece of sandstone showi 
this. So tlmt the plane equatorial to Ihe taptm 
axis, as it represents directions in whicffi . tiie 
force causing crystallization is m ^ 

gree than in &e direction of the optic axis, ihay 
dso be that in which the resultwt of its sa^ 
necrystallic force k exerted. * ; 

2604. 1 am bound to state, as in scnne dqg^ 
in contrast with such contiderations, thai, vdysi ' 
bismuth, antimony and arseniia, the ckavagp 
k very facSe perpendicular to the jm^iejBtyar 
tallic axk (2475, 2510, 2532). But we must 
member t^ the cleavage (and 
cohesive) force k not the only thing to be ecHO* 



ilidaiiH fete >| nh' H 
«lde 1IW «|ito the vdal or tike equatorial 4i> 
leeticai of the subetaBoe in the magnetic field: 
ira tttUat etadeavour to look beyond thu to tiie 
{Kklktr (or axial) ooncfition of the particles of the 
auww ae ^ for the full understanding and true re* 
laCion of all these points. 

MOfi. I am bouiid, also, to admit tiiat, if «e 
eentido* calcareoue spar as ^ving the simple 
l ye t sm of force, we may, tqr the juxtaposition 
m two crystals with thor <q>tie axes at right 
aa^es to eadi otiier, produce a cmnpound mass, 
srfaioh will truly repreeent the Usmuth ip the 
direction of tiie force; i.e., it sriil, m the mag* 
netio fitid, point with apparently one line of 
force only, and that in the axial direction, whilst 
it may Iw really moved by a system of forces 
lying in the equatorial plane. I will not at pres* 
eat pretend to say that this is not the state of 
tlungs; but I thii^ however, that the metals, 
bismu&, antimony and arsenic, presmit us with 
tile amplest as they do the strongest oases of 
magneerystallio force; and whethm- that be so 
w not, I am still of ojHnion that the phencMuena 
dhnovered by Plikher and those of which 1 
lunre gmm an account in these two papers, 
have one common origm mid cause. 

SifiOfi. I went tiirough all the expmiments 
and reescnungs with Pliieker’s crystals (as tiie 
oarbonate of lime, tourmaline and red ferro* 
fsrusnate of potaasa), in reference to the ques* 
ti(m of original or induced power (2576), as be* 
lore, and came to tire same condution as in the 
former case (2561). 

2607. 1 could not find that crystals of red 
fnio*twuseiate of potaasa of tourmaline were 
nfeeted by the et^'s magnetism (2581), or 
that tiicgr had the power of i^eeting each o^er 
(86SS). Ndtiiar could I find that H&dmr’s d* 
fool eakarecms spar, or red fotTO-pruasiate 
tf potaasa, was other an attractive or repul* 
tive effect, but one connected with positicm 
only (2660k 2560). All which ourcumstances tend 
to convince me that tire foree active in his ex* 
fuahhents, and that in my results with bis* 
aitth, tou, M the same.* 

2608. A small ihombdd of Iceland qiar was 
safoad to the bigfoest temperature in the mag* 
aetiefieIdw!iieha4Hilt*laii4>ootthlg^(2^); 



hi wasai IeiMl«i|ua3 te |he%ifi.’ieiiliMt oleep* 
per, butit pofoiadwa wail tiwn as before. A 
timit tidek totumdhiin Waaheated to Ihe same 
d^pee, and itabo.pcfoM equti|y’Wi^. As H 
cooled, however, it bectme hi^biy «n«>gw%^ 
and seemed to aiitireiy usel^ Im* experi- 
marts atbw temperatmes; but on digestitig it 
for a few seconds ih nitromuriatic aejd, a bttie 
iron was diasdved from the surface, afora wiridi 
itpomteda8wdl;andinaoeDrdaneewftiiHfo^ 
er’s law, as befoie. A little'peroxidfi upou the 
surface had. been reduced by the fla^ and 
heat to protoxide, and laused the magnetic ap- 
pearwees.., <*. 

2600. There is a general and, as it appears to 
me, important relatioq between Flael^s|Bu^- 
neto-optical dreaulta and those 1 formerif ob- 
tained with heavy gla8sandotiierbodies'(^52, 
Ac.). When tmy of these bodies is subjedt to 
strong induction Under the influence of the 
mapetie or electric forces, it acquires a pe- 
culiar state, in which it can influence a polar- 
ised ray of light. The effect is a rotation of the 
rsy, if it be passed throu^tbesubetanoeparallri 
to the lines of magnetic force, or in otha words, 
in the axial direction; but if it be passed in the 
equatorial direction, no effect is produced. The 
equatorial plane, therefore, is tiiat plane in 
whicA the condition of the molecular forces is 
the least disturbed as respects their influence 
<m ligdit. So also in Plflcker's results, the optic 
axis, or the optic axes, if there be two, go into 
that plane under the same magnetic influoice, 
they also bong the lines in wltioh there is the 
least, or no action on polarised light. 

‘ 2610. If a piece of heavy glass, or a portion 
of water, could be brougdit beforehand into 
tide, constrained condition, and tihen placed in 
tiie .magnetic field, I thi^ time can be no 
doubt ti^t it would move, if aUowed to do so, 
and {dace itself naturally, so that the plane of 
no aidaoB on light tiiouhl be equatcuial, just as 
Hficlcer tiiows tiiat acsystal of oalcsireotis.spar 
or tmirmaliiie does mfakoxpetbnente. And, as 
in-hit case, the mapetie or diaorngnctio char- 
acter of the bodice, ofakea no.difftlMiqce in tiie 
geneml i«wdt:.«o iaeiaiy eqwipnie^ < 9 ^- 
etiteflect is preduoedfo titiiieamedfofo^ 
flubjeetto ti»e.eaUte:l*w%wi(A betittiaaseB of 
iUbefa®OiW.{21iSk'21S7);' V , ' .r : 

; )r26ll» Bqhtikmtifodhuepncm^ aifitaeia tto 
great and leadmg pant, thoe is 




aiui.xm^. wMh^ thio taeyML poB^ 

bgb^i^ freely, natundly mi penaeiifiiatly^ Xn 
both. ea^, however, >ii^eth^,r)A^^ in* 
du^f it ^ ft state ^ the pa^idea; and com* 
paring the eSeet; on li^^t of ;the ^ase under 
constraint with that of the crystal at liberty, it 
indicateis a power in the magi^t of inducing 
something tike that conditions the piurtioiea 
of matter whlchis necessary for crystalliaation; 
and that even in the partides of flukto (2184). 

2612. If there be any wei^t in these con- 
siderations, and if the f(n*ces manifested in the 
crystals of bismuth and Lcdand ifpar be the 
same (2607), then there is further reason for 
believing that, in tiae case of bismuth and the 
other metals named, there is, when they are 
subjected to the power of the magxmt, both an 
induced condition of force (2584), and also a 
preexisting force (2577). The latter may be 
distinguished as the crystaUine force, and is 
shown, first, by such bodies exhibiting optic 
axes and lines of force when not under induc- 
tion; by the symmetric condition of the whole 
mass, produced under circumstances of ordi- 
nary occurrence; and by the fixity of the line of 
magnecrystaliio force in the bodies shown ex- 
perimentally, to possess it. 

2613. Though 1 have spedmn of the magne- 
crystallic axis as a given Ibe or direction, yet I 


Would 

that the fme deer^4fle(i,^#ftto ebaWi^ljWai \ 
equid ratio ati round fiom it. It is more 
able that the variation is difierent in degree ^ 
different directions, (^endOnt on the 
which give difference to the crystal 

The kimwledge of the dispositioh of the toot 
can be asemtained minutdy hereafto, by the 
use of good crystals, an ion^ngeable ordinaxy 
magnet (2485, 2528), or a repeated electrb- 
magnet, flat^iaced i^es (2463), and toridil 
(2500,2530). 

2614. 1 cannot conclude this of 
searches without remarking how ra^dly thO 
knowledge of molecular forces grows upon US^ 
and how strikingly every investigation tehde 
to develop more and more their importaaoe, 
and their extreme attraction as an object of 
study. A few years ago magnetism was to uC an 
occult power, affecting only a few bodies; now 
it is found to influence all b^ies, and toposMS 
the most intimate relatimm with electrtoty, 
heat, ohemicalaction, tight, (uyBftallxsatioxi,and^ 
through it, with the forces concerned k co^ 
hesion; and we may, in the present state of 
things, well feel to continue in our lai- 
bours, encouraged by the hope of bringing ^ 
into a bond of union with gravity itself . 

Boyd ImtUutionj Oefeto 20, 1848 > ' 


f vi. Note. On ito PooUim of a Crested of Sulphate of Iron in ihe 
Magndk Field 

RBcnivBB Disscembsr 7, 1848, Hsad Dbcsmbbb 7, 1848 


2615. Though effects of the following nature 
are general, yet, I think it convenient to state 
that I obtab^ them chiefly by the use of mag- 
netic poles (2247), Ihe form of which is given 
intheplana^side-viewannexed (iri^;ff).The 
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®7»tals to their action were sms* 

pended ^ so a» to be level with 

^ tbajpelee. 


' 2616. A prismatic crystal of pttHiosuiihi^^ 
iron was selected, which was nearly 0,9 ol :: 
inchb length, 0 J in breadth, and 0.05 in ihtbll^ 
ness; by examination the magneciysti^c M 
was found to coincide with the thiokhM; 
thmfomtobepmpendieubr, orn^riy^ 
to the plate. Being suspended as ahovi 
smibed, and the magnet (2247) ^extited 
pair of ( Grove’s plates; the cryi^ stood 
verse; or with to fmffmerysteBie aeie petiMI. 
to axis of magnetic force, 
tahoe^betiSMiitiie poles-was’ 2.25' 
more;ibut;Wbtii;ih6 distal 
(hMfOr fa0S,'lhen' it stood 
ornearly sOi'acMlits 'inagtoery^^ 
fore transvene to the tines mgsieitoto^ 
In the^ mtiuimedttte distauws: totivW 
2.25 meta, timprismaMM^ 
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(2681)i lioxm or km ineUnod to the axbd 
^passing gradttaliy from the om pod- 
tk>0 to the other. This intermediate distance 
I for the present call n (neutral) distance. 

^ 2617. If the poles be 2 inches apart and the 
eiystal be gradually lowered, it passes through 
^ same intermediate oblique positions into 
the transverse position; or if the crystal be 
raised, the same transitions occur; at any less 
distance the changes are the same, but later. 

occur more rapidly when the crs^stal is 
rais^ than when it is lowered; but this is only 
because of the unsymmetrio disposition and in- 
toisity of the lines of magnetic force around 
the magnetic axis, due to the horseshoe form 
of the magnet and shape of the poles. If two 
cylinder magnets with equal conical termina- 
tions were employed, there is no doubt that for 
equal amounts of elevation or depression, cor- 
resending changes would take place in the 
podtion of the crystal. 

2618. These changes however are not due to 
mere diminution of the magnetic force by dis- 
tance, but to differences in the /orms or direo- 

the resultants of force. This is shown by 
the fact that, if the crystal be left in its first 
podtion, and so pointing with the length axially, 
no diminution of the force of the magnet alters 
the position; thus, whether one or ten pair of 
plates be us^ to excite the magnet, the n dis- 
tance (2616) remains unchanged; and even de- 
scending to the use of an ordinary horseshoe 
magnet, I have found the same result. 

2619. Variation in the length of the prismatic 
crystal has an important in^ence over the re- 
sult. As the crystal is shorter, the distance n 
diminishes, all the other phenomena remaining 
the same. A crystal 0.7 of an inch long, but 
tliicker than the last, had for its maximum n 
iSctoce 1.7 indh. A still diorter crystal had for 
ita maximum n chatanoe 1.1 inch. In b31 these 
cases variatton of tteforceof the magnet caused 
W fiepdble change. 

" Variatimiin thatdimendon of thecrys- 

tal;ecanddent with, the magneciystaliic axis af- 
PufiM the ^ dkhsuce: thus, increase in the 
cl the magneerystallic axis diminished 
^ dktonee, of it in that direc- 

tiiah increased the distance. This was shown in 
two ways; by piacbg a second prismatic 
eiyetel.by theddeol thaformer in a synmdaic 
reduced the n distaime 
inchea; amluaxt, by 

oi ^ siane 

but different thicknesses. The ihidcsr 
<»i»l9ad theenuiBer n di^^ 


2621. Variation in the depth of the crystal, 
i.e. its vertical dimendon, did not prodiiCe any 
sendble effect on the n distance: nor by &eoiy 
should it do so, until the extension upwards or 
downwards brings the upper or lower parts into 
the condition of raised or depressed portions 
(2617). 

2622. Variation in the form of the poles af- 
fects the n distance. As they are more acute, 
the distance increases; and as they are more 
obtuse up to flat-faced poles (2463), the dis- 
tance diminishes. 

2623. With the shorter crystals, or ^th ob- 
tuse poles, ft Is often necessary to diminish the 
power of the magnet, or else the crystal ii liable 
to be drawn to the one or other pole.fThis, 
however, may be avoided by employing ver- 
tical axis which is confined below , as wlfeU as 
above (2654) ; and then the difference in str^^th 
of the magnet is shown to be indifferent to the 
results, or very nearly so. 

2624. These effects may probably be due to 
the essential difference which exists between 
the ordinary magnetic and the magnecr 3 rstallic 
action, in that the first is poZar, and the second 
only axial (2472) in character. If a piece of 
magnetic matter, iron for instance, be in the 
magnetic field, it immediately becomes polar 
(i.e., has terminations of different qualities). If 
many iron particles be there, they all become 
polar; and if they be free to move, arrange 
themselves in the direction of the axial line, be- 
ing joined to each other by contrary poles; and 
by that the polarity of the extreme particles is 
increased. Now this does not appear to be at 
all the case with particles under the influence 
of the magnecrystaliic force; the force seems to 
be altogether axial, and hence probably the 
difference above, and in many other results. 

2625. Thus, if four or more little cubes of 
iron be suspended in a magnetic field of equal 
force (2465), they will become polar; if also 
four similar cubes of crystallized bismuth be 
similarly circumstanced, they will be affected 
and point. If the iron cubes be arran^ to- 
gether in the direction of the equatorial line, 
they will form an aggregate in a position of un- 
stable equilibrium« and will imix^iately, as a 
whole, turn and point with the leiigth aswyi 
whereas the bieonuth cubes by. such approxi- 
mation will suffer no , sensible change* 

2626. The extreme (kai the other) associa^ 

cubes of tiie iron arrim^ment 

have a polar force Above tiiat wIMiffi iSieJ hW 
before; and the wfaoie.group serveiB^ Ss itilfwi 
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asa cmdfxctot fortheliiieB ofiaiagiietlQ pdwer; 
for mBSiy of thw^edaceatrate upon the iron, 
and the intensity of power is much stron^r be- 
tween the oads of the iron arrangement and 
the magnetic poles than it is in other parts of 
the magnetic field. Such is not l^e case with 
the bianuth cubes; for however they be ar- 
ranged, the inteninty of force in the magnetic 
field is, as far as experiments have yet gone, 
unaffected by them; and the intensity of the 
molecules of the cr^tals appears to remain the 
same. Hence the iron stands lengthways be- 
tween the poles; the bismuth crystals, on the 
contrary, whether arranged side by edde, as re- 
spects the magneciystallic axis, so as to stand 
to length equatorially; or end to end, so as to 
stand axially, are perfectly indifferent in that 
respect, vibratingandsettingequally both ways. 

2627. A given piece of iron when introduced 
into a field of equal magnetic force, and brought 
towards the pole, adheres to it and disturbs the 
intensity of the field, producing a pointed form 
of pole in one part with diverging lines of force: 
a crystal of bismuth vibrates with sensibly equal 
force in every part of the field (2467), and does 
not disturb the distribution of the powers 

2628. Considering all these actions and con- 
ditions, it appears to me that the occurrence of 
the n distance with a body which is at the same 
time magnetic and magnecrystallic, nmy be 
traced to that which causes them and their dif- 
ferences, namely, the jfokarUy belonging to the 
imignetic condition, and the axicdUy belonging 
to the magnecrystallic condition. Thus, sup- 
pose an uniform magnetic field three inches 
from pole to pole, and a bar of magnetic matter 
an inch long, suspended in the middle of it; by 
virtue of the polarity it acquires, it will point 
axially, and carry on, or conduct, with its mass, 
the magnetic force, so much better than it was 
conducted in the same space before, that the 
lines of fprce between the ends of this bar and 
the magnetic poles will be concentrated and 
made more intense than anywhere else in the 
magnetic field. If the poles be made to ap- 
proach towards the bar, this effect will increase, 
and the bar will conduct more and more of the 
magnetic force, and point with proportionate 
intensity. It is not merely that the magnetic 
field becomes more intense by the approxima- 
tion the polesv but the proportion of force 
carried on by the bar becomes greater as , comr 
pared to thatfconveynd onward byi«n eqtoal 
cpaeein tlm, magnet fidd at its side* ; 

^ut if,a Smilar bar of magnecrystallic 


power ^ioes not ilsein fhe fltoie maniw;,' orJMi 
the same great proportion, by approxismticMa 
of the poles* There can be no doubt tikat siuh 
approximation increases' the intensity^ of; tlw 
lines of force, and th^fore increases tiieSnteia<t' 
sity of the magneto-crystallic state; but 
state does not appear to be due to polarity, and 
the bar does not convey moie power throi^it 
than is conveyed onwards elsewhere through 
an equal space in the magnetic fidd. Hence its 
directive force does not increase in the same 
rapid degree as the directive force of the mag^ 
netic bar just referred to. 

2630. If then we take a bar which, like a 
prism of sulphate of iron, is magnetic^ also 
magnecrystallic, having the magnecrystallic 
axis perpendicular to its length, such a bar, 
properly suspended, ought to have an n distance 
of the poles, within which the forces ought to be 
nearly in equilibrium; whilst at a greater dis* 
tance of the poles, the magnecrystallic force 
ought to predominate; and at a lesser distance, 
the magnetic force ought to have tlie advantage ; 
simply, because the magnetic force, in conse- 
quence of the true polarity of the molecules, 
grows up more rapidly and diminishes , more 
rapidly than the magneto-crystallic force. 

2631. This view, also, is consistent with the 
fact that variation of the force of the magnet 
does not affect the n distance (2618, 2619) ; fhr, 
whether the force be doubled or quadrupled, 
both themagnetic and magneto-crystallic forces 
are at the same time doubled or quadruided; 
and their proportion therefore remains the samel 

2632. The raising or lowering of the crystal 

above or below the line of maximum magneftid 
force is manifestly equivalent in piind^e. to 
the separation of the magnetic potes; and there^ 
fore should produce corresponcfing^eete aafi 
that is the case (2617). Besides that, 
crystal is raised above the level of the poles, 
such resultants of magnetic force as pass throui^ 
it, are no longer parallel to its length, but moi^ 
or less curyiri, so that they probably cannot 
act with the same amount of power in throw- 
ing the whole crystal intq a consistent polar-, 
is^ magnetic condition, as if they were para^ 
lei to it: whereas, as respects the induction 
the magneto-crystallic condition, each of the 
partides appears to be affected indepei^fllj^ , 
of the others; and, therefore, any loss ! 

feet dependent upon joint actiooi^woiiddpiQ^.^te 
felt here. * ^ -r.- 

2633. M. Plficker told.me, when 

in August last, that the r^isive totm on/tM 
optic axis dimkiiisbes iwhUy 
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%dbiMt0 

it not titered m i4» pra^^ te themiti^ 
jtetie forte by emplo]^g a atsonger or weiJcer 
itefriet. 3!1iis is matdfei^y the tame effect as 
Ihte l have be^ deseribiiig; and ^iiakes me 
etSl tecire thoroughly persu^ed that his re* 
iudlte liiid mine are due to oue and the smne 
eiutoa (2605, 2607). 

^^2634* I have said that, within tee n distance, 
the cryi^ of sulphateof iron pointed more cur 
leas obliquely (2616); 1 will now state more 
p^cularly what the eireumstanees are. If the 
dietence n be so adjusted, that the pidsmatic 
or^tal, which is at the time between the mag^ 
^les, shall make an angle of 30^ (or any 
quantity) with the axial line; then it will be 
found ^t teere is anoteer stable position, 
nsEmely, tee diametral pomtion (2461), in which 
it ean stand; but that the obliquity is always 
on the same side of the axial line; and that tee 
caystal will not stand with the like obliquity 
of 2Xf^ on the opposite side of the magnetic 

01084 ' 


respond foteis position idte 

tion cd the vaiions pla^at 
^7. All teese varktions of poidtiiQto^i^ 
eate an. oblique resultant of setting fcoree, de- 
rived from the joint action of tee magnetic and 
magnecrystallic forces; and would be exphdned 
by thesupposition that the magnecrystaUio axis 
or line of maximum magneorydallic force was 
not perpendiculm* to the chief planes of the 
crystid (or those terminating it), but a Uttle in- 
chned in the direction of length. 

2638. Whether this be the case, or whether 
the maximtufi Hne of magnetic force may not, 
even, be a little inclined to the length »f the 
prism; still, the n distance supplies an exMlent 
experimental opportunity of examining t|is in- 
dination, however small its quantity ma|r be; 
because of the facility with which tee influtece 
of either tee one or the other may be ihade 
predominant in any required degree. 

. Royd InsUtxUiorty December 5, 1848 


2635^ If tee crystal be turned 180^ round a 
vertioai axis, or end for end, then the inclina- 
tion^ and the direction in which it occurs, re- 
main unchanged; in fact, it is simply giving the 
teystal the d&^etrd position. But if the crys- 
tal be revolved 180^’iound a horizontal axis; 
sHher that coinoidmg with its length, which 
lapesmits its maximum magnetic dhection; or 
th^temsponding with its breadth, and there- 
fore with the magneerystalliciuds; then the in- 
atmation is tee same in anui(ant as befote, but 
it is on the cMsr sideof tbeaxid line. 

/ > is tbt ’ease wite all the prismatic 

teysteb of sxa^hate of iron which I have tried« 
is very determinate; and, as would 
teMfMteteted^ trh^ two crystals correspond in 


1^9. Note. (2591) Another supposition may 
be thrown out for consideration. I have already 
said that the assumption of a mere axial condi- 
tion (2587, 2591) would account for the set 
without attraction or repulsion. Now if we sup- 
pose, it possible that tee molecules should 
come polar in relation to the north and south 
poles of tee magnet, but with no mvJtud relor 
Hon amongst themselves^ then tee bismuth or 
other crystal might set as if induced with mere 
axial power: but it seems to me very improb- 
able that polarities of a given particle in a crys- 
tal teould be subject to the influence of the 
polarities of the distant magnet poles, and not 
also to thefj^ of tee contiguous par- 

tides.’-^/antiafy 24, 1849 
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96Mi FoosyMm Dgo I ««]a|gcstod tliat all the 
jiMiiomaia {wMeatid Iqr 'diama^netio bodies, 
^ndMB attbjecSM'to tlte ^weea in the mftgnetiii 
‘ffltd, mi^t beaeoooated for by amuining that 
then possaMd a^pdbrity tite teme fo Und 
levwwinditw^ 

g.'m. 


bgr bxpa, nickel and ordinaiy magnetic bo^es 
under the Mune oircuniataticM (2429, 2480). 
ThiavkwwaeiwcievdsofaTounddybyPlfiol^ 
Bcfaih aadnihent and above ati b7 V. Wtiier,* 
(bat I had'gradt bopeeit elvald be eldnflnaed; 

rllW^i’crtey 



ismrt -M'': 

and iq# 1. aS42; i<N«m^ 

gire itisd ^txpectetio^ wer^in ti^i dire<;tlc^< polar ^nditioit warA only ■aMtoagiii^^ 

2641vWl]^CMRt»^ law that diamfigoeth^ hodka tend to ^iMk 

&c., when m ti»e magnetio fidd^ are polar cm: sti^ngertoweatorplae«sofaatton{2418;)o<li^ 
not, is however an exceedingly huportant ciues*- again appeared to have their origin in in^cM . 

tion; aatd ^my essential and great diS^KNooes, currents <26, 2aa&) ; and hirther eensideratieh 
in the mode of of these bodies under the seemed to indicate that the diSereaces between 
one view cm* the pther, must be conoeived. to these modes of action and' of. a real polar^ 
exist* I found that in every endeavour to pro- ity, whether magnetic or (hamagnetiCy* 
ceed by inductioiiof experimetit from that which serve as a foundation on which to base a mode 
is known in this department of science to the of investigation, and also to construct an ap^ 
unknown, sex mu(^ uncertainty, hesitation and paratus that mi^t give useful concteions and 
discomfort, arose from the unsettled state of results in respect of this inciuiry* For, if the 
my nund on this point that I detennined, if polarity exists it most be in the particles and 
possible, to arrive at sozne experimental, proof for the time pemianent, and throve dietid*<' 
either one way or the other* This was the more guishable from the momentary polarity 
needful, because of the conclusion in the affirm- mass due to induced temporary currents ; aind 
ative to which Weber had come in his very it must also be disiinguii^iaUe from ordinary 
philos()phical paper; and so irnportant do I magnetic polarity by its contrary direction* 
think it for the progress of science, that, in 2643.Astraig^twoodenlever,2feetintengtii; 
those im^rfectly developed regions of knowl- was fixed by an axis at one end, and by means 
edge, wUch form its boundaries, our conclu- of a crank and wheel made to vitiate in a hori^ 
sions and deductions should not go far beyond, zontal plane, so that its free extremity jbassed 
or at all events not aside from the results of ex- to and fro through about 2 inches* Cylhidm 
periment (except as suppositions), that I do or cores of metal or other substances, 
not hesitate to lay my present labours, thou^ ches long and three-quarters of an inch diame^ 
they arrive at a negative residt, before the ter, were fixed in succession to the end of h 
Royal Society. brass rod 2 feet long, wMch itself was attached 
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a, 6, «; k* 4, 4 wooden lidve^, of Which 0 is tiia exl8,/tluB o^k'^Wheel* end g this 

wheel with'itSlMhdle h; f the bar oo&neotlngthe Cran^'Wheel aWd lb a cylinder Or ogre of metet^'^ 
to be i the atid taoanieUim iftiS 'Jcwen^va the 'Mix 

the ^tittg ^Mery; p the 

20 feet uoni the ekotiO'macnet; r the oommutator; w, « s, s 

the two arms of the bivw^^wive ittWBSth. The 

of -riiinlftriiiflth: 'Iho at the riactro^ttagnet and eaiperioHaM helix is in tet|er;y^ 

**"itiiriiiptilfin ^> *1 ' 
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M the 00m mad to tiie niovkig ^xtaseadty of 
& 0 ’}ever« so tilat the cylindefs could be moved 
tosdodihom Ifaedirecti^^ of theirtength through 
jthe space of 2 inches. A huge cylinder electro- 
nsiagni^ was also prepared (2191), the ircm core 
ic^ wfaidi was 21 inches l<mg, and 1.7 inch in 
dkmeto; but one end of i£k core was made 
laaialler for the length of 1 inch, being in that 
part only 1 inch in diameter. 

2644. On to this reduced part was fixed a 
Imllow helix consistmg of 616 feet of fine cov- 
ered copper wire: it wasfi inches long, 2 inches 
extemcJ diameter, and 1 inch internal diame- 
ter: when in its place, 1 indb of the central 
ipace was oocupi^ by the reduced end of the 
dectro-magnet core which carried it; and tiie 
magnet and helix were both placed concentric 
with the metal cylinder above mentioned, and 
if siich a distance that the latt^, in its motion^ 
would move within the helix in the direction of 
its axis, approaching to and receding from the 
electro-magnet in rapid or slow succession. The 
least and greatest distances of the moving cyl- 
inder from the magnet daring the journey were 
one-eighth of an inch and 2.2 inches. The ob- 
ject of course was to observe any influence 
upon the experimental helix of fine wire which 
the metal cylinders might exert, either whilst 
moving to or from tiie magnet, or at different 
distances from it.^ 

2645. The extremities of the experimental 
helix wire were connected with a very delicate 
galvanometer, placed 18 or 20 feet from the 
machine, so as to be unaffected directly by the 
eiectro-magnet; but a commutator was inter- 
posed between them. This commutator was 
moved by the wooden lever (2643), and as the 
dectric currents which would arrive at it from 
the experimental helix, in a complete cycle of 
motion or to and fro action of the me^ cyl- 
inder (2^43), would consist of two contrary 
ixuriaons, so the office of this commutator was, 
sometimes to take up these portions in succes- 
don and send them on in one consistent cur- 
rent to the galvanometer, and at other times to 
cmpose them and to neutralize their result; and 
^rdore it was made adjustable, so as to change 
at any period of the time or part of the motion. 

2646. With such anarrangement as this, it is 
l^wn that, boweiw powerful the. magnet, 
and ^wever dd&^te^^^ other parto of the ap- 

no etfect gift he pnoduced at the gd- 

^ Is vsrir that If the metals were ittade 

ittto eyHfidm Shorter, Imt’of larger diameter than 

; he aequaed. 


SmamXXlU 

vaimmet^aslongaslhemag^ 
in force, or in its action upon ndghbouring 
bodies, or in its distance horn, or r^ti<m to, 
ihe experimental hdix; but the introduction of 
a piece of iron into the hehx, or anything else 
timt can influence or be influ^ced by the mag- 
net, can, or ought to, diow a corresponding in- 
fluenoe upon the helix sikI galvanometer. My 
apparatus I should imagine, indeed, to be al- 
most the same in principle and practice as that 
of M. Weber (26^)), except that it gives me 
contrary results. 

2647. But \o obtain correct concludcps, it is 
most essentikl that extreme precautioBlshouid 
be taken in relation to many points ^mich at 
first may seem unimportant. All parts|of the 
apparatus should have perfect ste^inei^, and 
be fixed almost with the care due to an\hstro- 
nomical instrument; for any motion ol.any 
portion of it is, from the construction, sure to 
synchronize with the motion of the commuta- 
tor ; and portions of effect, inconceivably small, 
are then gathered up and made manifest as a 
whole at the galvanometer; and thus, without 
care, errors might be taken for real and correet 
results. Therefore, in my arrangements, the 
machine (2643, <&c.), the magnet and helix, and 
the galvanometer stood upon separate tables, 
and these again upon a stone floor laid upon 
the earth; and the table carrjring the machine 
was carefully strutted to neighbouring stone- 
work. 

2648. Again, the apparatus should itself be 
perfectly firm and without shake in its motion, 
and yet easy and free. No iron should be em- 
pby^ in any of the moving parts. I have 
springs to receive and convert a portion of the 
momentum of the whole at the end of the to 
and fro journey; but it is essential that these 
should of hammered brass or copper. 

2649. It is absolutely necessary that the cyl- 
inder or core in its motion should not in the 
least degree disturhior shake the experimental 
hdix and the magnet. Such a shake may easily 
take place and yet (without mudi expmence) 
not be perceived. It is important to have the 
cores of such bodies as bismuth, phosphorus, 
copper, A;e., as large as may be, but I have not 
found it safe to have less than one-ei^th of an 
inc^ of q>acie bd^ween tihem^a^ ike 

the experiment heUx. in order t as » 
weir©, theeoiw inthaair,:it is oOTvei^irt 
pend it in the big^t or turn of a fip6 
wire piastifig once round it, 
rise up, anri are’made £ut to 
at eqaai hw^hti but wkb a{iart» go 
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wire has a V lorsou This suspensioh keeps the 
core paisHel to itsetf in wery part of its mo- 
tion. 

2550. The magnet, when excited, is urged by 
an electric current from five pairs of Grove’s 
plates, and is then very powerful. When tiie 
battery is not connected with it, it still remains 
a magnet of feeble power, and when thus em- 
{doyed may be referred to as in the teMual 
state. If employed in the residual state, its power 
may for the time be considered constant, and 
the experimental hdix may at any moment be 
connected with the galvanometer without any 
current appearing there. But if the magnet be 
employed in the excited state, certain impor- 
tant precautions are necessary; for upon con- 
necting the magnet with the battery and then 
connecting the experimental helix with the gal- 
vanometer, a current will appear at the latter, 
which will, in certain cases, continue for a min- 
ute or more, and which has the appearance of 
bemg derived at once from that of the battery. 
It is not so produced, however, but is due to 
the time occupied by the iron core in attaining 
its maximum magnetic condition (2170, 2332), 
during the whole of which it continues to act 
upon the experimental helix, producing a cur- 
rent in it. This time varies with several circum- 
stances, and in the same electro-magnet varies 
especially with the period during which the 
magnet has been out of use. When first em- 
ployed, after two or three days’ rest, it will 
amount to eighty or ninety seconds, or more. 
On breaking battery contact and immediately 
renewing it, the effect will be repeated, but oc- 
cupy only twenty or thirty seconds. On k third 
intermission and renewal of the current, it will 
appear for a still shorter period; and when the 
magnet has been used at short intervals for 
some time, it seems capable of receiving its 
ma^um power almost at once. In every ex- 
periment It is necessary to wait until the effect 
is shown by the galvanometer to be over ; other- 
wwe the last remains of such an effect might be 
DMstafcen for a result of polarity, or some pe- 
culiar action of the bismuth or other body un- 
^crinvesti^tion. 

2661, The galvanometer emjdoyed was made 
by Ruhmkorff and was very sensible. Theneedles 
were strengthened in their action and rendered 
^ nearly equal that a single vibration to the 
or to the ‘ occupied from axteen to 

^^^s^sondfc Wbmexpeitomting wMhiueh 

.^eeas bh^i^ov the place of 

hee)l%.^M obi^Mrired 


cuit was continuidly ascertained if a facile 
thermo-electrio pair, waiined by the fingem. 
This was done also for every potion of the 
commutator, where tiie film of oxide fonxmd dh 
any part by two or three days’ rest was qoite 
sufficient to intercept a feeble current. 

2652. In order to bring the phenomena af- 
forded by magnetic and diamagnetic bodies 
into direct relation, I have not so much noted 
the currents produced in the experimental hel- 
ix, as the effects obtained at the galvanometer. 
It is to be understood, that the standard of 
deviation, as to direction, has always been tiiat 
produced by an iron wire moving in the tone 
direction at the experimental helix, and with 
the same condition of the commutator and 
connecting wires, as the piece of bismuth or 
other body whose effects were to be observed 
and compared. 

2653. A thin glass tube, of the given sise 
(2643), 6H by % inches, was filled with a sat- 
urated solution of protosulphate of iron, and 
employed as the experimental core : the velocity 
given to the machine at this and all average 
times of experiment was such as to cause five 
or six approaches and withdrawals of the cdre 
in one second; yet the solution produced no 
sensible indication at the galvanometer. A piece 
of magnetic glass tube (2354), and a core of 
foolscap paper, magnetic between the poles of 
the electro-magnet, were equally inefficient. A 
tube filled with small crystals of protosulphate 
of iron caused the needle to move about 2^, and 
cores formed out of sin^e large crystals, oor 
symmetric groups of crystals of sulphate oi 
iron, produced the same effect. Red oxide of 
iron (colcothar) produced the least possible ef^ 
feet. Iron scales and metallic iron (the latter as 
a thin wire) produced large effects. 

2654. Whenever the needle moved, it vma 
conedstent in its direction with the effect of a 
mto^etic body; but m many eases witii khow^ 
magnetic bodies, the motion was little or none. 
This {nroves that such an arrangement is by W 
means so good a test of magnetic polarity al 
the use of a tinqde or an astatic needle. Thi| 
deficiency of pomr in that respect doi^ not; 
terfere with tts abfiity to search into' 

ture of the phenomena that appear 
experiments of Web^, RcSch and btheffs. '" ' " " 

2656. Other metals than iron were ifovr 
ployed and with perfect success. If titcgr 
magnetic, aS nicM and cobalt, tifo 
was in the same direction as far hOa. 
metab werndkona^efie, thedofleetioh'wait'fti' 
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Hnti tmtmes direetion; Md to aome of itw 
atodi, a* ooiiper, sU w aod gdd, lunoimtol 
to d(f or 7()^, wlu(di wae pensaoently sustained 
4 a long as the machine continued to work. But 
the ddleotion was not the greatest for the most 
diamagnetic substances, as lumnuth or anti- 
mony, or phosphorus; tm tiie contrary, I have 
not bwn able to assure myself, up to this time, 
that these three bodies can pr^uoe any effect. 
UiUB far the effect has becm proportionate to 
the conducting power of the substance to tieo- 
tricity. G<dd. stiver and copper have produced 
toge deflections, lead and tin less. Platina very 
littie. Bismuth and antimony none. 

2656. Hence there was every reastm to be- 
lieve timt tire effects were produced by the cur- 
rmts induced in the mass of the moving metals, 
aptd not byanypolarity of thdr particles. I pro- 
ceed therefore to test this idea by diffment 
eonditions of the cores and the apparatus. 

2657. In the first place, if produced by in- 
duced currents, the great pre^xtrtion of these 
would exist in the part of the ccue near to the 
domhiant magnet^ and but littie in the more 
distant parte; whereas in a substance like iron, 
the p(d^ty whidii the whole assumes makes 
length a more important element. I therefore 
shortened the core of copper from inches 
(26i3) to 2 inches, and found the ^ect not 
sensibly diminished; even when 1 inch long it 
was littie less than before. On the contrary, 
when a fine iron wire, 5H inches in length, was 
used as core, its ^ects were strong; when the 
teogthwasr^cedto 2 inohes,theyw 6 regreatiy 
diminished; and again, with a length of 1 inch, 
still furtiier greatly reduced. It is not difiicult 
to ccmstruct a core of copper, with a fine iron 
trite in its axis, so that triren above a certun 
lengtii it should produce the effects of iron, and 
be^tii that length the effects of copper. 

2658. In the next place, if the effect were 
pindueedbyinduoedcurrNitsinthemass(26A2), 

timmasB would stop these ounmits 
sad so alter the effect; whereas if produced by 
S true diamagnetic polarity, diviritm of the 
mass would not affect tiie pdarity seriously, or 
in its esBSotial nature (2430). S(^ copper fit- 
ings wwe tfaentoe digseted to a few days in 
dflute solphuiie add t|o remove any adhetu« 
inn, then wdl-wssbed and dried, and after- 
ward waniwd and etimd in the air, until it 
wsfi seen by tto runais sofeqr that a very tidn 
Idm iff oxide bad tooMd tiiem: they iNsie 

‘|p 4 ^iatroduoed ktoail^ (2668) and 

MIpIdlldMnaoim 

linM traanowas sfumtiyu ae Iris^ 


n 2660; .Xtonopper' isialir hewuMF 
80 as tsitiier toinfeifeinUttk ito MBimied OC£N 
rents or not, at ideasure. Hne copper 'wire was 
etlit up into les^fas of indbei^ and aa numy 
of these assoc^ied tog^er as would fom a 
compact cytinder thie^iiarters of an indi in 
diameter (2643) ; it produced no effect at the 
galvanometer. Another ooi^ier core waa pre- 
pared by associating together many discs of 
thkx copper plate, tiluoe>* 4 uarter 8 of an inch in 
diameter, and thb affect^ the galvanometer, 
holding its needle 25** or 30** from aero. 

2660. I px^Mle a soUd helix cylinde^ , three- 
quarters of an inch in diameter and flinches 
long, of covered copper wire, one-sixtemth of 
an inch thick, and employed this as the mperi- 
mental cores When &e two ends of Ha wire 
were unconnected, there was no effect^ upon 
the experimental hdix, and consequently none 
at the galvanometer; but when the ends were 
soldered together, the needle was well affected. 
In the first condition, thecurrents, which tended 
to be formed in the mass of moving metal, 
could not exist because the metal circuit was 
interrupted; in the second they could, because 
the circuit was not interrupted; and such di- 
vision as remained did not interfere to prevent 
the currents. 

2661. The same results were obtained with 
other metals. A core cylinder of gold, made of 
half-sovereigns, was very powerful in its effect 
on the galvanometer. A cylinder of silver, made 
of sixpenny pieces, was very effectual; but a 
cylinder mai^ of precipitate silver, pressed 
into a glass tube as closdy as possible, gave no 
indications of action whatever. The same re- 
sults were obtained with disc cylinders of tin 
and lead, ihe effects being proportionate to the 
condition of tin and les^ as bad conductors 
(2666). 

2662. When iron was divided, th» effects 
were exactly the reverse in kind. It was neces- 
sary to, use a muehheoarser galvanoii^r and 
apparatttftf(»r the purpose; but that bdng done, 
t^ emplo 3 rment of a Mid iron core, and of an- 
other of the same sue or wu^t formed of 
lengths of fine iron wire (3663)^ dawred that 
ti^edhmotiliadoc^^ no inieiMIbyin the 

The exeellust mqperimeoM rCiearehu 

of Dove^ on .the eieetisdty of sndfoetfofff Ml 
fhowthaitUe.oMit^^^ ^ 

2663r BieiiiM>4ie«>eMt of dldstohi the ^ 
lUiglutia emgethdi' exf^ nature to 

ooiSiixt the ociMxi^ 
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j 0 oi^ liua^ tbefa^ mseMs^Aaikd nol io my 
polaril^ eorrei^pcmdtot m its ^hsMI nature 
(though opposed m its direction) to that of 
iron. <- 

2M4. In the tfaihl place (2656); another and 
very in^iortmt distinction in the acticms of a 
diamagnetic metal may be experiment^ly es* 
tablished according as they may be due dther 
to a true polarity, or merely to the pres^ce of 
temporary induct currents; and as for the 
consideration of this point diamagnetic and 
magnetic polarity are the same, the point may 
best be consider^, at present, m relaticm to 
iron. 

2665. If a core of any kind be advanced to- 
wards the dominant magnet and withdrawn 
from it by a motion of uniform velocity, then a 
complete journey, or to mdfrom action, might 
be divided into four parts; the to, the stop after 
it; the from, and the stop succeeding that. If a 
core of iron make this journey, its end towards 
the dominant magnet becomes a pole, rising in 
force until at the nearest distance, and falUng 
in force until at the greatest distance. Both 
this effect and its progression inwards and out- 
wards, cause currents to be induced in the sur- 
rounding hdiir, and these currents are in one 
direction as the core advances, and in the con- 
trary direction asit recedes. In reality, however, 
the iron does not travel ^vith a constant veloc- 
ity; for, because of the communication of mo- 
tion from a xevolving crank at the machine 
(2643), it, in the to part of the journey, grad- 
ually rises from a state of rest to a maximum 
velocity, whtdh is half-way, and then as grad- 
ually sinks to rest again near the magnet : and 
the from part of the joumny undergoes the 
same variations. Now as the maximum effect 
upon the surrounding experimental heUx de- 
pends upon the vdodty conjointly with the 
intensity of tihe magnetic force in the of 
the core, it is evident that it wfll not occur with 
the maxhnum vriboity^ which is in the middle 
of the to or /commotion; nor at the stop nearest 
to the dominant ma^et, where the cone, end 
^ greatest taagnetie force, but somewhere 
h6tweeQ,^tw04 NeiNutheie^ during then^Aoto 
of theadvitooe) thecoxe will causes ofurrent in 
the expet^oasutsl h^ in one <hrectioa, and 
^'iringthe irisdeof the leoes^ 

curient in tile t^r 

under the infltt** 
of assume also e 

polar 

pdbsof liim miihas^ 


forces are changed la pleee (2429^ 2480)i then 
the same kbd of notion as &at describe lohr 
iron would occur with them; the only difference 
being, tiiat the two currents produced would 
be in the reverse direction to those produced 
by iron. 

2667. If a commutator, therefore, were to be 
arranged to gather up these currmits, either in 
the one case or the other, and send them on to 
the galvanometer in one consistent current, it 
should change at the moments of the two stgps 
(2665), and then would perform such duty per- 
fectly. If, on the other hand, the commutator 
should change at the times of maximum veloc- 
ity or maximum intensity, or at two other 
times equidistant either from the one stop or 
from the other, then the parts of the opposite 
currents intercepted between the changes would 
exactly neutralize each other, and no final cuiv 
rent would be sent on to the galvanometer. 

2668. Now the action of the iron is, by ex- 
periment, of this nature. If an iron wire he 
simply introduced or taken out of the experi- 
ments hdix with different conditions of the 
commutator, theresultsareexactly thosewhidi 
have been stated. If the machme be worked with 
an iron wire core, the commutator changing 
at the stops (2665), then the current gathered 
up and sent on to the gSvanometer is a maxi- 
mum; if the commutator change at the mo- 
ments of maximum velocity, or at any other 
pair of moments equidistant from the one stop 
'or the other, then the current at the commutik 
tor is a minimum, or 0. 

2669. There are two or three precautions 
which are necessary to the production of a 
pure result of this l^d. In the first placej tbe 
iron ought to be soft and not previously in a 
magnetic state. In tbe next, an effect of the 
following kind has to be guarded against. If tibe 
iron core be away from the dominant magnet 
at the beginning of an experiment, then, on 
working the machme, the gSvanometer wffl be 
seen to move in one direi^oii for a few tox^ 
ments, and afterwards, notwithstanding tbs 
continued action of the madhine, wifi return 
and gradually take up its place at 0^. If tiie 
iron core be at its shortest distance from tiie 
dominant magnet at the beginning of the mk 
periment, then the galvanometer needle 
move in ^e eontnuy direction to flmt whkAlt 
took before, but will agmn settie at 0*^ Ithme 
effects are <hie to the circuinstiixiee, tiiab, wWl 
the lion fe away Iran the dominant 

is not in so slr^ a magnetic state, aad'WWi 
at the nearest to it to in a strongm 1*^ 
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them^ merctge tkiie^ vMck it aeq^kee dar* 
log iQid conMnaaiioe of an ; and that 

in rifldng or falUng to this avera^ atate, it pro- 
^ftiices two currentsin contrary duacticntB, whidi 
areinademanifostmtiieexperimentsdescribed. 
These eidsting only for the first moments, do, 
in thdr effects at the galvanometer, theii ap- 
pear, producing a vibration which gradually 
passes away. 

2670. On^ oth^ precaution I ought to spe- 
cify. Unless the commutator changes accurately 
at the ^ven points of the journey, a little effect 
is gathered up at each chsmge, and may give a 
permanent deflection of the needle in one Sr 
rection or the other. The tongues of my com- 
mutator, being at right angles to the direction 
of motion and somewhat flexible, dragged a 
littie in tixe to and/rom parts of the journey: in 
doing this they approximated, though only in 
a sm^ degree, to that which is the l^st condi- 
tion of the commutator for gathering up (and 
not opposing) the currents; and a deflection to 
the right or left appeared (2677). Upon dis- 
covering the cause and stiffening the tongues 
so as to prevent thdr flexure, the effect disap- 
peared, and tbe iron was perfectly inactive. 

2671. Such therefore are the results with an 
iron core, and such would be the effects with a 
copper or bismuth core if they acted by a dia- 
magnetic polarity. Let us now consider what the 
consequences would be if a copper or bismuth 
core were to act by currents, induced for the 
time, in its moving mass, and of the nature of 
those suspected (2642). If the copper cylinder 
moved with uniform velocity (2666), then cur- 
rents would exist in it, paiwel to its circum- 
fei^ce, during the wt^ time of its motion; 
and these would be at their maximum force 
just before and just after the to or inner stop, 
for then the copper would be in the most in- 
tense parts of ibe magnetic field. The rising 
ctnrent of tiie copper core for the in portion S 

would produce a current in one di- 
nsction in the experimental helix, the stopping 
of tiie copper and consequent falling of its cur- 
rent would produce in the experimental helix a 
current Contrary to Ihe former; the first instant 
of motien in the core wouM produce a 

lUaximuin cuirtot in it contrary to its former 
oturaaty . and imdtidng in the experimental 
iieiSx its Inductive result, bring a current the 
same as the faiat tfam px^uced; and then, as 
core ietreated, ifo 0 ^^ wouM fail, and 
a 2 id hy Its stq>, would produce 

helix, in 


2672. Thelmnr currents produced in the ex^ 
perimental hefix alternate by twos, i.e., tirose 
luoduced by the falling of first cmrent in 
ihe core and the rismg of ihe second and con- 
trary current, are in one direction. They occur 
at the instant before and after the stop at ihe 
magnet, i.e., from the moment of maximum 
current (in the core) before, to the moment of 
maximum current after, the stop; and if that 
stop is momentary, they exist only for that 
moment, and should during that brief time be 
gathered up by the commutator. Those pro- 
duced in the experimental helix during the fall- 
ing of the «sCond current in the core ijtod the 
rismg of a third current (identical wfth the 
first) in the return of the core to the 4agnet, 
are also the same in direction, and ccc;itinue 
from the beginning of the retreat to the idind of 
the advance (or from maximum to maxin|ium) 
of the core currents, i.e., for almost the Whole 
of the core journey; and these, by its change at 
themaximum moments, the commutator should 
take up and send on to the galvanometer. 

2673. The motion however of the core is not 
uniform in velocity, and so, sudden in its change 
of direction, but, as before said (2665), is at a 
maximum as respects velocity in the middle of 
its approach to and retreat from the dominant 
magnet; md hence a very important advan- 
tage. For its stop may be said to commence 
immediately after the occurrence of the maxi- 
mum velocity; and if the lines of magnetic 
force were equri in position and power there to 
what they are nearer to the magnet, the con- 
trary currents in the experiments h^x would 
commence at those points of the journey; but, 
as the core is entering into a more intense part 
of the firid, the current in it still rises though 
the velocity diminishes, and the consequence 
is, that the maximum currmit in it neither oc- 
curs at the place of greatest vdocity, nor of 
gretatest force, but at a point between the two. 
Tbh is true both as regards the approach and 
therecesrionof the 6bre,the two nmximaof the 
currents occurring at points equidistant from 
tiie place ot rest near &e dominant magnet. 

2674. It is therefore at these two pc^ts that 
the commutator riiouid change, if ^justed to 
produee the greatest effect at the galvanometer 
by the ourraits excited in the ea^jerimOTtw 
helix, through tibe influence of, or in connen^ 
with, currents of mduction proikiced in the 
core; and 6iq)erimeiat fully justifies tins 

riuston. Xf the length of tiie joutmy 
ttop oat fo thestop in, which is 2 
S6M), te divided into 
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inaxit ixkftgQeti to be 

haod, llietieudbiaaM^rewonasihefc^o^^ 
5a|50, mayrein'eseBt theidaee where the eomr 
mutator changee^ which in this illustration 
would be midway in the to and from moti<m, or 
at the places of greatest vdocity. 

.2675. Upon trial of various adjustments of 
tibe commutator I have found that from 77 123 
to 88|12, gave the best results with a copper 
core. On the whole, and after many experi- 
ments, I conclude that with the given strength 
of electro-magnet, distance of the experimental 
core when at the nearest from the magnet, 
length of the whole journey, and average veloc- 
ity of the machine, 86114 may represent the 
points where the induced currents in the core 
are at a maximum and where the commutator 
ought to change. 

2676. From what has been said before (2667) , 
it will be seen that both in theory and experi- 
ment these are the points in which the effect of 
any polarity, magnetic or diamagnetic, would 
be ateolutely nothing. Hence the power of sub- 
mitting by this machine metals and other bod- 
ies to experiment, and of eliminating the effects 
of magnetic polarity, of diamagnetic polarity, 
and of inductive action, the one from the others : 
for either by the commutator or by the direc- 
tion of the polarity, they can be separated; 
and further, they can also be combined in va- 
rious ways for the purpose of elucidating their 
joint and separate action. 

2677. For let the arrows in the diagram rep- 
resent the to and from journey, and the inter- 
sections of the lines, a, 6 or c, d, &c., the periods 
in the journey when the commutator changes 

M I/' 
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(in which case c, i will correspond to 50}50, 
and c, / to 861 M), thitei o, 6 will represent the 
condit^ of theeoiumutator for the maximum 
^ect of iron or any other polar body4 If the 
line a 6 be gradually revolv^ \mtil parallel to 
d, it will iujev^ position indicate points of 
oenuniitator wtudx will give the iron 

effect at 'tim galinanoipe^ by a deflectiQU ol 
% needle same directicm; it mi 

^ Ibo emie u ^ peseid tbe 


points c andd, eith^ abbve cr below, that the 
direction of the deflactimi iwfil ehai^se 
But the line a, h Indicates those points fW the 
commutator with which no effect will be ptof 
duced on the gal vanmneter by the mduction of 
currents in tiie ihass of the c<^e. If the line be 
indined m one direction, as i, k, then these eim- 
rents will produce a deffection at the galvan^ 
ometer on one side; if it be inclined in the other 
direction, as I, m, then the deflectkm will be on 
the other side. Therdore the effects of th^ in*- 
duced currents may be either combined with, 
or opposed to, the effects of a polarity, whether 
it be magnetic or diamagnetic. 

2678. All the metals before mentioned (2655), 
namely, gold, silver, copper, tin, le^ platina, 
antimony and bismuth, were submitted to the 
power of the electro-magnet under the best ad- 
justment (2675) of the commutator. The effects 
were strongs than before, being now at a max- 
imum, but in the same order; as regarded anti- 
mony and bismuth, they were very small, 
amounting to not more than half a degree, and 
may very probably have been due to a remain^ 
der of irregular action in some part of the ap- 
paratus. All the experiments with the divided 
cores (2658, &c.) were repeated with the same 
results as before. Phosphorus, sulphur and gutta 
percha did not, either in this or in the former 
state of the commutator, give any indication 
of effect at the galvanometer. 

2679. As an illustration of the manner in 
which this position of the commutator caused 
a separation of the effects of copper and iron, 1 
had prepared a copper cylind^ core 2 inches 
in length having an iron wire in its axis, and 
this being employed m the apparatus gave the 
pure effect of the copper with its induced 
rents. Yet this core, as a whole, was hi|^y 
magnetic to an ordinary test-needle; and when 
the two changes of the commutator were not 
equidistant from the one stop or the 
(2670, 2677), the iron effect came out powers 
fully, overruling the formed amd produtiag very 
strong contrary deff ections at the needle. The 
platinum core which I have used is an imj^ 
feet cylinder, 2 inches long and Q.^ of nnineh 
thick : it points magnetically between the pete 
of a borsBshoe electro-magnet (2381), 

a vibration in less than a second, but wi^^^v 
abovecondition of tiiecommutator (267S) 

4'' of deSeotion due to the induced 
xasgnetie effect being aniudlsd 

S;68(h Some^tiie 

by obitqpe position of theconsmiti^^ 
were worked out in eonficmatiim o£ jMfCBWiae 
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oo tea l u tiott? 

' m #d|itBMi>iM) ib;«aml)i]tt 

w m a diatnagnuitio lodty, 

gdjg^ii^pdwe8S,vii*thaaybimduetixi«p^^ 
'4 k^ l>amit 4^ f<Htnati(» euira^ by 

liiiMtkk m its loaas (2676), stUl thA«Seet8 wrae 
SD Qilmite aid uBoertaiii as to oblige me to say 
tint; «xperiiaentdly, it is without dther pdbff 
wli^ctive action. 

2681. TberaisaaothcrdiStinetionwH^ may 
usebi^ be established-between the effects of a 
trim BudaaaaUe polarity, either m^^tetic or 
dumagnetie, and tiiose of the Ixans^t imluced 
currents depmidaat upcm Hm. If we consider 
ihe reostaaoe in the oircuiti whidi uududee the 
experimental hdix and the gdvanometar coil, 
as nothing, thmi a magnetic pole of constant 
etemigtii passed a certam dktance into the hri- 
._ii: would produce rite same amount of currmit 
fledricity in it, whdher the pole were moved 
into its place by a quick or a slow motion. Or if 
tiM iron core be usd (2668) tiie same result is 
produced, provided, in any alternating action, 
tiie core is Idt long mioui^ at the extremities 
(d its journey to acquire, athra in its quit^ or 
sfciw dtemation, the same state. TUs I found 
to be tiie fact when no ccHamutator nor domi* 
nant magnet was used; a sinde insertion of a 
weak magnetic pde gave the same deflection, 
whdherintioducedquicklyor8lowly;andwhra 
the residusl dominant magnet, an iron wire 
core, and the commutator in its position U, b 
(2677) .wwe used, four joum^ to and from 
pKothioed the samc deet at tiie galvanometo: 
when the vdocities wme as 1 :6 or even as 1 :10. 

-2682. When a copp«r,«silver, <x gold core is 
emidoyed inf^aoeof the iron, the dect is very 
different. Theeti is no reason to doubt, ^t, as 
Mgaids tire cme itsdf, the same amwnt of 
ehNdridty is thrown into the form of induced 
theuliriing currents witiun it, by a journey to 
w/lmm, whether journey is p^^orined 
. eP|)wl(fyOrslowly:^aboveexperimei^ (26Sl) 
i(rfrMri«oaifirBW a»h a ccmclusion. But the 
hot whid is produced upcm the experinuarial 
bsik » not'WVpQitionate to the dioie amount 
edthiese enieentii, but to the maximum intmai* 
tieo t^'Vbiih'HHQr risor .When the core moveb 
sMt^f thfr jntmsi^ « emaU; when it moves 
iifr greats a^seoeeMrily eo, for the 
' s«m morihri of ’deehioi^ fern 
'.hsb.dlSeriDgp^^ of jtiamoceuided by the 

' Isoteee afrr effoet on theexpeiiitiental 
than the dowly maving eon; and' tUs 
’■'|||Bd.'lo«iid' to-be the iMh'" ' 


tiM ip#aintti,>4ud dwipaddshs^^ 
Hsaven^-vdhdty un^ fcr^jeuneyotband 
from had>beai icomfdded-; the gdvaadneter 
needle paeaed 89^ -w^ Ihentheimaddne was 
worked with a greater rapiidtyv aiso frr'frrty 
jo>um(qr% and tiie needle patted throng 8^ or 
moreweet; findly, bring worked at a dew rate 
for the same nuPber of jonineys, tbb needle 
sent.titrou^ ody 21° west. The extreme veloc- 
ities in this mperiment trare prObabfy as 1:6; 
tiie time in the Imigeet Case was oonsidBrably 
less than that of one -vibration of tiie needle 
(2661), 80 that ! briieve all the force in the 
dowest case was eoBected. The needlh is -very 
littie influenced by the swing or mommtum of 
its parts, because of the deadening effm of the 
copper plate beneath it, and, except te rrium 
to aero, moves -very tittie after the motion of 
fhe apparatus ceases. A silver core p^uced 
tiie same results. \ 

2684. These effects of induced currents have 
a relation to the phenmnena of revulsion which 
I formerly described (2310, 2315, 2338), bring 
^ same in their exciting cause and principles 
of action, and so the two sets of phenomena 
confirm and illustrate each other. That the re- 
vulsive phenomena are produced by induced 
currents, has been shown before (2327, 2326, 
2386, 2339) ; the only difference is, tiiat -with 
them the induced currents were produced by 
exalting the force of a magnet placed at a fixed 
distance from the affected metal; whilst in the 
present phmuHnens, the force of the magnet 
does not change, but its distanee fimu the piece 
of metal does. 

2685. So also the same circumstimces which 
affect the phmiomena here affect the revultiTc 
phenomena. A plate of metal will, as a whole, 
be -weil-revulsed ; but if it be divided across the 
course of the induced currente it ie not then af- 
fected (2529). A ring helix of co{^ wire, if 
the extremities be unconnected, vw not exhibit 
the phencHnena, but if they be connected then 
it presents thenl*(2660). 

2686. On the whole, the revulsive phenomena 
auw a far better -test andinc&ation of these cu^ 
units than tiie present effiset8; 6||perially if ad- 
vantage be tato of tim tfrrisioft d tin-mass 
mto platei^ so- es. to' be- amloj^ons, or Tsthw 
8tq)«iort in tiirir aetioii to tto'CBtoejitiad^ 
tores <2852^ 2661). Ptstisum, psyatUtm sou 
lead toleaf orfiati, if itot-or<lQldad fattoSqaaies 
baB'ttiytivitt'titoatde,ttkdtiiea]^^ lega^ 
htoly togrihiBr^a^ahatMtim 
ttStUsdmtf wtllf mi ifadt^iiiBasiHiNlf'to -tin 
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V9&l6lv«,^tedii4fe^ greasy BxiMted;AQ^^ 
as I hBm fimdy nboim, exhibits the effect 
^eH (2^4, 2519). Both it and bismuth can be 
loade to give evidence of the induced currents 
produced iu them when ihey are used m thin 
platest either isn^e or associated, altiiough, to 
avoid the influence of ihe diamagnetic force, a 
little attention is required to the moments of 
leaking and brealdiQg contact between the voi<- 
taie battery and the dectro-magnet. 

2687. Copper, when thus divided into plates, 
had its revu^ve phenomena raised to a degree 
that I had ndi before* observed. A piece of cop- 
per fdl was axmealed and tarnished by heat, 
and then folded up into a smdl square block, 
half an inch in the side and a quarter of an 
inch thick, cbntmning seventy-two folds of the 
metal. This blodc was 8iuq)ended by a silk film 
as before (2248), and whilst at an angle of 3(f 
or thereabouts with the equatorial line (2252), 
the electro-magnet was excited; it immediately 
advanced or turned until the angle was about 
45^ or 50^, and then stood stUl. Upon the inter- 
ruption of the eketrio current at the magnet 
the revulsion came on very strongly, and the 
block turned back again, passed the equatorial 
line, and proceeded on until it formed an angle 
of ^ or 60^ on the oth^ side; but instead of 
continuing to revolve in that Erection as be- 
fore (2315), it then returned on its course, again 
pass^ the equatorial tine, and almost reached 
the axial position before it stood still. In fact, 
as a mass, it vibrated to and fro about the 
equatorial line. 

2688. Ihis however is a simple result of the 
principles of action formerly developed (2329, 
2336). The revulsion is due to the production 
of induced currents in the suspended mass dur- 
ing the faUingof &e magnetism of the electro- 
magnet; and the effect of the action is to bring 
the a?^ of these induced currents parallel to 
the axis of loine in the magnetic field. Gohse- 
quentiy, if &e time of the fati of magnetic 
force, ard therefore of the currents depe^ent 
th^eon, be giMfor than the time occu|aed by 
the revidfflimrof copper block as far as the 
equatcnfolrftin^ any further motion d it by 
momeiituqft will be counteracted bya contrary 
force; andi^ig ihfo force he strong enoui^ tiie 

The coadneting power of the 
lamina, tend to set 
iritb extra 
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fore the fsreeof tiie deetat>4sagnetluur<oeBaed 

to iell asy lurtheKiG|bte«ffBct ^ 
the rking imd-felliag qfffpoirer, faea bettit/i^ ' 
ferred to OD mtoy foivaer oeCaskMU C2L7(^286(;f^’ 
and is veay beaiztitolty eeen lure. ’ n,'' - ^ 

2689v Eeturaing to the aoibject of the ow* 
sumed polarity of bismuth, I may and 
refer to an experimient nda^ by Reidi; a^ de-* 
scribed by Weber;^ whach, if 1 understand 
instmctionaright,foaisMows:astiongb(wse- 
shoe tnagnd; is laid upon a table inaudi a posi- 
tion that the tine joining its two poles m pm^ 
pendicular to the magnetic meri<tian and to be 
considered as prolonged on one side; in tiiat 
line, and near the magnet, is to be placed ia 
small pow^ful magnetic n^le, suspoided by 
cocoon silk, and onthe other'si(kof it, the pde 
of a bar magnet, in such a position and sonesli 
as exactly to counteract the effect of thehocsei^. 
shoe magnet, and leave the needle to point 
actly as if both magnets were aWay. Thm 
a mass of bismuth b^ng placed between the 
poles of the horseshoe magnet is said to react 
upon the small magnet needle, catising its de^ 
fleetbn in a particular direction, and 
supposed to indicate the polarity of the 
muth under the circumstances, as it has nosueh 
action when the magnets are away. A piece tf 
iron in place of the bismuth produces 
trary defiection of the needle. 

2690. 1 have repeated this experiment atioijb 
anxiously and earefoliy, but have never 
tained the slightest trace of action with fte tost 
muth. 1 have obtained action with the hw; 
but in those cases the action was far less Ihaiq 
if the iron were applied outside between ^the 
horseshoe magnet and the needle, or to tbe 
needle alone, ^e magnets being entirdy 
On using a garnet, or a weak magnetic 
stance of any kind, I cannot find that 
rangement is at all comparable for readiheil d 
indication or deticaey, with the use of a doa# 
mon or an astatic nS^e, and theisefmie 
not undmtand how it could become a 
the polarity of tasnuith when these faS tbihMr, 
it. Still I may have made some mistaka; but 
neither by dose reference to the desciiptte, 
nor to the principles of polar action, ean i 
cover where. 

2691. There is an experiment whidbH|k|wr 
described to me, and which at fii«t'seeQis .tpfii» 
dioate stron^y the polarity of bbsmtih.'^tf.ia 
bar of bismuth (or phosidioruB) be stigpeiMlgd 
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laokiicmtaliy hdi^mts^ iSb» pctm of tiie dbc^ 
maiSBet, it will go to iite equatorial position 
mlit a certain force, paanng, as I have said, 
frmn stronger to weaker places of aeti (2267). 
If i her of iron of the same size be fixed in the 
equatorial position a little below the plain in 
which the diamagnetic bar is moving, the lat- 
ter wili proceed to the equatorial position with 
much greater force than before, and this is 
eonsidered as due to the circumstance, that, on 
the ride where the iron has N polarity, the dia- 
ma^ietic body has S polarity, and t^t on the 
other side the S polarity of the iron and the N 
polarity of the bismuth also coincide. 

2692. It is however very evident that the 
lines of magnetic force have been altered suf- 
ficiently in their intensity of direction, by the 
p^eemce of the iron, to account fully for the 
increased effect. For, consider the bar as just 
Irving the axial position and going to the 
equatorial position; at the moment of starting 
its extremities are in places of stronger mag- 
netic force than before, forit cannot be doubted 
for a moment that the iron bar determines 
more force from pole to pole of the electro- 
magnet than if it were away. On the other 
hai^ when it has attained the equatorial pos- 
stion; the extremities are under a much we^er 
magnetic force than they were subject to in 
the mime places before; for the iron bar deter- 
mines downwards upon itself much of that 
force, which, when it is not there, exists in the 
plane occupied by the bismuth. Hence, in pass- 
ing through 9(f , the diamagnetic is urged by 
Sr much greater difference of intensity of force 
when tile iron is present than when it b away; 
and hence, probably, the whole additional re- 
sult* The effect b l£ke many others which I 
tiave referred to in magneerystallic action 
(2487-2497), and does not, I tUnk, add any- 
thmg to the experimental proof of diamagnetic 
polarity. 

2693. Finally, 1 am obliged to say that I can 
find m> eaqierimental evidence to support the 
hypothetical view of diamagnetic polarity 
(2640), eitherinmy ownesqieriments, orin Ihe 
ri^tition of those of Weber, Beich, or others, 
li& iiot say that sudb a polarity does not esdst; 
snd l shoidd think it posrible that Weber, by 
Isr more delicate apparatus than mine, had 
ihtained >a trace of it, were it not thatd^hen 
ribs would have certainly met with the far 
amtapoweriui j^tectfi produced by coi^ier, gold^ 
ihWiv tknd the better ccindueting dianmgnetics. 
If hienmth dumld be fouzid to give any ^ect, 

rofer- 


mice to the poritiori of theaemandtator, 
rion of the mass by pidverizatiox^ ihfluenoe of 
time, &G. It appears to me also, that, as :the 
magnetic polarity conferred by iron or nickel 
in very small quantity, and in imfavouraUe 
states, is far more readily indicated by its ef- 
fect on an astatic needle, or by pointing be* 
tween the poles of a strong horseshoe magnet, 
than by any such arrangement as mine or Wel^ 
er's or Eeich% so diamagnetic polarity would 
be much more easily dbtingubhed in the same 
way, and that no indication of that polarity 
has as yet reached to the force and value of 
those already given by Brugmann and myself. 

2694. So/«at present, the actions represented 
or typified by iron, by copper and by Afamuth, 
remain dbtinct; and their relations are only in 
part made known to us. It cannot be ^ubted 
that a larger and simpler law of actioh than 
any we are yet acquainted with, will hereafter 
be discovered, which shall include all th^e ac- 
tions at once; and the beauty of Weber’s sug- 
gestion in this respect was the chief induce- 
ment to me to endeavour to establbh it. 

2695. Though from the conriderations above 
expressed (2693) I had little hopes of any use- 
ful results, yet I thought it right to submit cer- 
tain magneerystallic cores to the action of the 
apparatus. One core was a large group of sym- 
metrically disposed crystals of bbmuth (2457) ; 
another a very large crystal of red ferroprus- 
siate of potassa; a third a crystal of calcareous 
spar; and a foiirth and fifth large crystab of 
prot^ulphate of iron. These were formed into 
cylinders of which the first and fourth had the 
magneerystallic axes (2479) parallel to the axis 
of l^e cylinder, and the second, third and fifth, 
had the equatorial direction of force (2546, 
2594, 2595) parallel to the axb of the cylinder. 
None of them gave any effect at the galva- 
nometer, except tiie fourth and fifth, and tiiese 
were alike in thrir results, and were dependent 
for them on their ordinary magnetic property. 

2696. Some of the expressions I Imve .us^ 
may eeem to imply that, when employing the 
copp^ and other cores, I imagine ti^ currents 
are first induced in them fay the dominant m^ 
net, and that these induce the currents which 
are observed m the experimental helix. Wheth* 
er the cores act directly on the eiqperimentri 
briix or indirecstly thro^h their ififiumiea on 
the dominant magimt, b a very interestii^ 
question, and 1 have found it difficult tosel^ 
expresrions, timu^.I widied to do eov^v^ 
sb^d not in some degree prejudge that ques^ 
tkm* It seems to 
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act indiFectly on the hetix, and that their im- 
mediate action is altogether directed towards 
the dominant nxagnet, which, whether they 
consistof magneticordiamagneticmetals, raises 
them into power either pefmanentiy or tran- 
siently, and has their power for that time di- 
rected towards it. Before the core moves to ap- 
proach the magnet, the magnet and experi- 
mental helix are in close relation; and the lat- 
ter is situated in the intense field of magnetic 
force which belongs to the pole of the former. 
If the core be iron, as it approaches the mag- 
net it causes a strong convergence and concen- 
tration of the lines of magnetic force upon it- 
self; and these, as they so converge, passing 
through the helix and across its convolutions, 
are competent to produce the currents in it 
which are obtained (2653, 2668). As the iron 
retreats these lines of force diverge, and again 
crossing the line of the wire in the helix in a 
contrary direction to their former course, pro- 
duce a contrary current. It does not seem ne- 
cessary, in viewing the action of the iron core, 
to suppose any direct action of it on the helix, 
or any other action than this which it exerts 
upon the lines of force of the magnet. In such a 
case its action upon the helix would be indirect. 

2697. Then, by all parity of reasoning, when 
a copper core enters the helix its action upon it 
should be indirect also. For the currents which 
are produced in it are caused by the direct in- 
fluence of the magnet, and must react equivar 
lently upon it. This they do, and because of 
their direction and known action, they will 
cause the lines «of force of the magnet to di- 
verge. As the core diminishes in its velocity of 
motion, or comes to rest, the currents in it will 
cease, and then the lines of force will converge; 
and this divergence and convergence, or pas- 
sage in two directions across the wire of the 
experimental helix, is suflicient to produce the 
two currents which are obtained in the advance 
of the core towards the dominant magnet (2671, 
2673). A corresponding effect in the contrary 
direction is produced by the retreat of the core. 

2698. Chi the idea that the actions of the 
core were not of this kind, but more directly 
upon the hefix, I interpo^ substances b^ 
tween the core and the helix during the times 
of the experiment. A thick copper cylinder 2.2 
inches OJ of an inch external diameter, 
end (K1 an in(h internal diameter, and con- 

0.3 of an inch thick in the sides, was 
in the experimental helix, and an iron 
cose (206$) uaed m the apparatus. Stfii, 
whadie^er the kbd 


and amount of ect produced were the samis 
as if the copper were away, and either glass oir 
air in its ^ce. When the doxmnant mai^et 
was removed and the wire core made a ma^et, 
the same results were produced. 

2699. Another copper lining, being a cylin^ 
der 2.5 inches long, I inch in externd diame* 
ter, and one-eighth of an inch in thickness, was 
placed in the experimental helix, and cores of 
silver and copper five-eighths of an inch in 
thickness, employed as bkore, with the best, 
condition of the commutator (2675): the ef- 
fects, with and without the copper, or with and 
without the glass, were absolutely same 
(2698). 

2700. There can be no doubt that the copper 
lining, when in place, were full of currents at 
the time of action, and that when away no 
such currents would exist in the air or gla^ re- 
placing them. There is also full reason to nA*- 
mit, that the divergence and convergence otibe 
magnetic lines of force supposed al^ve (2697) 
would satisfactorily account for suidx currents 
in them, supposing the indirect action of the 
cores were assumed. If that supposition be re- 
jected, then it seems to me that the whole of 
the bodies present, the magnet, the helix, the 
core, the copper lining, or the air or glass which 
replaces it, must all be in a state of tension^ 
each part acting on every other part, being in 
what I have occasionally elsewhere imagined 
as the electro-tonic state (1729). 

2701. The advance of the copp^ makes the 
lines of magnetic force diverge, or, so to say, 
drives them brfore it (2607). No doubt there is 
reaction upon the advancing copper, and the 
production of currents in it in such a direction 
as makes them competent, if continued, to con- 
tinue the divergence. But it does nc^ seem log^ 
ical to say that the currents which the lines of 
force cause in the copper, are the cause of tKe 
divergence of the Ikura of force. It seems to msi 
rather, that the lines of force are, so to say, 
diverged, or bent outward by the advanc^ 
copper (or by a connected wire moving across 
lines of force in any other form of the experi** 
ments). and that tiie reaction of the Uxm ol 
force upon the foiees in the particles of 
oc^per cause them to be resdved into a 
rent, by which tbt resistance is disdiarg^^i^ 
remov^, and the line of force returns to ijto 
place. 1 attach no oth^ meaning to 

line of tium that which 1 hkve given on n 
former heoedism (2149). ' ’ ^ 

Royai Dec. 14, 18W 
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2702. The long and constant persuasion that 
M. thiia forces of nature are mutually > depend- 
ent, having iMie ccumnon origin, or rather be- 
ing#Bferent manifoatations of one fundamental 
power (2146), has made me often think upon 
the poasibiUty of eataUishing, by experiment, 
n obimexion between gravity and electricity, 
and ao.mtroducmg the forma: into the group, 
iiseehain of which, induding also magnetism, 
4&emical force and heat, binds so many and 
su^ mried exhibitions of force t(^etimr by 
cbmmon relations. Though tiie researches I 
hmse made witii tiiis olqect in view have pro* 
ahmed only negative results, yet I think a short 
statement of the matter, as k has presented it- 
hdf to my nund, and of the result of the experi- 
mienta, whuh offering at first much to encour- 
age, were only reduc^ to tiieir true value by 
most careful searchings after sources of error, 
may be usdul, both as a general statement of 
the problem, and as awakmtihg the minds of 
otihers to its consideration. 

:274^. in searehingforsome principle on which 
aa -eiq)erimental inqmry after tite identifica- 
tion or relation oi tiie two forces could be 
iesmded, it seemed that if such a relation ex- 
ktedi tiiere must be something in gravity which 
sifould eortetgxmd to the dual or antitirdiical 
aahiite of the fonns of force in rieetiicity and 
taagnetisin. To my mind it appeared possiUe 
Ihat^ ceding to the force or the approach of 
, gnivtfating bc^es on tiie one hand, and the ef- 
leottud reverrioB the force or separation of 
illi bodiee the. other, mi^ presoxt (he 
‘pdeots dT'Cmm^adence; qtwecmtce (as tope* 
bring the jMUtial condition. The final un- 
llniingpl^y not seem affected 

iriipria nsran^litiicat; for tiie nc(»nK bocto 
mfamiMJMt wcriMever have tiie same rriaticm 
tsesri fa w ^ iaBtii beattlmlpus 

vitnietlbi4o and ho tfaatany resists rriated to 
rieetririly copld be soqpenked. Surii results, if 

Imi; 

i.e.,'.'ti 'tiiiri'-ttbienBa cfottid-waag* 

SgtogWcri IMl, p. 1 . nw^Ba- 
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gerate the value of tiie relation they wouldes- 
tablish. 

27G4. The thou^t on which the ejperiments 
were founded was, that as two bodies moved 
towards ehdfi other by the force of mvity, 
currentsof riectrioity mi^t be devriopm either 
m them or in the surrounding matter innne di- 
rection; mid that as they were 1^ extn force 
moved from earii other against the po^er of 
gravitation, the opporite currentsniight tie po- 
duced. Also, that these currents would have re- 
lation to the line of approach and recession, 
and not to space generally, so that two bodies 
approaching would have currents in the op- 
posite directimi as to space generally, but the 
same as to the direction of thrir motion along 
the line joining thmu. It will be unnecessary to 
go farther into the suppositions which arose 
concerning these points, or regarding the effect 
of forced moticms either coinciding wHh, or 
across the direction of the earth’s gravitation, 
and many other matters, than to say tibat as 
the effect looked for was exceedin^y small so 
no hope was entertained of any result except 
by meanstif the gravitation of the earth. The 
emth was therefme made to be the one body, 
and the indicating mass of mattm- to be expm- 
mented with the other. > > 

2706. First of all, a body, whirii was to be 
ribwed to fril, was sunounded by ahelix, and 
then its effect in faffing sought for- Now a body 
may either faff witii a hriix or througb ft hriix. 
Covered copper wire, to the amount oi 350 
feet bi lengt]^ was made into a hoUow ^liC' 
drfesl hriix,,aho^.4 inches long, its intonal 
dfemeteFib^ l indh and its extecBSl ^me- 
ter 2 inches. Iti was attached to^affne^mnniDg 

upon an eagjr prifey, so that it dnuklhe raised 

3€ feet, and tifml to feff vrith an ^ 

crierat^ velori^ omtoa very s^curirion, its 
sms roDQisinmg votieal ti» whrie time- Long 
ooveied wime. wetemads iriri 
tnemitieB, naditiiese bring twitted eptiMf each 
other, .were stihrimd.te * 
itiriomdter, i^pedebeit 60 leetiridefienttthe 
bne.ef: fa%'«riA'*4»pjletNriM=iirid«i^^ tie 
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couraer. Th^ftfcim^ at the oonnexion md the 
direction of the set of the needle, were then 
both ^rtaSi^ the int^ of aleeble 
thermo-^^ctrie ccsaxbination into the current. 
Such a faelu^ dither in rising or falling,.cfth pro- 
duce no devktion at the gdvanometer by any 
current <|ae to.the m^etism of the earth; for 
as it rOipains paralldi to itself during the fall, 
so the lines of equal magnetic force, which be- 
ing parallel to the dip^ are intersected by the 
wire convolutions of the descending helix, are 
cut with an equal velocity on both sides of the 
helix, and consequently no effect of magneto- 
electric induction is prefaced. Neither in rising 
nor in falling did this helix present any trace of 
action at the galvanometer; whether the con- 
nection with the galvanometer was continued 
the whole time, or whether it was cut off just 
before the diminution or cessation of motion 
either way, or whether the rising and the fall- 
ing were made to occur isochronously with the 
times of vibration of the galvanometer needle. 
So, though no effect of gravity appeared in the 
helix itsrif, still no source of error appeared to 
arise in this mode of using it. 

2706. A solid cylinder of copper, three-fourths 
of an inch in dimneter,and 7 inches in length, 
was now introduced into the helix and care- 
fully fastened in it, being bound round with a 
doth 80 as not to move, and this compound 
arrangementwasallowed to fall as before (2705). 
It gave very minute but remarkably regular 
indications of a current at the galvanometer; 
and the probability of these being related to 
gravity appeared the greater, when it was found 
that on rsiaing the helix pr core, similar indica- 
tions of contrary currents appeared* It was 
some time before I was able tQrP^fer these cur- 
rents to thdbr true cause, but ^t, last I traced 
them to the action of a part cl tbe cKmaeciting 
wires proceeding from thehdixto tl^e galyanom- 
eter. The two yrfres had been regularly twisted 
togeth^,^fauttheeffectof mai:^ had opened 

a part near the middle distance into, a sort of 
lo^f so that the wh^ instead of bring tightly 
twisted to^h^ like the strandsofa rop^, were 
separate f<n; 3 feeti ae. if the strands were open. 
In more or less^ 

but ah^ in t^;^e4nannen* anitl^ 
quen^ the of it ^ppseei^ting the 

tbe inagDt!^ UDM-of 
h»Telwen 


have beea produeeci; «)[ U wm, ounenta jaiypr- 
posHe directions, but unequal amqjonte^ 
force, tended to he produeed, and a oum^ 
equal to the difference actually appearediiStnb 
a case is described in xsny earliest reeearch^ on 
terrestrial magno-dectro iaduetkm (l?l)..ItiB 
evident that the current should -appear in the 
reverse direction, as dm l^Kt.ai^ raises an 
raised in the air, and,riius arose the reverse ^ 
feet described above. ThwefoiiB no poapive or 
favourable evidoace was supi^ed in hi/raqr ^ 
the original assumption by useo^n eo^fr 
core in the helix. , , , , . . V 

2707. The c(q^ier was sdected as a haats^ 
body and an exodlent conductor of dectriei^. 
On its dismissal, a bismuth fsylinder equal 
dze was employed to replace it as a subdapeo 
eminentiy diamagnetic, and a bad eonduetor 
amongst metals. Uncertain evidence arose; but 
by close attention, first to <me pcant and th^ 
to another, all the indications dtisaq>peared,.4Ui4 
then the rising or falling of the bismuth prpr 
duoed no effect on the galvanometer.. 

2708. An iron cylinder was also emploj^SS 
a magnetic metal, but when made perfe^y se* 
cure, so as to pirevent any nootion idative to 
the helix, it was equally indifferent wi& tiM* 
copper and bismuth (2700, 2707). 

2709. Cylinders of glass and shdlac wqre 

ployed as non-oonducring substances, butwhl^ 
out effect, . , • 

2710. In other experiments die hdix unjis 

fixed, and the different substances in the lorin 
of cylinders, three-fourihs of;an mohin.diaiper 
ter and 24 indies long, were dropped dimu(^ 
it, or dse raised throng it wi^ anacoderale^ 
vdodty; but in.ndth^ .case was.Uhy 
prQduf!e4..Bods of copper, bismuth, . 

lac and su^bur were emi^Qy^ Qecewoiqiliy , 
these rods wem macte to rot^ ra^ly beic^ 
and during thdr £a^ a^ meiqy o^er et^ji^ 
timn wpre devweamMcairr^ into effset^. 
always widr i^KBi^,xeBu]itB, wh^ sou^j^-. 
error wero pyoided jW apopunted for. ..' i , 

2711. On.further eqiunderation of tbeorqpi^ 
assumption,, imiady a rdation between,, 
forces, an4 of thq efihets that might be locd^ 
|or ooosequeot upon a condition of tenekm-'lli 

and aiwutd the paitic^ of the body, whik^M 

we Imour, sue at the saiqe moment the nriidMief 
of both jgra^aiing sod dectrio forces, aajidj^e 
Bubjeetto t^is.gravitetfonof theeac^.iteeaeiM(l 
prdukbfothat dm stopiuni; id the uitqM 
motion (^(>3^.2704) m the lincp{ ^ p ri ie% *?wdd 
ptodueaeoabnuiy effects, to the.eainpS;ep pf 




^ ixurtimi lilid 

6to^p!^ waa audd^ or 
graduial; alao that a Biotion 
do«mwaid quicker than that 
wbhk gravity could communi- 
cat^vrottld^vemoreeffectthan 
the gravity result by itself, and 
^t a corresponding increase 
in the velocity upwards would 
ba proportionally effectual* In 
BUf^case a machine which could 
give a rapid alternating up and 
down motion, might be very 
useful in producing many mi- 
nute units of inductive action 
in a small space and moderate 
time; for then, by proper com- 
mutators, the accelerated and 
nStafded parts of each half-vi- 
bration could be separated and 
recombined into one consistent 



current, and this current could be sent through 
the galvanometer during the time its needle 
was swinjging in one direction, and afterwards 
reversed for the time of a swing in the other 
direction; and so on alternately until the effect 
bad become sensible, if any were produced by 
the assumed cause. 

2712. The machine which I had made for 
tiffs purpose is that described in the last series 
of these Researclus (2643), the electro-magnet, 
the experimental core and the rod which car- 
ried them being removed: a, 6, e frame-board; 
4^jd wooden lever, of which e is the axis; / the 
craiff^-whed, and g the great wheel with its 
handle h; i the ^r connecting the crank-wheel 
and lever; q the galvanometer ; r the commuta- 
tor; Wf connecting wires; «, 8 springs of brass or 
obpper; t a copper rod connecting the two arms 
the lever to give strength; u the hollow helix 
Skedi or moveable at pleasure. The plan is to a 
ieale of one-fifteenth. Bring on a moveable 
frame, it could be placed in any position. The 
of metal or other subs^ce to be sub- 
mitted to its acrion, was inches long md 
ttM^fouriihs of m mrii in diameter, and was 
held between the ends d. d of the lever 
The extent of fhe ritemating motion was 
9 A holldw pjdiiidricri hriix it, 2K Ifi* 
ribes jm len{^ and of riirii intemaf diameter 
lhat 3m ^(yfindehi cmnplete their rapid 

its wims 

Sl^' feet cd covered copper wire; 
iiypj^lUiw^eoiild be rilher fixed immoveslffy 
ior mafind fir&dy to (he cylinder under ex* 


periment so as to move with it. The wires from 
this helix passed to the commutators and from 
them to the galvanometer. Part of the momen- 
tum of this machine was taken up by springs «, 
8 (2648), and converted into the contrary mo- 
tion; but so much remained undisposed of thus, 
that great care was required in fixing and strut- 
ting to render the action of the whole very 
steady, or else derangement quickly occurred 
at the cylinder and helix, and electro-currents 
were frequently produced. 

2713. The employment of cylinders of iron, 
copper and other substances in this machine 
was competent to produce electro-currents in 
various ways. Thus, iron might produce mag- 
neto-riectric currents consequent upon its polar 
condition under the influence of the earth; 
these it would be easy to detect and separate 
by the use of adjusted magnets, which should 
neutralise or reverse the lines of magnetic force 
passing through the iron. Currents like those 
induct in copper cylinders and good conduc- 
tors (2663, 2^),-might be produced by the 
earth’s actiqn; but as the lines of graviteting 
force and of terrestrial magnetic force arc in- 
clined to each other, these might be separftte<^ 
by position; and it appeared that thert was no 
i^uroe of errdr thht might not By care beriito- 
fauited. I wffl not occupy ihne by de8<aflbiDg 
bow this long ^son of carO was lerinSd, btit 
pass at race to tiie chief results. 

2714. llie copper i^ltnder (27^ 

in the rad the hriix iSbeed 

ably around it, the whole being in mirit a 
tion that tbs cjdiiider dmuld be verticri, and 





jnov^ 4mn f^a9!id to Ibd line of 

graviti^ing fofQe witbin tiie helix. However 
rapidly thO: maetuae wae worked, or whatever 
tiie poeitk^. of the commutator, there was 
no reeolt at the galvanometer. Cylimlers of 
bismuth, glass, sulphur, guttapercbai &c., were 
also emplo 3 fed, but with the same negative 
con<dusioii« 

2716. Then the helix was taken from its fixed 
support and fastened on to the copper cylinder 
so as to move with it, and now very regular 
and comparatively large effects were produced. 
After a while, however, these were traced to 
causes other than gravity, and of the following 
kind. The helix was fixed at one end of a lever, 
at a point 22 inches from its axis, and being 2 
inches in diameter its wires on one side were 
only 21 inches, and on the other side 23 inches 
from this axis. Hence, in vibrating these parts 
travelled with velocities and through spaces 
which are as 21 : 23. When therefore their paths 
were across the lines of magnetic force of the 
earth, electro-currents tended to form in these 
different parts proportionate in amount or 
strength to these numbers; and the differences 
of th^ currents being continually gathered up 
by the commutators, were made sensible at the 
galvanometer. This was rendered manifest by 
placing the machine so that though the plane 
of vibration was still vertical the place of the 
helix was just under the centre of motion, and 
the central line of the helix therefore, instead 


of being veHicai;l,<w^^ 

volutions of the hc^ cfut ^ hues of magn^ 
force in the most fevoucaiUe manner; 0x4 tbft 
consequence was that ^tbe commutators were 
not r^uired, for a single moticm of thehefixfn 
one dii^ction was sufi^ent to show at the gat 
vanomet^ the magneto-electric currents inr 
duced. If, on the contrary, the plane of motitm 
was made horizontal, then no current was pro- 
duced by any amount of motion; for thouj^ 
the helix was as horizontal as, and not sensiMy 
more so than before, yet the parts of the oonr 
volutions which intersected the magnetic linss 
of force (being the upper and the lower parts) 
now moved with exactly equal velocity, and 
no differential result was produced. 

2716. The former small result (2716) was 
therefore probably dependent upon an effect 
of this kind; and this was confirmed by placing 
the machine in such a position that the axis of 
the moving copper cylinder and helix should in 
its medium position be parallel to the line of 
the dip, and then no effect was produced. Other 
bodies in the same position were equally un- 
able to produce any effect. 

2717. Here end my trials for the present. The 
results are negative. They do not shake my 
strong feeling of the existence of a relation b^ 
tween gravity and electricity, though they give 
no proof that such a relation exists. 

Royal InstUvlion^ July 19, 1860 
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f i. NairiexpwMim of Gamtu BwAet by 

MagntU^yfer^,, . 

2718. Taimii cun be no doubt that the ma^ 
netio £ei!oe» ttkediamagnetao force, and the mag> 
magnerasretalUe {(nse, vill| vben 
landefotood, be fouitd to unite or 
^tnntiler oqe form ci power, tmd be essmi- 
eimie. Beams the great mterestiwbk^ 
m t^j^mfopment ol ai^ one ol 
wodee of action; for differingso greatly u tiiey 

Iged, p. 7. 


do in very peddfor pointB, it is hardly poaefoie 
titat any one of them tiumld be advane^iaifo 
Ulustistion at. ecanprehention, without a epi. 
responding, advance b the knoadedge of ibe 
otirera. Stiimilated by such a fetiing, i bain 
been orgaged with Fbtirer, Weber, and 
otbme, inendeavDuring to loake out, with aoiM 
degree ei ptetiuon, tiie mode of action of ^a> 
DMgMtiB'jM. weU m maepteoryi^dlie boebw; 
and the recent mvestigation 4^ 

mdeavour to c<mfinn the idea in 




pniiiiit ua ottiBHHEiiiia imiieB) tiie rovme 
td ttiat in ft magnet or in irftn bodies, was one 
of the results of that conviction and desire. 

' 12710. Having failed however to establish the 
eaMenice of such an antipolarity, and having 
rinm, as I think, that the phenomena which 
ivere supposed to be due to it are m fact de^ 
tiendmit upon other conditions and causes, X 
was induct, in the search after something pre- 
cise as to the nature of diamagnetic bodies, to 
examine another idea which had arisen in con- 
sequence of the development of magnetic and 
diinnagnetie phenomena amongst gaseous sub- 
stances: this thought, with some of the results 
trfaich have grown out of it during its experi- 
mental examination, I purpose making the sub- 
ject of the present paper. 

2720. Bancalari tot showed that flame was 


''’STamagnetio.^ The effect, as I proved, was due 
dbieffy to the heated state of gaseous portions 
of to flame;* but besides that, it appeared that 
at common tomperatures diamagnetic phenom- 
ena could be exhibited by gases; and also that 
in them production to gases diff ered very much 
one from another;* so that, taking common air, 
for instance, as a standard, nitrogen, and many 
other gases, were strongly diamagnetic in re- 
lation to it, whilst oxygen took on the appear- 
ance of a magnetic body; for they were refilled 
from, while it was attracted to, the place of 
maximum force in the magnetic field. 

2721. Recalling the general law given re- 
specting the action of magnetic and diamag- 
netic bodies (2267, 2418), namely, that the for- 
mer tended to go from we^er to stronger idaces, 
and the latter from stronjp^er to weaker places 
of magnetic power, and applying it to such 
bodies as the gases, which are at the same time 
bo& hi^y elastic and easily changed in bulk 
fay to mperaddition of very snmil degrees of 
force, it would seem to follow, that if to par- 
ticles of a diamagnetic gas tended to go from 
Stroiig to weak places of action, in consequence 
cl the durect and immediate effect of to mag- 
netic power on them, then such a gas should 
tfttti} to bftmne enlarged at expanded in the 
inagpcuatie field. For, to amount of power by 
to paitides would tend to recede from 
to to of the magnetic fitid, would be added 
to toex|Mintive force by which toy before re- 
lasted to pressure of to atinosj^ere; tot 
pnNMnue would therefore be in part sustained 
Iqr to new force, and espansion would of ne- 



cessity be to reMltc On to oto hsndl^ If a 
gas were magnetic (as for insiahoa oxygen)^ 
then the force cast upon to partideft, l^euch 
a direct and immediate action of to inagnetic 
power upon them, would Urge them fowortb 
the axis of the magnetic field, and so coinciding 
with, and being superadded to to pressure of 
the atmosphere, would tend to cause contrac- 
tion and diminution of bulk. 

2722. If such supposititious eases were to 
prove true, we should then be ftble to arrive at 
the knowledge of the real zero-point (2416, 
2432, 2440),* not amongst gases only, but 
amongst #U bodies, and should be abfo to tell 
whether such a gas as oxygen were a imgnetic 
or a diamagnetic body, and also able to range 
individual gases and other substancesm their 
proper places. And though I had ongku^y en- 
deavoured to ascertain Aether there ms an}’ 
change in the bulk of air in the magnetic field, 
and found none, still Packer’s Statement that 
he had obtained such an effect,* and the great 
enlargement of knowledge respecting the gaseR 
which since then we have acquired relating to 
their diamagnetic relations, and especially of 
the great difference which exists between them, 
encouraged me to proceed. 

2723. Ifirst endeavoured todetermine wheth- 
er there was any affection of the layer of air (or 
other gas) immediately in contact with the 
magnetic pole, which, either by the consequent 
expansion or contraction of that lajrer, could 
render it able to affect the course of a ray of 
light and thus make manifest the changes oc- 
curring within. A metal screen, with a pin-hole 
in it, was set up before the flame of a bright 
lamp in a dark room, and thus an artificial stai 
or small definite luminous object was formed. 
Forty-six feet from it was placed to g^i 
horseshoe ma^et (2247), ready to be excited 
by twenty pairs of Grove's pjates; to poles 
were in a line, so that the ray from the lamp 
passed for 4 inches dose to the surface of the 
first pole, then through 6 inches of air, and then, 
for 4 inches, etose to the surface of to second 
pole. A very fine refracting telescope, belong- 
ing to ffir James South, having an aperinre of 
S inches and 46 iaebes feed length, reotived 
to ray. The ttiescope wss flutohed with a 
perfect micromto, so that tbesmallto changd 
m to place of to kunia(njs image 

served on the threads. The aids of to telescope 
was just above to levelof tomagafttis poles. 





Not 

or place of the hmdbDoue image looidd he d>- 
Bervedy either on the rnalmg or the breakmg 
of Ihe contact between the voltaio battery and 
the magnetic wire. 

2724. As the chief part of the light which 
came to the tdescope consisted of rays which 
passed at some distance above the magnetic 
poles, these were cut off by a screen, whi^ ris- 
ing only one-eighth of an inch above the level 
of the poles, allowed no ray to pass that was 
not within that distance. Ihe intensity of the 
light was of course diminished, and the image 
was distorted by inflection; still its place was 
well marked by the micrometer. Not the slight- 
est change in that or any other character oc- 
curred in the supervention or the withdrawal 
of the magnetic force. 

2725. Ibe terminals of the magnetic poles 
were then varied, so that the ray sometimes 
passed parallel and close to a long right-angled 
edge, or parallel to and between two right- 
angled edges, a little above or below them, or 
over the Une joining two hemispherical poles, 
placed close together (and also in many other 
ways), but in no case did the magnetic action 
prepuce any effect upon the course of the ray. 

2726. In another form of the experiment the 
telescope was dismissed, and a simple card, with 
apin-hole }toth or Hooth of an inch in diameter, 
employed in its place. The image of the star of 
light could be seen through the pin-hole in the 
dark room, and yet every ray tending to its 
formation passed within Hoth of an inch of the 
surface of the magnetic pole; still no effect due 
to the magnetic force could be observed. 

— —3 — — . - _ : A ^ 

terminationB, analogous to one I had fonnerl^ 
anplo 3 red whoa expwimenting on the diamag- 
netic rdations of tiie gases,^ I vas able to sur- 
r^d them with ot^er geseooB substances than 
air, and subjeet the ray for 2 bches of its course 
to these whilst under the influence of the 

magnet, ^ough the i^ass of the encloeing ves- 
ael disturbed image df the object, i.e. tiie 
point of iii^t, yet it was easy to percti've that 
no addithnial effect ooenrred when the mi«- 
Kotism wu saperhidaoed. 

2728. Oxygen, nitrogen, hsnlrDgen end coal- 
Sas wwe thus ^{dey^; but whether any one 
of these, or whether air iteetf was safamitted to 
^andnatleaii when hi oonteot with the active 
P<>ie (rf a vtty powMhil magnet, it did aut op* 
to ha idthar eoqiaiided or oondeiwed to 
W7. toL xm vp. 


anchwdegiee ah to eaw aaq^ aemlUa dmagn 
in its remintive fitsita. 

2722. In order to oompoM the expected r»> 
suit with the teal renH due to ehaage of vo|r 
ume, 1 took a bar of iron 7 uuhea long, and' 
plao^ it so that tiie ray htnn the luminous ^ 
jeot in paaaing to the ^ tiiould proceed by tiM 
side of the barat notmore than Jtsth of an inch 
from it, and then raised the temperature of tte 
bar gr^ually, until by axpatufliig the air in 
contact with it, the oourse of the ray li^ 
was sensibly affected; to ck) tins it required to 
be exedted many degrees. When the air of the 
place was at 60* ai^ the iron raised to 100^ 
Fahr., the effect was not distinct. Hence it 
seem^, that observation of the expected change 
of volume of the air would be nmdered far 
more sensible by some arrangement, meeauritig 
that change directly, than by such means as 
those referred to atove, dependent cm re&ao« 
tive force; for it is certain that the change of 
volume, in a very small quantity of air, raised 
from 60* to 100^,wcmld be vetyevidmit by the 
former method. On the other hand, it was just 
posnble that if the air or gas was affected hy 
the magnet, it mi^t only be in that film ini' 
mediat^ contiguous to the pole; and also that 
grrat differences in the degree of change might 
exist along the edge of a solid angle, and along 
the sides of the planes forming that ang^ 
Hence the assumed necessity for examining 
those parts by a ray of li^t; and every pro* 
caution was taken, by inclining the course of 
the ray a little mote or less to the sides or edges 
of the poles, and by making the sides or edj^ 
very sligh^y convex, to include every varaa* 

finn nf thft ffinf wittlif Ki&tltt tm ivtihW 

any magnetic or diamagnetic effect, whetiier 
special or local, or general, manifest; but with* 
out effect. ' 

2730. I proceeded, as these attenqits had 
failed, to endeavour to determine and oonyian 
the volume of air subjected to the mag^w& 
force, before and aftor its subjection; and tiuro 
seemed to be the greater hope of obtaiihlC 
some resulta k this way, provided any siwh 
change was a oonieqoenee of the action erf mag^ 
netic poww, beiwuse air and gases, at a ckms^ 
erake distanee from tile surface of tih tirf# 
net, kiujwh to be strong^ affeetad dim# 
netieaUy, and beesause PUlKher had alraaito^am 
he had obtalaad such tibauge of whisM (S728>. 

27ai.1%efiiatiiwtitimeditic9c»atimi(0^^^ 
purpasa was (rf tile fcdlowiag kkd. IHra thi^ 
of sdft frch, aadh 1 huh tidek and 2 imitaif 




squtiwe, UKfing filed and flattened eurfeees, 
were prepi^ed; and also a dieetof copper, ^tthi 
^ an tiuokoen and 3 indies edotiae, 

hkidns its middle part cut away to within 0.3 
^ an inch of the edge all round. Tide plate or 
fiidine was then jdaced between the iron blocks, 
and tibe whole held together very t^tly by 
copper screws, so as to make an air-chamber 
of an inch wide and ,2.4 inches square, 
having the faces of the blocks, which were to 
become the magnetic poles, for its sides. Three 
apertura and corresponding passages gave ac- 
cess to the interior of this chamber; small stop- 
cocks were attached to each. By two of these, 
any gas, aft^ it had been properly dried, could 
be sent into the chamber, or swept out of it, by 
afla^ other entering gas; and to the third was 
attached a gauge (2732) for the purpose of in- 
meathig and measuring any change of volume 
which might occur. The edges of the central 
copper plate and the heads of the countersunk 
screws, were touched with white hard varnish, 
and the chamber thus rendered perfectly tight, 
und^ every condition to which it had to be 
subjected (Fig. 1). 



.2732. The gauges were formed of small oap- 
iUaiy tubes from 1.5 to 3 inches in length, the 
diameter in the middle of their length being 
less than onc*half of that at either termination. 
These were fixed at one end into a small socket, 
which screwed on to the third, or gauge-cock 



Fig. 2 


la^cntioned above (2731). A minute portion of 
edioured by cochineal, being put into 
ekemal end oi thU gauge, from a slip of 


and cpebinit tha gemige-cool^ the gauge, was 
then mady to ibow any change of yohune 
which the supemntion of the m^etic fe^ce 
cause; but to give it the hipest degree 
of sensibility, it was necessary previously to 
make the liquid cylinder travd right and left 
of its place of rest, that the ^tute might be 
moistened on each side of the indicating fluid; 
an effect easily obtained by inclining the cham- 
ber to and fro, the gravity of the fluid making 
it pass one way or the other. But this and many 
other necessary precautionsas to position, tem- 
perature, &e., can only be learned from expo^ 
rience. • / 

2733. When this box was in its.place,(it stood 
between the poles of the great electro-magnet, 
With the plane of the gas-chamber in tnb equa^ 
torial position; then square blocks of soft iron, 
resting on the magnet poles, were made w abut 
and bear against the sides of the box, sV that 
in fact the inner faces of the air-chamber were 
the virtual magnetic poles, and being 3 inches 
square were only ^oth of an inch apart. Hence, 
whatever air or gas was within the chamber, 
would be subjected to a very powerful mag- 
netic action, and could have very small changes 
in its bulk measured; but it is perhaps neces- 
sary to observe that it would be contained in a 
field having everywhere lines of equal mag- 
netic power (2453, 2465). 

2734. Air was introduced into the box, and 
when all was properly arranged, the place of 
the indicating fluid was observed by a micro- 
scope. Then the magnet was rendered power- 
fully active, and there appeared a very slight 
motion of the fluid, as if the air were a little 
panded; on taking of the magnetic force the 
fluid returned to its first place. The same efleet 
recurred again and again. The amount of this 
change was very small, and there was reason to 
refer it to the pressure exercised by the mag- 
net, when in action, upon the sides of riie iron 
box; for afterwards, when the box was placed 
in a vice and squeezed, the same motion in the 
fluid occurred; and further, when the square 
blocks of soft iron (2733) were k^t apart by 
an undm* block of wood, so as not^bsoluti# to 
touch and press the box, the effect was redvL<3^ 


wopd or glass, immediately advanced to tiae 
im^eor narroii^pa^ forming, as it always 
idmuM do^ as^^ tiortion of . fluids By ahuttmg 
jlfbfifiqek, thisliitteeyfiiideroauld beeasUyjra-r 
Iplaed in its place w 

::i{ with gasi and ^ adjiwt- 

preseu^ ta equity with that of 
'Qa oth0r 'QQcItt 


to Clothing. < . ' ' j 

2739. 03(ygm» mtrogen, earboaid 
BHrom. gaoei^ were then iotrodnoed 
eearivdy into iroo bo^ aiMi 
the amne nesult ee with air. H() differenoe.tip^ 
peared betwoen oKy^ ond tho' other iCWM* 






gaii;were al9q -exj^eimeiit^ imt 

wl^n tbese jaM ware in ihm waK a 
grpd^al reoeBsipa of indicating fluids duo, 
flS I f pimd| to the absorption of the gases, prob- 
ably oither by the yaiuish or cement or cork 
nsed at the gauge, or at the joints of the box. 
'ibie ddiicacy of the gauge was thus made man- 
ifest; but when the effect was taken into ac- 
count, it was found that these gases were equal- 
ly unvested in bulk as the other gases by the 
magnetic influence. 

2736. The diameter of the gauge, at the place 
where tbe fluid was placed, was rather less 
than Kooth of an inch. An amount of motion 
equal to Hooth of an inch was easily discerned. 
Comparing these numbers with the capacity of 
the gas-chamber, it would appear that if the 
gas in the latter had expanded or contracted to 
the extent of Moo.oooth part, the result would 
have been visible; or any difference approach- 
ing to this amount, between oxygen and nitro- 
gen or the other gases, would have become sensi- 
ble, hut no such effects or differences appeared, 

2737. As the establishment of either the oc- 
currence or the absence of change of volume in 
gases, when under the magnetic influence, ap- 
peared to me to be . of great and almost equal 
importance, I was led to consider whether, in 
the experiment just described, the circumstance 
of the gases having been subjected to the mag- 
netic power in a field of equal force (2733) 
might not have interfered with the production 
of the effect sought for; for such a field is that 
where the diamagnetic phenomena, of solid 
and liquid bodies, occur in the most unfavour- 
able manner, and where indeed they almost 
entirely disappear. I therefore constructed an- 


^dui;unutiim:Q{itsleng&,lro 
of (S7M)i AM that the dista^j^gnet^ 

phenomena would be abundantly produi^li 
the parts from whence the iron been xe- 
moved. The latter was found to be the fact, to 
flame, smoke, bismuth and other dianmgnet^ 
matter, when piaeed there, passed equatorially 
very freely. 

2739. A copper tube, 2.5 inches long, miuie 
of metal 0.1 of an inch thick, Was fitted to the 
iron, BO that when in Its place it should occupy 
the position represented (Fig, S), ami could 
easily be made perfectly gas-ti^t by a iittie 
soft cement. In this way it formed an aimnlii r 
air-chamber round the iron, which, when meas- 
ured, was found to have a capacity of rather 
more than 2 cubic inches, and included the 
most mtense part of the magnetic field. Three 
stopcocks were fitted into this copper jadmt, 
by two of which gas was passed into and out of 
the chamber, and the third was appropriated 
to the pressure-gauge as before. Whilst nalmd, 
this apparatus could not be used, because of its 
ever-varying temperature, and the consequent 
disturbance and ejectment of the fluid in the 
gauge; but when clothed in three thicknesses 
of flannel its temperature was perfectly steady; 
and by the further useof wooden keys to turn the 
cocks the apparatus became unexceptionable. 

2740. Before proceeding to employ this ap* 
pamtus with different gases, and in order to 
obtain some idea of what might be ^sqpected by 
comparing one gas with another, I made a pre- 
liminary experiment, dependent on the relative 
specific cavities of air and hydrogen, of the 
followii^ nature. It is easy to diffuse a trace of 
ammonia through the air of a jar, by putting ^ 


other apparatus so that this condition was re- 
moved, and in which, if the particles of the dia- 
magnetic gas, by any unknown disposition of 
the powersm action, tended only to pw from 
strong to weaker places of force, and bemg thus 
incapable of enlargement in the axial direction, 
would only show that effect equatorhdly, the 
opportunity to tbmr doing so should be pres* 
ent- , 

2733. A cylinder of soft 

iron had the central parts 

removed in a lathe, until it 

hadassumed^tbeformofan 

boUr-gUss^. or that repre- 

.aented in Fv. a,iwbich is to 

a scale of onerthird* When 
• « 



Fig. 3 ’^ 


little paper wetted with a strong solution into 
it;^ and it is equally easy to send a jet of hydro 
gen, containing the smallest portion of muri^> 
atic add gas, a horizontal tube into the am^ 

nmniated air. "^en this is done, the ecmrse 6t 
the light hydroi^n in the heavy air is rendered 
very distinctly visible;, and it is 3een> on teao 
ing the boxizcmtal tube, to turn at once 
wards and to ascend rapidly, becoming wire- 
drawn in its course, in consequence of its smalt 
spedfic gravity compared to air. . I' ; > 
2741. Two ^mii^herical iron pde leisabm 
tions, associated with the gieat magneki 
then piaeed in contact with each oth^^soft^ ; 
they mii^t be surrounded dthertby aif 
gea,* and the jet of hydrogen, deliveeiag 
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9 jsttlite indM per 
ttuClrlMiMnitti the aiaal liii^ 

'the ittapMitio field. When thm wee no tnag* 
aetie eoqitoyed tiie hydrogen toee matt- 
eefly» breaking against the pdnts where the 
hanawgiheiical poles touched; hut when tiie 
aagnetie power was on, tiie stream of hydro- 
gen divid^ into two parts, moving right and 
left, and ascended in two skeams at a distance 
ham tiie pomt of contact. Now this divinon 
lode {dace at a certain distance bdow the udal 
line; and at that point, notwitiistandii^ tite 
eaeensive power of hydrogmi in air or 0 X 3 rgen, 
it was emistrained to go horisontally by tiie 
an^aiently repulsive power of the magnetic 
idroe, and did not in its further eourse approadi 
nearer to the axial line, but formed a curve 
emwentric with it, or nearly so, so that the 
eompound streams of gas assum^ exactly tiie 
ahi^ of a tuning-fork. 

2742. When air occupied the magnetic field, 
tbo dviedon of tiie stream of hydrogen was 0.8 
<ar 0.32 of an inch below the axial line. When 
oxygm was about the poles, then the diviaon 
of the hydrogen took {dace as far off as 0.55 of 
an inch below the axial line. Hence at these dis- 
taaoee the power idiich tmided to make the 
hydrogen pass from the axial line, equatoriaily 
in the direction of the radius, was equal to the 
difference of the specific gravity of hydrogen 
wompBied with that of air and o^qrgen respeo- 
tlvdy. At lesser distances the power would be 
much greater; and indeed, if in any experiment 
tiie hydrogen was deliver^ nearer to the axial 
line, it was blown downwards and away with 
mu^ farce. Calculating with these dat^ and 
etyi assuming that the diamagnetic gases re- 
neded from tie axial line, in consequence of the 
diiMtaetionofthemagnetandthatonly,oau8- 
ieg them to pass from stronger to weaker {daces 
of aetictt, I found, as I tiiought, reason to be- 
Bewfliait the more diamagnetic gases, oectqqr- 
big the apaoe within the copper box (2739), 
mii^ px^nddy be expanded at ieaS(ri4o,eMdh 
pait of their volume by tiie magnetic force. 
Now the gauges that 1 employed were seudble 
tHMo the firm in them moved the Hoath ot an 


psfrsbfOi^bfdeitekintidSiaippiti^ 

The fiuid moved ibry W ff 

a Httle expuuuOB oecanr^ eo' putting' dtt’tln 
magnetic foree, and retUnted' Wfaha! ^ ’Ihme 
•Wm taken (df. ']^ amafi effedt wai Idtiild afi^ 
wards to be due to conqireBBioa, eoeasUsfod by 
tiie toideney of the maipietie' pidee to 
uaate(2734). 

2744. Oxygen presented eactiy the name ap. 
pearanoes as common air and to the- seme 
amount, so that no effect, due to mtgnetio er 
diamagnetic action, was hmn evident, butdnly 
that of the conpressimi observed m .tiwea86<d 
air (27«). 

2745. Ntbmgen gave emotiy the aamehusulte 
as oxy^ and air. Now nitrogen is pr^ldy 
more diamagnetic than hydrogen, and timid 
tiierefore have given a striking contrast with 
oxygen, if any positive results were to os ob- 
tained. 

2746. Carbonic add and nikous oxide ^nscs 
yielded the same negative results, and, as I be- 
Ueve, when tiie apparatus was in an unexcep- 
tionable condition. 

2747. There is at the Pharmaceutical Society 
ui excetient electro-magnet, of the horseshoe 
form, similar in arrangement to our own (2247), 
but far more powerful, and this tiirou^'Mr. 
Redwood I was fa'voured -with the use of, for 
the repetition of the foregoing experiments at 
tiie house of the Society. The iron, which is 
very soft and good in quality, is a square bar, 5 
inches in thicbeas, and tiie medium Une is 50 
inches in length. It has 1500 feet of copper 
wbe, 0.175 of an inch in thickness, oc^ed round 
it and arranged (edien I used it) m one contin- 
uous lengtii. The moveaMe twminal {ueces for 
tiie pdes we massive in proportion to the mag- 
net. Eighty pain of Grove’s {dates wm« us^ 
to exdte 1m magnet and as H was found, by 
preUminsry kids, that tiiese wetemost powe^ 
fill when arranged as four twenties, with tiidr 
nmfiar ends connected, thqy were so used, con- 
ditub^ a faattny^if twenty pain of plates, in 
which «uih piatimnn {date was 4x9 ktehss in 

the immersed part, and therefore presented 72 

square bi^ee of siarfaee towanb tim fdive 


fakfii (2736), ysttiiet space is <Bily the H,«oo,weth 
Mrtaf the rMpacffyni tfaedum:^, and there- 
ine iUiidi an etipiBMfert as that above woitid 
hnve snade it move thioui^ 0.4 of an inch; a 
; lEQaatity abondsa^ enSdsot to raider tiie 
A yi k iH aenattto If tirn fun damen t a l sesamptioa 


. 4k tiwi, first gtilipffilted to the, power 
yedhoMewoemspdtk urged by t«re^ 


dno.’ 

2748. On tepeatbg 1h» fannsw eipdbasa^ 
02743) tiiwelM^d^pieeeure ww sgdaeefia^ 
sad it vnb nuutifest tlMt the kbf# 

tiUR^'fibiiiitoS’blf^tiaieM, waspi^tiebw 
by tte mutual etkaetion of its pdes. the ef* 

f^ wsa veiy smalll,bBeaaaB cf tto-mtitrof the 

inn ompsssbgtiirav^tiieeaitiieofiteefr- 
yeisBeaMg8Mihaabtt>(2l!88).ltti|d|te^ 


1 W 


m ^ rnmfrmm mi: 


ftNf liH tiM wd when 

n^flde foi^H, noihihg remained to indicate any 
change in volume of the gas itself. 

2740. cxugmf idtrogm, carbonic ocAf and 
nitrous oeidEe were submitted, in varying order, 
to the effect of this very powerful magnet, but 
not the slightest trace of d^ange of bi^ in any 
of them appeared. 

2760* I think that the experiments are in 
every respect sufficient to decide that these 
gases, wh^er they are considered as magnetic 
or diamagnetic boffies, or whether they include 
bodies of both classes (for oxygen is in striking 
contrast to the rest), are xmt affected in vol- 
ume by the magnetic force, whether in fields of 
equal power (2737), or in places where the pow- 
er is rapdly diminishingi 1 think this decision 
very important in relation to the true nature 
of ^ magnetic force, either as existing in, or 
acting upon the particles of bodies; and as in 
the magnetic field the force exhibits itself, not 
as a central but as an axial power, so tixe fur- 
ther distinction of the phenomena, into such 
as are related to the axial direction (2733), and 
such as are related to or include the equatorial 
direction (2737), is not unimportant, for they 
show that the particles do not tend to separate 
either parallel to the lines of magnetic power, 
or in a direction perpendicular to these lines. 
Without the experiments, the mmd might have 
considered it very possible that one of these 
modes of expanrion might have occurred and 
not the other. 

2761. Nodoubtitistruethatevenyet changes 
in volume in these directioas may occur, pro- 
vided the change in one direction is expansion 
and in the other contraction, and that these 
are in amount equal to each other. It was part- 
ly m reference to such possible changes (which 
may be considered as molecular), t^t the ex- 
periments with the ray of light were made 
(2723, 2729), and also &at in these and other 
ex^riments instituted for the purpoM, a po- 
larised my was employed as the examiner; but 
the results were always negative, when by rep- 
etition and care sources of error were removed, 

2752. The great differences in the degree of 
diamagnetie susceptibility and condition which 
^ gases employed in the foregoii^ experir 
^Ettents possess or can assume,^ ere such as to 
ttiake one mady to suppose, ttot if they ehotr 
^0 tendaney in any case to dmnge in volume 
under toe aetom of the maguut, so nmtoer 
otoes gas or vapQ^ (to 
aU toe todtvMuate 


oexicia 'R’ith tidia 

haire fonaer (MMadiotM, «ad tzicnti 
de&voiuttd to iHMmtaiat by tha use of 
ksate sppuatus and powerful deotro-nutgtiatli 
whether any change was laoduced in the 
of such flmds aa watar» alocdiol and ao^ 
tion of aulphate of iron, but eould obaorve nd 
^eet of the kind, and 1 donot bdieveinitaex* 
iatenoe. Still more recently, and in raferanee to 
the claaa of adid bodiea, I ^ve aubtnitted inm 
aa a magnetic metal, and biamuth aa a diamag* 
netic b^y, to the same examination; tihe 
ids were employed both in the state of aolid 
cylinders mid of filinga or fragments. The oy 4 » 
indera were put into glaaa tubw and the parti* 
clea into glass bottles; gauges, like those da* 
scribed (2732), were applied to them, and tibat 
part of the oontmning vessti which was not 
filled with metal, was occuined, in one set of 
experiments, by sir, and in another by hloohd, 
yet in no ease could the least change in the vol- 
ume of the iron or bismutii be obwrvad, how- 
ever powerful the magnetic force to which ^17 
were submitted. 

2753. One otiior result of a repulave force 
seemed possible even in oases when, aeoordfrig 
to a former suppontion (2751), the tendeoegr 
to expand equatorisUy mi|^t be compensaitad 
by an equal amount of tendency to emitraot fo 
the axial direction, nsmrfy, that of the prodoo* 
tion of currents outwarcb or equatotiaUy, Let 
in lines perpendicular to the magnetic anC^ 
where points poles or the hour-glm core, al- 
ready described, were used, and of otiber cur* 
rents setting in towards tint tine along the in- 
clined surfaces of the polar terminatimu; in 
some degree like those occurring so powerfi:^, 
and traced so readily when flame or hot air is 
observed m mr, or when a stream of one gas Is 
observed in anotiter gas.* 

2754. 'Wlum howevm' the gas occupying tiie 
whde of tiie magnetic field was uniform in an* 
ture and alike in temperature, not the sUg^tsak 
trace of sueii currente as tibese could ob*‘ 
served. It is not easy to devise unmEoq[>tioaallil 
tests of such motions, because vitiUe bodkii 
introduced into surfi a magnetic field to itfk 
the movsineats (rf tiw wur there are thenstilNs 
diamagnetie; and if tii^ form a tittie'MMti 
tiood, are moved togetto and awey w • 
msgiwtie body would be; Imt when tim wMb 
field was o(M»iiiied i»«tty equatiyby v^ 




PASiUaAT; 


SebhbbXXV 


particl98:o{ iltistear 8^ thi^ miEi|S- 

tiet jb powerful atitiou^ so rngns of ^urmits in 
<2 i 6 air wet*evirfble« Further, wbenafaintstream 
4f 'dSkm ^oc3A smoke from a taper spark^ was 
allowed to fall or rise a little .on one side of the 
axial Ime, it was determined outwards and 
eq^uatonally ; but though it went outwards with 
lim most force when equidistant from the two 
oonical poles, or their representative parts in 
the double iron core (2738), still when it was 
made to pass near to one side, it continued to 
go outwards and equatoiially, even when, from 
its close vicinity to the iron surface, it had as it 
Were to move over it; showing that the tend- 
ency of the smoke was outwards in every port 
of magnetic field occupied by air or gas, 
and that therefore its motion was due to the 
aetion of the magnet on it as a diamagnetic, 
not to currents of the air, which, if exist- 
ing, would be inwards in one place or direction, 
and outwards in another. 

2755. When magnetic or diamagnetic fluids 
were subject to the magnetic force upon a plate 
of miea over the poles, according to the ingeni- 
ous arrangement of Pliicker, they quickly asr 
Sumed the different forms correspondent to 
their nature, but after that there was no fur- 
tiier motion or current in them. The cases are 
no doubt different to those where the whole of 
the magnetic field is occupied by the same 
medium; still, as far as it goes, it helps to con- 
firm the conclusion that no currents are formed. 
On putting the same liquids between the poles 
in. glass cdls, no magnetic currents could be 
oh^rved in them, though fine particles were 
introduced into the fluids, for the purpose of 
anaking such changes of place visible, if they 
oecurr^* 

2756. So there is no evidence, either by the 
action on a ray of light (2727, 2729), or by any 
expansion or contraction (27^), or by the pro- 
duction of any currents (2754), that the mag- 
mk exerts any direct power of attraction or re- 
paismi <m the parti<^ of the different gases 
tried, or that they move in the magnetic field, 
4m they BUe known to do, by any such immedi- 
Site attraction or repulsion. 


% MHfferenUal Moynetie Adion 
>< 8757; Then what is the cause of the diamag- 
, rfmnge Q place? The ^ect is evidently a 
4^eiseiitiid insult, depending upon the 
' mOMM of , the two portions or masses of matter 
Oteiipying ^emaguetie ^d, as the air and tine 
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streams d othergssin i^or mmuryaudj^ 
tube of air in it (2^7), or water and the peoe 
of bWmuth in it (2301) ; and though exhibited 
only in the action of masses, the latter must no 
doubt owe their differences to the qualities of 
the particles composing them. Yet it is to the 
observed that no attempt to separate the per- 
fectly mixed particles of very different sub- 
stances has ever succeeded, though made with 
most powerful magnets. Oxygen and nitrogen 
differ exceedingly, yet no appearance of the 
least degree of separation occurred in very pow- 
erful magnetic fields.’ In other experiments I 
have enclosed*a dilute solution of sulpl^te of 
iron in a tube, and placed the lower end (of the 
tube between the poles of a powerful hor^shoe 
magnet for days together, in a place of peMect- 
ly uniform temperature, and 3 ret withoup the 
least appearance of any concentration ot the 
solution in that end which might indicalte a 
tendency in the particles to separate. 


2758; The diamagnetic phenomena of the 
gases, when considered as the differential re- 
sult of the action of volumes of these bodies, 
may be produced and examined in a very use- 
ful manner by the employment of soap-bub- 
bles, as follows: a glass tube was fitted with a 
cap, stopcock and bladder, so that any given 
gas contained in the bladder might be sent 
through it, and also with a foot or stand so 
that it might be placed in any required posi- 
tion. The end of the tube was drawn down, 
bent at right angles, and cut off straight across 
at the extremity, being of the size and shape 
represented in Fig. 4* 



2750. It is easy to blow soap-bubWes at <he 
end of such a tube, of any size up to an mohin 
diameter, andretakthem for the time required 
by the action of thestopooek* Thefloapy wat^ 
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ghoidd be wbeii inoxted (a^idbcA 

forehand), by putting a cutting or two of eoap 
into a tittle coUdwtiUed watas, io^ tii6n.bul> 
Ues of the thinnest and moat equable taoctiue 
can be Mown, whidi are more mobile than H 
tiiicker suds be used, and if a tittle care be takt 
m, quite p^rmanmt enou^ for every useful 
experiment. The end of the inpe should be peav 
fectly clean and free from heterogeneous mat- 
ter (which is often destructive of the bubble), 
and should be wetted both inside and outside 
with the soap-water, and left awhik in U h^ore 
use. 

2760. If a bubble be blown with the eUd of 
the tube downwards, and be half an inch in di- 
ameter, it will usually have a little extra water 
at the bottom, and hang from the slender 
extiemity of the tube by an attachment so 
small as to allow it great freedom of motion. 
Hence it will swing to and fro like a pendulum; 
and according as there is more or le% water at 
the bottom, it will vibrate more or less rapidly, 
will, as a whole, gravitate more or less power- 
fully, and therefore will retain its perpendicu- 
larly dependent position with more or less sta- 
bility, — circumstances which are very useful m 
the employment of the bubble as a magnetic or 
diamagnetic indicator. 

2761. The regulation of the relative quantity 
of water which is m or upon the bubble is easily 
obtained within certain limits. If, after the 
pipe is dipped in the soap-water, the end be 
touched with a piece of wood or glass rod, which 
has also been kept in the soap-water, more or 
less of the liquid may be removed ; and by ob- 
serving the height at which the fluid stan^ by 
capillary action within the tube, which may be 
varied totween Hoth and ^ an inch, it is easy, 
after a few experimental trials, to observe how 
much is required to make a bubble charged 
with a certain amount of water, and bow little to 
give a bubble without any dependent water be- 
low; and then it is just as easy, byarran^g 
the amount of water befordiand, to blow a 
bubble of any required character. Even when 
no drop of water is left at the bottom, still a 
lange of thickness or thinness in tiie film itsc^ 
can be obtained. 

2762. As the bubbles contain less and less of 
water^ so are they rendered more s^iisitiye in 
th^ action. They vibrate sbw<»i and are mcrne 
catily moved by forces applied laterally to 
them. The diamagnetk efieot of the soap* 
Water eOnstitutingtiiemm and#erefom 

thegeaeenti^^ within tfaestr eompar- 

gtMter^If very tiun» tiie 


stable eqoitibrimm Iteany mclbatiba of^ this 
tube, or any latemi force, however small, time 
causes the bubble to pass to one side, and tp 
mn up and adhere to the side of the tube; fig, 
0^ The dependent position supplies, in incbssH 


spaces or atmospheres, an exceedingly delicate 
indicator; and even when the bubble is on the 
side of the tube it still forms a very valuable 
instrument, for it freely moves round the tube 
as axis; and as it possesses a certain degree of 
steadiness, it can be held in the magnetic field 
in any position, and by its motion to or from 
the a^ line, shows very well the magnetic or 
diamagnetic condition of the gas contained in 
it in relation to the surrounding air. 

2763. If the mouth of the tube be turned up- 
wards, bubbles of the thinnest texture can te 
blown; but they are then also very unstable in 
position, and run to the side of the tube; they 
can be used as indicators, as above (2762). li 
the mouth of the tube be made broader, the 
bubbles, being thin, can be retained standing 
on the extremity; Imt as their attachnmt is 
larger, so they require more force to move them 
sideways, and they lose in delicacy of indica- 
tion. It is convenient, in working with such 
bubbles, to make them nearly equd incise and 
thickness for the same set of comparative ex- 
perimimtB. I usually employ them about hati 
an mch in diameter* 

2764. Qn blowing such a 
bubble with ear, in the de- 
pendent position, placing 
it in theangleof tbedouble 
pole ona levti with the ax^ 
ial tine (Fig* and tiMii 
putting on the magnie^ 
power the nice of twenty pah of piatas/ tim 

bubble was deflected outwa^s from the axial 
tine (or equatprially) with a obtain amouptoi 
force, and retuxned to its first position on the 
interruption of the etectric currents The defleo- 



Fig. 6 
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iiot |ra«t, MdiMagdoe to ibe 
of Utobablitii^ gftv««afa»diefiu&ojr thAAnoimt 
d! that cflaot, to be uaed BA a enmetioB !a ex* 
petiniMits with other geeee. 

27§& Niiragen <n air. A babble of mtrogeo 
*imit i;mtwards or equatomlly ia oonunon sk 
with a force much surpaseing ^eoatward tend- 
ency of a bubble of air (2764), in a very strik- 
ing and illustrative manner. It was oft^ driv- 
en up from the end to the side of the tube ; and 
vdien on the side, if presented inwards, it was 
driven to the outride of the tube, and however 
the tube was turned round, kept that position 
as long as the magnetic force was maintained. 
This ^ect is the more striking when it is con- 
sidered that four-fyfths of the air itsdf is nitro- 


gen gas. 

2766. Oxygen in o^. The effect was very im- 
prove, the bubble being pulled inwards or 
towards the axial line sharply and suddenly, 
eesaeily as if the oxygen were highly magnetic. 
The result was expected, being in accoidance 
with the {dienomena presented by oxygen and 
nitrogen in a former investigation of the dia- 
magnetic phenomena of the gases.^ 

^67. Nitram oxide and okfiant gaeee in air. 
The bubbles went outwards or diamagnetically 
with a force much greater than that due to the 
effect of the water of the bubble, proving the 
relation of these gases to air, and acco^ing 
with the results formerly obtained with streams 
of these substances.* 

2768. There is no difficulty in applying this 
method of observation to experiments with 
gases in atmospheres of other gases than air, 
provided they be such as do not destroy the 
babble; but 1 do not consume time by detailing 
ithe resdts of such experim^ts, which accord- 
ed perfectly with those before obtained.’ The 
deseription given is quite sufficient to illustrate 
Xhe p^t steted, namely, that the motion of 
the gases, one in another, when in the magnet- 
fo field, is a differential result, and supply suf- 
fident cases for reference heritor. 

2709. The same ccmdurion, that the effect is 
ja diffdential result of the masses of matter 


mesetit in the magaetie fidd, is also manifest 
Irimi the ccmsfoeimdn of tto of gaseous, 


liquidi aiui solid diamagnetb bo(^ advanced 
mafonnerpartofth^ (2405-14); 

wad a eondliirion of same land, as regards 


WUIgiietie bodies , : 

|MriBunt8 then r 

" * MafoUmi, 1M7. VoL XXXI, j/P- 


bIbo be drawn £r(»a ext 
(2861-48). 
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f C$mPkn4f<hiW" h i KUto* 

0aiH «md‘8ptm > < ' , 

9970. diileran^ aetianiitf twn pcntieu 

of gas, or of ai^ two bodies, miqr, br a mote 
elaborate method, be examinBd in a 
tax mwe interesting and impmtant than 
Just described. Tim mode of action referred to 
may even be made the basis of instruments, by 

whidi, probably, most impwtant indications 
and measuremoitB of boto magnetic and dia- 
magnetic actions may be obtained, leading to 
results which are not even as yet contemplated 
by tire imagination. 

2771. If two portions of matter, gaseous or 
liquid, are tidd together and placed in a sym- 
metric magnetic firid, on c^poate ndespf the 
magnetic axis, tiiey will be rimultaneoaa|y ai- 
fecM. If boto are diamagnetic, or fees mag- 
netic than the me(tium occupying tiie mi^inet- 
ic field, both will tend to go outwards or el|}ua- 
torially; equally if they are aUke, but unecpial- 
ly if they differ. The consequence will be that, 
if they are placed, in the first instance, equidis- 
tant from the magnetic axis, the supervention 
of the magnetic force will not alter their posi- 
tion, provided thqy be alike; but if they differ, 
then their position will be changed ; for the most 
diamagnetic will move outwards equatoriaHy, 
pulling the least diamagnetic inwards imtil the 
two are insuchnew positions that the forces sct- 
mg on them are equipoised, and they will as- 
sume a position of stable equilibrium. Now the 
distance throu^ which tiiey will move may be 
used indirectly, or better still, the force required 
to restore them to their equidistant poeitioninsy 
be emplo 3 red directiy to estimate the tendency 
each 1^ to go from the magnetic axis; tiratis, 
to (dve thrir rriative diamagnetic intensitieB. 

2^2. That I might submit gases to such a 
method of examination, I selected a piece of 
very thin and regidar fimt-gfees tube, about 
Jfiet^ of an inch external diameter, and not 
more than )(«th of an inch in thickness, and 
drawing at toe UoW-pipe lamp two equable 
portions of this tube into the shape and sise 
repreamted, Ftp, 7, inadtitothebairripartiB 
mtoes long, I filled one wito oiqpgengasand 
toe other with nitrogen gaa, and then seafed 
them up hermetically. The eiid of toe pixdos^* 

ed i»trt of each wah toadied vdiiist warm with 

seaiing-wluc and a thiesd Iseteaed to Hi 'K'bfen 

thread wee tied mto a bop, ahow pw s ep ted of 

fuQ dee. By toeee the twoM wsm to be 

pended pekpendfeularlylnm St terdnobalett^ 

so tost toe middle of eadh toeiM fAiM n 
plaoe, be <m>B leml irito tltotoegEHri^ 





2778. The torsion balance ocnunsted of a ban* 
cQe of sixty equally-stretched cocoon silk fitwes^ 
made fast aWe to a vertical axis canying a 
horisqntal index imd graduated plate, and be- 
low to a horizontal lever. A crosatbar, about 
1)4 inches long, was attached to one end of this 
lever, also in the horizontal plane; and onihe 
extremities of this cross bar, and 8^ inches 
from the centre of motion, were hung the two 
tubes of oxygen and nitrogen (2772), counter- 
balanced by a weight on the other arm of the 
horizontal level. The whole was thus so placed 
and adjusted in relation to the eleotix)-magnet, 
furnished at the time with the double cone core 
or keeper (2764), that the middle part of each 
tube was level with the middle of the core, and 
equidistant on each side from it. Under these 
circumstances, if any motion was given to the 
balance, so as to make its arm vibrate, the vi- 
brations were made with great slowness, in con- 
sequence of the weight of the whole moving ar- 
rahg^ent, and the small amount of torsion 
force in the cocoon silk. 

2774. The moment the magnetic force was 
thrown into action all things changed. The oxy- 
gen tube was immediately carried inwards to- 
wards the axis, and the nitrogen tube driven 
outwards on the contrary side. The balance 
swung beyond its new place of rest and then 
returned with considerable power, vibrating 
many times in the period, which before was 
filled by a single oscillation; and when it had 
come to its place of rest, or of stable equilib- 
rium, the oxygen tube was about one-eighth of 
an inch from the iron of the core, and the ni- 
tiogen tube four-eighths distant. Ten revolu- 
tions of the torsion axis altered only in a slight 
degree these relative distances. 

277& The actions iiirhich deteitnine the nm- 
tual seif-ac^stment of the oxygen and nitro- 
gen, as regeuds thtir place in relation to the 
magnetic axis, are very simple and evident. In 
the fiiht jdaoe^ the gbm ot the tubes is mate 
diaanageetie the surrounding ihtdium at 
eh (2424), and therefore each tods to move 
outwfis^ bM b^g equal in nature and cbn- 
ditien to eadb other, tend to move with 
at eqiml distemces, and at 


be to« gtodier 


at the same time carried outwards, is for a cor- 
r^pottding reason m a place of less intense ao*> 
tion; and therefore, as soon as the constraint is 
removed, the system returns to its positioo of 
stable equilibrium, in which the two bodies are 
equidistant from the magnetic axis. 

2776. The con«cnte also of the tubes are sub- 
ject to the xnagnetio forces, and as the result 
shows (2774), in very different degrees. Either 
the oxygen tends inwards much more forcibly 
than the nitrogen, or the nitrogen tends out*^ 
wards more powerfully than the oxygen; and 
the difference must exist to a very great de- 
gree, for it is such as to carry the gl^ of the 
oxygen tube up to a position so near the ads 
that it could not by itself, or with mere air in-* 
side, retain it for a moment without the aid of 
considerable restraint. The power with which 
the tubes only would retain their equidistant 
position, combined with the extent to whidi 
they are displaced from this position, shows 
the great amount of force which this conjoint 
action of the oxygen and the nitrogen leaves 
free to be exerted in the one direction, namely^ 
from the oxygen inwards or axially, for thou^ 
the action be complicated the result is simple. 
By former experiments, the nitrogen is known 
to pass equatorially and the oxygen axially in 
air,^ and the nitrogen tube will pass equatoriat* 
ly according to a certain differential force, de^ 
pending on the flint-glass and the nitrogen on 
the one hand, and tto bulk of air displaced W 
them on the other. The oxygen tube in lito 
manner will tend to pass axially by a differ^ 
ential force, the amount of which will depend 
upon the tendency of the oxygen to go axkUy^ 
of its tube to go equatorially, and of Hbmr jom 
relation to the air they displace. But both Ube 
tubes and their contents ate by their joint 
lation to the air and their medianical 
ion so related to each other, that when alcm 
(as of torsion) is employed to restore them to 
thrir equidistant position from the inagi«Bti4 
axis, all considemtion of the matter ^ tte 
tubm and of the air as a surrounding medMi 
maybe dismissed. The gases within theminto 
be considered as in immediate toation Umi 
each other and the magnetic aris, and dUitol* 
harrassed from ail other actions : tbo fMisi 

which may be found needful to ptaoe l|Mi 

* Mat/OMim 1847, Vql. XiPBk 
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IB Re measure of tlidrxn^^ (2772),andV6iyB6ariy alike in Biae^ were {]^ 
diMnagneti^ pared and hermetically eeaied, after ihat tihie 

2777. Hamg thus explained the genend quantity of gaa within them h^ beBn reduced 

principles of action, I will not at present go in- to a certain degree by the air-pump. The hist 
to fheir ^l^licat^ in the construction of a contained the gas at the pressure of cn^ atmes- 
meastiiing instrconent or the results obtained phere; the second had the gas at 
with it, further than is required for the genmd half an atmosphere, or 15 inches 
cincidation of magnetic and diamagnetic bod- of mercury; the third contained 
ie% and the determination of the true zeron gas at the pressure of 10 inches 
point (2721, 2722). of mercury; and the fourth, after 

2778. The principles just described enabled bring filled with oxygen, was re- 
meto return to a method of investigation which duced to as good a vacuum as an 
on a former occasion greatly excited my hopes excellent air-pump could effect. 

(2483)r but which seemed then suddenly cut When Ihe first of these was com- 
off by want of power. Various bodies, whetiier pared with lille other three, the 
oonsid^^ as magnetic or diamagnetic sub- effect was most striking; opposed 
stances, admit of two modes of treatment, to the half atmosphere, it went 
whirii promise to be exceedingly instructive as towards the axis, driving the ex- 
r^rds their properties and their destined pur- panded portion away; when in 
poses in natui^ operation. A gas may be healr relation to the one-third atmos- 
€d or codedf and the ^ect of temperature, phere, it went inwards or axially 
which is known to be very influential,^ may with still more power; and when 
now be ascertained without any change in the opposed to the oxygen vacuum, it 
bulk of the gas; or it may be rarefied and corir took its place as close to the iron 
ieneed through a very extensive range, and the core as in the former ease, when contrasted with 
effect of this kind of change upon it ascertained nitrogen (2774) ; and it was manifest that the 
independent of temperature or the presence of diamagnetic power of the glass tube which in- 
any other substance. Solids and liquids do not closed it (2775), was the only thing which pre- 
admit of these methods of examination, and do vented theoxygen from pressing against theiron 
not therefore assist in the determination of the core occupying the centre of the magnetic field, 
zero-point and of the true distinction of m£^- 2781. On experimenting with the other tubes 

netic and diamagnetic bodies in the same man- exactly the same result was obtained. Thus the 
mt that the gases do. tube with one-third of an atmosphere, in asso- 

2779. It appeared to me that if a gaseous riation with the vacuum tube, went inwards, 
body were magnetic, then its magnetic prop- driving the other outwards, i.e., it was more 
Orties ought to be diminirii^ in proportion as magnetic than the vacuum; but in association 
it was rarefied, that equal volumes of such with the one-half atmosphere tube it went o^tr 

gas at different pressures ought to be more wards, whilst the denser gas passed inwards, 
inagneric, as they are denser; on the other Any one of the tubes, if associated with a^* 
h$£i, that if a gas were diamagnetic, rarefac- other having a rarer atmosphere, passed in- 
ought to diminish Its diamagnetic char- wardsormagnetically, whilst if associated with 
ad^until, when reduced to the condition of a others havmg denser atmospheres it passed 
vacuum, it should disappear. In other words, if outwards, being driven off by the superiormag- 
two ^opposed portions of the same magnetic netic force of the d^ser gas. As far as I couid 
-one rarer than the other, w®o subjected ascertam in these prdiminary forms of experi- 
at mice to the magnetic force, the denser ought ment, the tendency inwards or axially appear- 
ta iq^noach the axial line, or be drawn into ed to be in proportion to the density of the gas; 
the jj^ce of most ihteiise action; whereas if two but the exact measurement of these forces will 
simply oi^iosed portions of a diamagnetic be given hereafter. 

f^worCBufalected to themagnetic action, the 2782. Thusoxygenappears tobeavery oaag- 
JmmBxpandM'orrsmgaso^ttogoinwards netic substance, for it passes axially, or^h^ 
to Urn i^oe of strongest action. weaker to strong^ places of force, withconrid: 

:i^!80, SevaralJriilhB of -oxygen (Fig. 8), sim- erable power; a conclusion in accor^ce with 
aammgement to those already described the result of formm observations.^ 

''‘‘■H'iimsojgiieal Mi^giuins, 1847, VoL XXXI, ^ 1847, Vot; 
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it pasBeB mor^ {Kymifuily iviten dense 
when rarei its tendeoEcy inwerds humg appar* 
ently in proportion to its density. Hence, as 
the oxygen is removed, the ma^etic force dis- 
app^rs with it, untU when a vacuum is ob* 
tained, little or no trace of attraction or inward 
force remains. No doubt it may be said that 
dense oxygen is less diamagnetic than rare oxy- 
gen, or a vacuum. This however would imply, 
that the acting force of a ^bstance, as the oxy- 
gen, could increase in proportion as the quan- 
tity of the substance diminished, which is not, 
1 think, a philosophical assumption; and be- 
sides that, other reasons will soon appear to 
show that the magnetic condition which disap- 
pears as the oxygen is removed, belongs to and 
is dependent upon that substance, and that 
oxygen is therefore a truly magnetic body. 

2783. Nitrogen, being the other and larger 
part of the atmosphere, was then subjected to 
experiment, and three tubes, one containing 
the gas at a pressure of 30 inches of mercury, 
another with the gas at the pressure of 15 
inches, and the third reduced as nearly as it 
could be to a vacuum, were prepared (2780). 
When these were compared one with another 
in the magnetic held, they were found to be so 
nearly alike as not to be distinguishable from 
each other, i.e., they remained equidistant from 
the magnetic axis. I do not mean to imply that 
nitrogen at these dif erent pressures is abso- 
lutely the same bulk for bulk (an instrument 
now under construction will enable me here- 
after to compare and measure with infinitely 
greater accuracy, and to ascertain these points) ; 
but as compared with oxygen, the great and 
extraordinary differences produced by rarefac- 
tion there, have no corresponding differences 
here. If there are any, they are insensible at 
present, and may, for the chief purpose of this 
paper and the determination of the zero-point 
between magnetics and diamagnetics, be taken 
as nothing; 

2784. Nitrogen therefore appears to be nei- 
thermagnetic nor diamagnetic; if it were either, 
it could not but fall in its specific condition as 
H was rarefied ; as it is, it is equivalent to a vac- 
uum. tf a pven space be considered as a vacu- 
um, into whirfi oxygen or nitro^n is to be 
'^udually introduce, as oxygen is add^ the 
apace becbmes mcufe and more magnetic, ie. 
more oompetent to admit of the kind of action 
<*M)lngid^ed by that word; but the corre- 

gjtnduid addition of nitrog^ to an 
apace produces nd effect of that kind, 
ur the ecntraj^i and the nitrogen is tbercfoie 


neither xnagnetio nor diamagnetio, tmit 13os 
space itself. s , . ' r ; - ^ 

2785. As yet 1 have found no gas, which, 
ing on the diamagnetic aide of zero, can at ail 
compare with oxygen in the range of effect 
produced by rarefaction. For the present,. I 
may mention olefiant gas and cyanog^ as sub* 
stances which appear to proc^ inwards, 
towards the axial line, as they are more rare^ 
fied. They are therefore not merdy at zero, but 
are in opposition to oxygen and are diamagnet- 
ic bodies. But if we want a body that is strong? 
ly and undeniably diamagnetic, and which, be? 
ing added to or introduced mto space, will 
make it diamagnetic, as oxygen renders it 
netic, then fiint glass or phosphorus presents 
us with such a substance. When these bodtes 
are made into forms similar to the volutnea of 
nitrogen, or the vacua in size and diape, and 
are compared with them on the torsion Imliliice; 
they pass outwards with much force; and it is 
probably the great diamagnetic force of the 
glass of the tubes that prevents the effect of 
rarefaction from being more evident in olefiant 
and other gases. 

2786. When a tube has been filled with a 
particular gas, then exhausted as much aa pos- 
sible, and sealed up hermetically, it may be 
considered as inclosing what is commonly call- 
ed a vacuum. I have prepared many such vac- 
ua, and may be permitt^ to distinguish them 
by the name of the gas, traces of which still re- 
main. In comparing these vacua in the mag^ 
netic field (2773), they appeared to me to be in 
all respects alike; the oxygen vacuum was not 
more magnetic than the hydrogen, nitrogen, or 
olefiant vacuum. Thtir differences, if any, were 
far smaller than the differences which could be 
produced by the variations of size and other 
conditions of the glass bulbs, and can only be 
made manifest by the means hereafter to be 
used (2783); and I am fully persuaded tiiat 
tiiey will ultimately be neariy alike, mE#iig 
closB up to ami about a p&feei yemma. ' 

2787. Before d^rmining the place trf seto 
amongst magnetic wi diai^gnetio bodiefi^. we 
have to confer the true obmcter as^ ntior 
tion of 9pw» free from any mateiM substmante. 
Though one cannot procure a i^>ace perfectly 
free from matter, one can make a close apc^^ 
hnation to it in a carefully prepared 

ban vacuum. Fethaps it is hmdty 

for me to state, that I find both iron and Mih 

muth in such vacua perfectly 

magnet I^pomsUih’experunento 

gen^ obtevations imd 



VASmm 


tmSfM ibiiilltoliiies ofmag&etie force <2149) 
can ^verse pure space, just as gravitating 
fbitie d^BB, and as static dectrical forces do 
119(9)1 aifeid therefoi% space lias a laaa^etic re^ 
cl its own, and one that we shall prob- 
hereaftWtobe oftheutinost tmpoiv 
natural phenomena* But thiscbaracter 
||ji$»aee is not of the same kind as that which, 
m, ldati(m to matter, we endeavour to express 
tibe terms magnetic and diamagnetic. To 
' cMuse them together would be to confound 
with matter, and to trouble all th^ con- 
ations by which we endeavour to understand 
liid woi^ out a progrestively clearer view of 
tim Mode of action and the laws of natural 
forces* It would be as if, in gravitation or elec- 
‘ tilh forces (1913), one were to confound the 
liMcleS acting on each other with the space 
icross which they are acting, and would, I 
tidnk, shut the door to ^vancement* Mere 
Space 'Cannot act as matter acts, even thou^ 
file utinost latitude be allowed to the hypoth- 
iitis cl lim tether ; and adinitting that hyp^ 
it"#ould be a large additional assumption to 
suppose that the lines of magnetic force are vi- 
bratimis carried on by it (2591) ; whilst as yet, 
we have no proof or indication that time is re- 
quired for their propagation, or in what re- 
la^^eet they may in general character assimilate 
to, or differ from, ^ respective lines of gravi- 
tatolg,’ luminiferous, or electric forces. 

^^2!788. Ndtiier can space be supposed to have 
those circular currents round pcwts diffused 
it, vdiich Ampere’s theory assumes to 
tuound ^e partides of ordinary nu^et- 
1 had for a moment sup- 
IKised might exist in the contraiy direction 
J^mdtdlhepinti 

The imath^ation, restrmn^ hy 
pluliMphioal considerations, fuls to ffnd any- 
: stfiDig in pme space about whidi timeurrents 
clrci^te^ or to which they could by! any 
Msooifttioii be attached; and the (fffficulty, ff 
alnsdy not ixxxmeasurable, would be still greater 
tiSoM, if these be any, who, assuming that 
, tangnetie aiui' cSamagaetic bo^es are alike m 
must assume that there are like cur- 
M!i8 in botii; for it does not seem possible to 
<for kwtanee) pbo^horus having such a 
iu^gpetfoecmstitob^ 

41 a'sifoBsr constitution, and yet to have aaa 
, adimistttic^ of tto soagnetic powers of 

#1 igmeeao occupied. 

As spatce thmfore eomports itself in*- 
and after another man- 
(Msmdi vnneties^ nnist, in 


relation to iheb tn^seetlve4|tta^ 
ered amongst themseHyes. Those which . pro- 
duce no effect when added to sps^, a{^^ to 
me to be neutral or to stand at aero. Those 
which bring with them an effect of one Id^ 
will be on the one side of am>, and those which 
I»oduoe an effect of the ccmtra^ Und wiH be 
on the other side of aero ; by this division 
constitute the two sub^visiona of magnetic 
and diamagnetic bodies. The law which I for- 
merly ventured to give (2267, 2418), still ex- 
presses accurately their rdations; for in an ab- 
solute vacuuip or free space, a magnetk body 
tends froin Weaker to stronger places df mag- 
netic action, and a diamagnetic bodyl under 
similar conditions from stronger to weaker 
places of action. 

2790. Now that the trvs zero is obtainejl, and 
the gi^t variety of mateial substances Wtis- 
factoriiy divided into two general classos, it 
appears to me that we want another name for 
the magnetic class, that we may avoid confu- 
sion. The word magnetic ought to be general, 
and include aU the phenomena and effects pro- 
duced by the power. But then a word for the 
subdivision, opposed to the diamagnetic class, 
is Q^essary. As the language of tb^ bran^sh of 
science may soon require general and careful 
changes, I, assisted by a kind friend, have 
thought that a word not selected with particu- 
lar care might be provisionally useful; and as 
the magnetism of iron, nickel and cobalt, when 
in the magnetic field, is like that of the earth as 
a whole, so that when rendered active they 
place themselves parallel to its axes or lines of 
mapetio force, I have supposed that they and 
their similars (including oxygen now) mi^t be 
t^ed paramagnetic b^es, giving the follow- 
ing division: 

K the attemptto facilitate expressfon be no 
aco^tod; I h<^ ;it will be excu^. 

2791. Fiom the |»:esenoe of oxyi^ inineaii 

the latter is, as st whdle, a inagncti^medtinuc 
no smidl po wei^. finioe aU tiie 
perimentft on the dkinagnetio omiditiont tifjf pti 
or gases, made by passing steeams ^ ^ 
tiwough it mid ea^ other/ 

emrreetion^ wtueh betorfenaily 

of these ibbdSes en 

aero. Bvea solid and ffuM sutatoam 1 

tpeiMisefoBi m 1647, voL acaoEit' p 
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formmtt gi^yei (2«24)» ^ alteitttioa in 
this re^eet4 X hope soon however to have the 
jneans of aaoertaiziiiig, not only the place of 
bodies, but also ibm relative degrees of force, 
at the same and at different temperatures, with 
a degree of accuracy that will ssrve great pur- 
poses in the further development of this branch 
of science, 

2792. Amongst the gases hitherto examined 
there is nothing that oompares with oxygen. 
The following are comparatively indifferent by 
the side of it: chlorine and bromine vapour, 
cyanogen, mtrogen, hydrogen, carbonic acid, 
carbonic oxide, ole^nt gas, nitrous oxide, ni- 
tric oxide, nitrous add vapour, muriatic add, 
sulphurous add, hydriodic add, ammonia, sul- 
phuretted hydrogen, coal-gas, ether vapour 
and sulphuret of caibon vapour; for thou^ 
some, as olefiant and cyanogen gases, appear 
to be a little diamagnetic, and others, as ni- 
trous oxide and nitric oxide, are magnetic, yet 
their effects disappear in comparison with the 
results produced by oxygen. 

2793. 1 hope to ^ve &e correct expression 
of the paramagnetic force of oxygen (2783) 
hereafter; in the meantime I am tempted to 
give one or two rough illustrations of its degree 
in this place, in addition to the former one 
(2774). The capacity of the oxygen bulb, con- 
tainmg one atmospWe, is not quite 0.34 of a 
cubic inch, and the weight therefore of the oxy- 
gen within 0.117 of a grain. I endeavoured to 
compare this quantity in the fimt place with 
soft iron, and therefore attached a portion of 
that metd, having one-tenth of this weight or 
0.012 of a grain, to a fine platinum wire fixed 
into one end of a vessel, corresponding insixe to 
that containing the oxygen, so as to bring the 
iron into the middle, and then the bulb was 
exhausted and hermetically sealed. Being now 
oppoa^ to the oxygen tube in the magnetic 
field, it Was found, as expected, far to surpass 
the oxygen in magnetic power. As it was m- 
convenieiit further to reduce the iron or to en- 
large the oxygen, another ma^etic substance 
was employ^ for the comparison. 

2794. Ope hundred grains of clean, upood, 
prystdUaed pmtosuljdmteof inm weredi^ 

in di s til le d water, and diluted until a i^ass 
pf neaxly the sam® aixe as the oxygen 
Tvbpa SUed with the solution, me ^ual to 
^ oxyfcai,buU>i& and stood equidlbtant 

the anH line, as far ae I could judee by 
^jppceeet nand^ of lobeervatiom When the 


of lailno inoim^ As the bidk of 

isonly 0.34of aeutdekeh (2793), thattraimno 
of iolutibn would contain very nearily two 
grains of crystallised sukhate of iron, equivaif 
lent to 0.4 ^ a grain of metallic iron; so that, 
bulk for bulk, oxygen is ^ually magnetic with 
a solution of sulphate of iron in water contain* 
ing seventeen times the weight of the oxygen 
in crystallised protosulphate of iron, or 3.4 
times its weight of metaUic iron in that state of 
combination* 

2795. Agmn, the oxygen tubes, containing 
respectively one atmosphere and a vacuum 
(2780), were adjusted about an inch apart, and 
placed on each side of the magnetic axis, and 
the force of the magnet devdoped. The oxygen 
of course approached the magnetic axis, and 
the vacuum passed equatorially . A slender glass 
filament, about 6 inches in length, had bean 
drawn out at the lamp and fixed to a foot; and 
the end of this filament was then employ^ to 
press back the oxygen tube into its original 
place, and render it equidistant from the mag- 
netic axis with the vacuum tube* In this posi- 
tion the two tubes would, as respects the glass, 
neutralise each other (2775) ; and considering 
the vacuum as zero, the oxygen alone may be 
considered as active, and the force required to 
hold it out may be looked upon as force 
with which the oxygen, at that distance of half 
an inch, tended to go to the magnetic axis. The 
deflection of the glass filament or spring, at the 
place where the oxygen tube Was held by it, 
was rather more thim one inch from its pofri*' 
tion when relieved from the pressure of tbjS 
tube. Being taken away, it was set up in the 
horizontal position (after being turned 90^ on 
its axis, so that the flexure might be in the 
same direction, relative to the filament, as be- 
fore); and the position of the end bringmarked, 
weights were put on it at the pla^ of foe* 
mer contact with the oi^gen tube, until thi^ 
produced the same amount of deflection as b^ 
fore. It required ratheor more than the tenth of 
a grain to produce ibis effect; and this, oonsid- 
eiing that the whole oxygen only wdgbed 0* 1 17 
of a grain, tb$U no part of it was neaser 
than h rff an iiich, whilst the average 
d the mast was above an inch from the fiaagt 
netic axis, gives a high expresedon for the 
netio power* 

2798* Xt is hardly necessary to me today 
here that this oxygen cannot exist k the 
mesphere, exerting such a itoaiutobkaiid 
ammint ^ force, withm a 

most kipcwkiit kflumice on tbedfafMsdtkh pt 
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emliy if it %e ramembered that its ma^poetic 
eonditioii is ipreatly aitersd by variatioiis m its 
de&fdty (2781) and by variations in its tem« 
pertture.^ I think I see hei^ the real cause of 
many of the variations of that force, which 
have been, and are now, so carefully watched 
on different parts of the surface of the globe. 
The daily variation and the annual variation 
hoik seem likely to come under it; also very 
many of the irre^lar continual variations which 
the photc^raphic process of record renders so 
beautifully manifest. If such expectations be 
eonfirmed, and the influence of the atmosphere 
be found able to produce results like these, 
then we shall probably find a new relation be^ 
tween the aurora borealis and the magnetism 

^ Phiilowjihiedl Magannet 1847, Vol. XXXI, p. 

■ 


of th8 earth, nauldyi a relation eistn;hai|diedj 
mother less, thi^j^ the air in eonli^ctaoh 

with the space above it; and even magnetic re^ 
latibns and variations which are not asyet $us- 
pected, may be suggested and rendered mani- 
fest and measurable, in the further develop- 
ment of what I will venture to call aimosph&ru 
magmtism (2847, &c.). I may be over-sanguine 
in these expectations, but as yet I am sustained 
in them by the apparent reaUty, simplicity and 
sufficiency of the cause assumed, as it at {nres- 
ent appears to my mmd. As soon as 1 have suf- 
ficiently submitted these views to a close con- 
sideration and the test of accordance T^th ob- 
servation, and where applicable with lexperi- 
ments also, I will do myself the hoimur to 
bring them before the Royal Society. ' 

Royal Institution^ August 2, 1850, 
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§ 82 . Magnetic Conducting Power If i. Magnetic Conductmi f ii. 
Conduction Polarity If iii, Magnecrystallic Conduction % At- 
rnospheric Magnetism If i. General Principles 
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f L MagneUc CondvetUm 
2797. The remarkable results given in a for- 
mer series of these Researches (2757 ^ &c.) re- 
specting the powerful tendency of certain gas- 
eous substances to proceed either to or from 
the central line of magnetic force, according to 
their relation to other substances present at the 
same time, and yet the absence of all conden- 
sation or expansion of these bodies (2756) which 
smgjtA be supposed to be consequent on such 
m amount of attractive or repulsive force as 
would be thought needful to produce this tend- 
ency and determination to particular places, 
have, upon consideration, led me to the idea, 
that if bodies possess different degrees of con- 
dwtmg power tor magnetism, that difference 
may account for ail the phenomena; and, fur- 
ther« that if such an idea be consid^^, it may 
assist in developing the nature of magnetic 
force. I shall therefore venture to think and 
speak freely on this matter for a while, for the 
puipose of drawing others into a consideration 
of the si^jeot; thoui^ I nm the risk, in doing 


TransaoHonSf 1851, p. 29, 
the author aOd 


so, of falling into error through imperfect ex- 
periments and reasoning. As yet, however, 1 
only state the case hypothetically, and use the 
phrase conducting power as a general expression 
of the capability which bodies may possess of 
affecting the transmission of magnetic force; 
implying nothing as to how the process of con- 
duction is carri^ on. Thus limited in sense, 
the phrase may be very useful, enabling us to 
take, for a time, a connected, consistent and 
general view of a large class of phenomena; 
may serve as a standard of meaning amongst 
them, and yet need not necessarily involve any 
error, inasmuch asTwlmtever may be the prin- 
ciples and condition of conduction, the phe- 
nomena dependent on it must consist among 
themselves. 

2798« If a medium having a certain conduct- 
ing power occupy the magnetic fitid, and then 
a portion of another mediuna or eubstahee be 
placed in the field having a greats condUc^g 
power, the latter w4l tend to draw up toward 
tiie place of greatest forces displacini’i^ f<^ 
mer. Such e/t least is the case with boefie^ tW 
are freely ma^UStie, lus frOU, 
theb combinati^ (2357^ 2368, M 
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result is in wi& tbe pb^oomssoa 

produced by electric induction. If a portion of 
still M^mbt conducting power be brou^ into 
play, it? will ;^prO£tcb the axial line and dis- 
plaoe that which had just gone there; so that a 
body haying a certain amount of conducting 
power will appear as if attracted in a medium 
of weaker power, and as if repelled in a medi- 
um of stronger power by this differential kind 
of action (2367, 2414). 

2799. At the same time that this idea of con- 
duction will thus account fm* the place which a 
given substance would take up, as of oxygen 
in the axial line if in nitrogen, or of nitrogen at 
a distance if in oxygen, it also harmonizes with 
the fact, that there are no currents induced in 
asinglegas occupying themagnetic field (2754), 
for any one particle can then conduct as well as 
any other, and therefore will keep its place; 
and it also agrees, I think, with the unchange- 
ability of volume (2750). 

2800. in reference to the latter point, we 
have to consider that the force which urges 
such a body as oxygen towards the middle of 
the field is not a central force like gravitation, 
or the mutual attraction of a set of particles for 
each other; but an axial force, which, being 
very different in character in the direction of 
the axis and of the radii, may, and must pro- 
duce its effect in a very different manner to a 
purely central force. That these differences ex- 
ist, is manifest by the action of transparent 
bodies, when in the magnetic fidd, upon a ray 
of light; and also by the ordinary action of 
magnetic bodies: and hence, perhaps, the rea- 
son, that when oxygen is drawn into the mid- 
dle of the field, in consequence of its conducting 
power, still its particles are not compressed to- 
gether (2721) by a force that othexwise would 
seem equal to tiiat effect (2766). 

2801. So when two separate portions of oxy- 
gen or nitrogen are in the magnetic field, the 
one paases inwards and the other outwards, 
without any contraction or expansion of their 
rtiative volumes; and tiie result is differential, 
the two bodiOB being in relatim to and dependr 

eadh othm*, by being rimultaneously re- 
lated to tile lines id magnetic force which pass 
cenjemtly through them both, or through ^em 
fnd the medium in which they are conjmntiy 
iaanersed. ? 

^2* I faave already said, in refeimice to the 

foree (2787), 
pema» tiiat tiane- 
ttat can 
natiireas 


duotmg pow^ of and m a masmer i&ore 

analogous to that in which the lines of grovi* 
tating force, or of static electric forces pass 
across nmre space. Then as ree^pects those b^^ 
ies which, like oxygen, fadHtate the traudn^ 
sion of this power more or less, they class 
gether as magnetic or parama^etie subs^ces 
(2790); and those bodies, which, like olefiant 
gas or phosphorus, give more or less obstruct 
tion, may be arrang^ together as the diamag- 
netic clam. Peihaps it is not correct to express 
both these qualities by the term comdttdtkn; 
but in the present state of the subject, and un- 
der the reservation already made (2797), tibA 
phrase may I think be employed conveniently 
without introducing confusion. 

2803. If such be a correct general view of the 
nature and differences of paramagnetic and 
diamagnetic substances, then the internal proc- 
esses by which they perform their functions 
can hardly be the same, though they might be 
similar. Thus they may have circular electric 
currents in opposite directions, but their dis- 
tinction can scarcely be supposed to depend 
upon the difference of force of currents in the 
same direction. If the view be correct also, 
though the results obtained when two bodies 
are simultaneously present in the magnetic 
field may be considered as differential (2768, 
2770) even though one of them be the general 
medium, yet the consequence of the presence 
of conducting power in matter renders a mmgle 
body, when in space, subject to the magn^ 
force; and the result is, that when a paramag- 
netic substance is in a magnetic field of un- 
equal force, it tends to proceed from weaker to 
stronger places of action, or is aitract^; az^ 
when a diamagnetic body is similariy clicun^ 
stanced, it tends to go from stronger to weato 
places of action, or is repelled (2756). 

2804. Matter, wh^ its powers are under 
consideration, may, as to its quantity, be con^ 
sidled either by wei^t or by volume. In tiie 
present case, where the effects produced hal^ 
an immediate reference to mere space (2787^ 
2802), it seems proper that the vofaime sfaeuid 
be considered as the representation, and that 
in comparing one substance with anothi^, 
volumes should be empbyed to git/e 

suits. No other method could be ua^ vrilfa ^ 
differential syst^ of observation (277!!^ 

2805l8cmmiii$erixnentBlevid^Gey^o^ 
that of change of rituation, 
this eonduet^pw^, by 

dmxaoteriiAkai of paiiuBja^^ 
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Mtte hoSmt mey mQ be esqpe^. Tbk evl* 
4efioe eadffto; but asHoertam oo&Bideraiicmi 0031 * 
aeeted ivith polarity preclude me from eaUing 
too heeiy upon iroUi cobalt, or nickel (2832) 
lor iUnstrations, and as in other bodies which 
axe paramagnetic, as well as in those that are 
4imag0etic, the effects are very weak, they 
V/Si be better compreh^ded after some fur- 
rier general consideration of the subject (2843). 

2806. 1 will now endeavour to consider what 
ike infiuenoe is which paramagnetic and dia- 
magnetic bodies, viewed as conductors (2797), 
exert upon the lines of force in a magnetic field. 
Any portion of space traversed by lines of mag- 
netic power, may be taken as such a field, and 
there is probaUy no space without them. The 
igs^dition of the field may vary in intensity of 
{Mwer, from place to place, either along the 
lines or across them; but it will be better to as- 
sume for the present consideration a field of 
equal force throughout, and I have formerly 
described how this may, for a certain limited 
space, be produced (2465). In such a field the 
power does not vary either along or across the 
lines, but ike distinction of direction is as great 
«ad important as ever, and has been already 
marked and expressed by the term axial and 
equatorial, according as it is either parallel or 
liraxisverse to the magnetic axis. 

2807. When a pMumognetic conductor, as 
for instance, a sphere of oxygen, is introduced 
into such amagnetic field, considered previous- 
ly as free from matter, it 
cause a concentration 
of the lines of force on and 
tlmnigb it, so that the 
i))ace occupied by it 
transmits more magnetic 
power than before (Fig. 

I)!» If, on the other hand, 
a sphere of diamagnetic 
xmtter be plaised m a sim- 
Bar Ii6ld,it will causeadi- 
Psitenoe or opening out 
of lines inthe equate- 

jliridireetion (Fig.f) ;and 
kps magnetic power wiQ 
be kmtunnittSd throuj^ 
ffbe gptm it occupies ibm if it were away. 

8868; Xit tide manner these two bodies will 
be ftamd to afibot tte 

< of oidy witiiin 

but th e 

i(M8 ie s ki oh tiie Unes passnigrtihrcMp^ tbsm are 


lines will be ih thb oontrasy dbection tm tht 
two cases. 

2809. Seeondigf they will affect the eisMiU of 
force in any particular part of the ^>aoe within 
or near them; for as every section across the 
line of such a magnetic field must be definite in 
amount of force, and be in that respect the 
same as every ol^r section, so it is impossible 
to cause a oonoentratiem within the s^ere of 
oxygen (Fig. 1) without causing also a rimul- 
taneous concentration in the parts axially sit- 
uated as a a outside of it, and a corresponding 
diminution in the parts equatorially placed, 
b b. On thef dtiier hand, the diamagnetm body 
(Fig. B) will cause diminution of the mmetic 
force in the parts of space axially placet^ in- 
spect of it, c e, and concentration in the near 
equatorial parts, d d. If the magnetic fi^ld be 
considered as limited in its extent by the^Walls 
of iron forming the faces of opposed poles 
(2465), then even the distribution of the mag- 
netism within the iron itself will be affected by 
the presence of the paramagnetic or diamag- 
netic bodies; and thk will happen to a very 
large extent indeed, when, from among the 
paramagnetic class, such substances as iron, 
nickel or cobalt are selected. 

2810. The influence of this disturbance of 
the forces upon the place and position of either 
a paramagnetic or a diamagnetic body placed 
within the magnetic field, is readily d^uced 
upon consideration and e^y made manifest 
by experiment. A small sphere of iron placed 
within a field of equal magnetic power, iMund- 
ed by the iron poles, has a position of unstable 
equilibrium, equidistant from the iron surfaces, 
and at such time a great concentration of force 
takes place through it, and at the iron faces 
opposite to it, and through the intervening ax- 
id spaces. If the sphere he on either side of the 
middle distance, it flies to the nearest iron sur- 
face, and then can determine the great^ 
amount of magnetijs force to or upon Ike axial 
lines which pass through it. 

28 U . If the iron be a spheroid, then its grea^ 
est diameter points axmlly, whether H be in 
the porition of unstable equilibrium, nearer to 
or in contact vnik the iron walls of the field. As 
the circumstanoes are now more favourable 
for the conoentiration of force in the axktl line 
passing through the body than before# ao this 
result can be produced l^much maker pax^ 
magnetics thaiU^ireii, andl bammdkrebtcould 
eerily be prodbieed by a veseel of retiyittiur nx* 
trie oxide gas (8782, 2782). 
de^ h foxxni tihouj^ not the 
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perimmt by 'wfaiA tbe magnetie ecmdUtioA trf 
bocfiaa ift mosidered aa moat tmkhrely teated. 

2812. Theretativodofioieiicy of power in dk^ 
jnBgeetia bodies renders any ati^pt to obtain 
the converse phenomena to those of iron some^ 
what diflBicuit; in order therefore to exait the 
conditions, I used a saturated solution of pro* 
tosulpbate of iron in the magnetic fieldi by 
this means I stren^hened the lines of power 
passing across it, without disturbing its equal- 
ity in the parts employed, or mtroducing any 
error into the principle of the experiment, 
then used bismuth as the diamagnetic body. A 
cylinder of this substance, suspended vertical- 
ly, tended well towards the middle distance, 
finding its place of stable equilibrium in the 
spot where the paramagnetic body had un- 
stable equilibrium. When the C 3 dinder was sus- 
pended horizontally, then the direction it took 
was equatorial; and this effect also was very 
clear and distinct. 

2813. These rdative and reverse positions of 
paramagnetic and diamagnetic bodies, in a field 
of equal ma^etic force, accord well with their 
known relations to each other, and with the 
kind of action already laid down in principle 
(2807) as that which they exert on &e mag- 
netic power to which they are subjected. One 
may retam them in the mmd by conceiving 
that if a liquid sphere of a paramagnetic con- 
ductor were in place of action, and then 
the magnetic force developed, it would change 
in form and be prolonged axially, becoming an 
oblong spheroid; whereas if such a sphere of 
diama^etic matter were placed there, it would 
be extended in the equatoriid cfirection and be- 
come an oUate spheroid. 

2814. The mtitool action of two portions of 
paramagnetic matter, when they are both in 
such a field of equiti magnetic force, may be 
anticipated, from the principles (2807, 2^), 
or fiom the correspoBci^ facts, which are gen- 
erally known. Two i^eres of iron, if retamed 
In the same cquatori^ plane, repel each other 
Stroup; butM th^ are aHow4a to depart out 
of that {dane, they first lose their mutual re^ 
Polrive force and &en Attract each other^ wd 

they do most pomiAifly when in an a 3 ^ 
directicaL,\' j • 

281& diwnaigniitge iMdiaa tiie aiati»l 
40 drtennine, becmiae 
w k wniam of 

niadium boeop;^ 

w tepet .ao^ 


bg tvo 

kmg aod bdf «B indi in dbaseter, dlitr ' 
magnetio bodies. One of these was saapeaded . ' 
at the end of a lever, vMeh was itsdf siupmd* ’ 
ed by oocoon-silk, so aa to have extreudy free 
motion, and the adjustineatB irere sudh 
when the {dwsphonis oyliader was in the oid- 
dle of the magnetie field it was free to move 
equatorially or aoroes the lines of magnetie . 
force; it however had no fsndeney to do so mUhS' 
the influenoe of the magnetic force. The otlier 
cylinder was attached to a copper wire 
and could be idaced in a fixed poation on miher 
side of tiie former cylinder; it was therefore ad- 
justed oloee by the side of it, and the two re- 
tted together, until all disturbance from mo- 
ti(m of the fluid or of tiie air had censed; then 
the retunh^ body was removed, tiie two pboe- 
phorue cylinders still keejang thw {daese, fi- 
nally, the magnetie power was Ixouid>t Into 
action, and immediatdy the movealde nylmder 
separated tdowly from &e fixed one and pase^ 
to a distance. If brought back agam whilst 
magnet was active, when left at liberty it 
ceded; but if restored to close viednity, vfhm 
the magnetic force was away, it retain^ 
ntuation. The effect toede plM» eitiier in: ^ 
one direction or the other, aemnding as tim 
fixed cylinder was on this or that side ^ the . 
moving one; but -the motion was in both eaaps 
amosB the lines' of msignetio force, and was fo- 
deed medtanioally and purposely Ibdted to 
that direction 1 ^ the mode of sui^ension. Wbto 
two Inssmth todls were jdaoed, in mtpeat of 
each otber, in the direction of tile magaotic 
axis, so tiiat one nc^t move, bAt only, in the 
direction of that axis, its idace was not senafib^ 
affected by the other; the tendeney the free 
onetogototoendddleoftheStidC^lfllovee* 
powwed any other tendency that ree% 
exist. ' '* 4 ' ^ . 44 '' 1 , 4 ., 

28lfi^Thuetorai d i a m ag n etie bodfiecii wbenl^ . 
the magivetie field, dd tndy efleet ea^otheq^ 

Iwt the reauit to ntooivoeed m its dfrection to 

that of parauHilgpatic bodies^ in bipftik, 

eaeee a^eepatothmiiff .theinidMaMee.'from- c. 
otbw.' 

2817. The eoeqmrieon of the «etu» iff jtofto- ' 
magnetieand diamagnetic boduB oneacbototf;^ 
waaeompleted fay using water aAthemeffiatotoi .. 
a fidd to flipiiJ m ag ne tic foree, and saa p e n iil bg 
a piefeeto.|>boitohoniB from the ti»idon,batoweei 
Wbetk the:itta|iimtic power maon, Ififia 
phorae waa,iepialted equatoria ll y, twibefc^'hy 
anotinr peeato ^phoapheoto tou to* 

tmoted alnte-fiOedvritoa atodaatodnto^ 
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of protosalphate of iron; so paramagnetic 
and diamagnetic bocBes attractea^othereqnar 
iotially in a mean medium, but eadi repeb 
ladies of its own kind (2831). 

f ii. CmdueHm Pdarity 
'2818. Having l^tas considered briefly the ef- 
leebs which tiie disturbance of the lines of force, 
by the jMresence of paramagnetic and diamag* 
netic bodies, is competent to produce (2807, 
Ac.)y 1 will ask attention to that which may be 
ednmdered as their polarity: not wishing by the 
term to indicate any internal condition the 
substances or their particles, but the condition 
of tiie mass as a whole, in respect to the state 
into which it is brought by its own disturlmnce 
of tiie' lines of magnetic force; and that, both 
regard to its condition with respect to other 
fxxliesinmiiarly affected; and also in regard to 
Terences existing in different parts of its own 
mass. Such a condition concerns what may be 
called cmducHiOn 'polarity. Bodies in free space, 
whm under magnetic action, will possess it in 
its simplest condition; but bodies immersed in 
other media will also possess it under more com- 
plicated forms, and its amount may tiien be 
varied, being reversed or increased, or dimin- 
ished to a very large extent. 

2819. Taking the simplest case of paramag- 
netic polarity, or that presented in Fig. 1 
(2807), it consists in a convergence of the Unes 
of magnetic force on to two opposed parts of 
tiie body, which are to each other in the direc- 
tion of the magnetic axis. The difference in 
character of Ibe two poles at these parts is 
verf great, being that which is due to the 
known difference of quality in tiie two oppo- 
tile directions of the line of magnetic force. 
Vtnbether polar attraction or repulrion exists 
nmOngst .paramagnetic bodies, when they pre- 
. sent mere cases of conduction (as oxygen, for 
instance), k not yet certain (2827), but it prob- 
ably does; and if so, vdll doubtless be consist- 
ent with tbe attiaction and r^ulsion of mag^ 
wtg having oorrespmident poles* 

: 28S8. Wam ire eonsid^ the conduction po- 
! larity of a diamagnetic body, matters appear 
eitogetber It has not a polarity like 

tiuit of a |iaissnn#etic subsUmce, or one the 
meimievemXki isMsie ordirecticm of tiie 1^ 

, I, Weber and 

/ 1^ (2640), but a 

of its owmaltogelwr^o^^ Its polarity 
wcspstsota divergenoe of the lines of powier 
dig to, or a oshvergeBioB from the parts, w^ch 
: JlHbig are m the'directioa of the mag- 


netic axis; BO that th»ie poles, having the some 
general and opposite rektions to e^ otiher, 
which correspond to the differences in thepdes 
of paramagnetic bodies, have stiU, under the 
circumstances, that striking contrast and dif* 
ference from the polarity of the latter bodies 
which is given by convergence and divergence 
of the lines of force. 

2821. Let Fig. $ represent a limited mag- 
netic field with a paramagnetic body P, and a 
diamagnetic body D, in it, and let N and 8 rep- 
resent the two walls of iron associated with the 
magnet (24^) which form its boundary, we 
shall then be able to obtain a clear idefii of the 
direction of the lines of magnetic fore# in the 
field. Now the two bodies, P and D, camot be 
represented by supposing merely thi^ they 
have the same polarities in opposite directions. 
The 1 polarity of P is importantly unlike the 3 
polarity of D ; but if D be considered as having 
the reverse polarities of P, then the one pola^ 
ity of P should be like the 4 polarity of D, 
whereas it is more unlike to that than to the3 
polarity of D, or even to its own 2 polarity. 



2822. There are therefore two essential dif- 
ferences in tiie nature of the polarities depend- 
ent on conduction: the difference in the direc- 
tion of the lines of force abutting on the polar 
surfaces, when the comparison is with a mag- 
net reversed, and the difference of convergence 
and divergence of these lines, when compai^l 
witii a magnet not: reversed; and hence a dia- 
magnetic body isunot in that condition of po- 
larity which may be represented by turning a 
paramagnetic b^y end for end, while it re- 
tains its magnetic state. 

2823. Diamagnetic bodies in media more di- 
amagnetic than themselves would haave tiie 
polar condition of paramagnetic bodies 

land in like mamer paramagnetic oond^^^ 
in media more parama^oi^ic than timnaselyee 
would have the polarity ol cUama^etic 

2824. Betide^ these differences 

must have tin eondition, ^ 

the two dkases comluctois, woald be 
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the equatorial pd«rt of P 6) is alUee in po- 

lar ration to the body P, or to l^e Hues of 
force in the surroundmg and there is a 
like correspondence in the equat(^l parts of 
I>, either to itself or to space; bat these parts 
in P or in D differ in intensity of power one 
from the other, and both from the general in- 
tenrity of the space. Such equatorial oonchtions 
most, I think, exist as a consequ^ce of the 
definite character of any given section of the 
magnetic field (2809). 

2825. Though the experimental results of 
these polarities are not absent, still they are 
not very evident or capable of being embodied 
in many striking forms; and that because of 
the extreme weakness of the forces brought in- 
to play, as compared with those larger forces 
exhibited in the mutual action of magnets. 
Hence it is, that the many attempts to show a 
polarity in bismuth have either failed, or other 
phenomena have been mistaken for those prop- 
erly referable to such a cause. The highest, 
and therefore the most delicate, test of polarity 
we possess, is in the subjection of the polar 
body to the line of direction of magnetic forces 
of a very high degree, when developed around 
it; and hence it is, that the pointing of a sub- 
stance between the poles of a powerful magnet 
is continually referred to for such a purpose. It 
would be, and is utterly in vain to look for any 
mutual action between the poles of two weak 
paramagnetic or diamagnetic conductors in 
many cases, when the action of these same 
poles is abundantly manifest in their relation 
to the almost infinitely stronger poles of a pow- 
erful horseshoe or electro-magnet. 

2826. 1 took a tube o (Ftp. ^), filled with a 
saturated solution of sulphate of cobalt, and 


V suspended it between the poles of the 
great electro-magnet; it set readily 
and well. Another tube, 6, was then 
filled with a saturated solution of 

A sulphate of iron, and being associ- 
ated with the S pole of the magnet, 
was brought near the cobalt tube in 
the manner shown, but not the 
lightest effect on the position of a 
Kg. 4 "was observable. The tube b was 
changed into thepositionc, todouble 
effect that mi^t be present, but no trace of 
^tual aetbn between the poles of aand h was 
^We(2819). 

To iactease tiio affect, tiie magnetic 
■ritttion tube was suspended in water, as a 
good dian^t;|psLeti<rmedfonni between fla^aoed 
poles it pdlnb^ welL Two botties 


/h 

Kg. 4 


saturated Sdution of sulphate of iion were 
placed at d and e, but tb^ did not alter &e 
sition of a; bring remov^ into the positioas / 
and p, neither was any sienrible altem^n ctf 



the position of a produced:! 
made the samekind of exper- 
iment with an air-tube in 
water, in which case it pomts 
axially (2406) , with the same 
negative result 1 do not 
mean to assert that there 
was absolutely no effect pro- 
duced in these cases (2819) ; 
butif any,it must have been 
inappreciably small, and 


shows how unfit such means 


are to compare with those 
Fig 5 which are supplied by ttie 
pomting of a body wh^ 
under the influence of powerful magnets. If 
polarity cannot be found by these methods in 
paramagnetic bodies so strongly influential as 
saturate solution of iron, ni^el or cobalt, it 
can hardly be expected to manifest itself by 
analogous actions in the much weaker cases of 
diamagnetic substances. 


2828. When a spherical paramagnetic con- 
ductor is placed midway in a field of equal mag- 
netic force, it occupies a place of unstable equi- 
librium, from whi^, if it be displaced ever so 
little, it will continue to move until it has 
gained the iron boundary walls of the firid 
(2465, 2810); this is a consequence of its par- 
ticular polar condition. If the sphere were free 
to change its form, it would elongate in the di- 
rection of the magnetic axis; or if it were a sol- 
id of an elongated form, it would x>oint arially, 
both consequences of its polar condition (281 1) . 

2829. So also in the case of diamagnetic bod- 
ies, their peculiar condition of pola^ty is showst 
by corresponding facts, namely, by a spherical 
portion having its place of stable equilibrium 
in the middle of the ma^etic field (2812), by 
a fluid portion tending to expand equatorially 
and become an oblate spheroid (2813), and by 
the equatorial pomting of an riongated poi^ 
tion (2812). If prints magnetic pries am' 
used, then the effects are vety much stirongm^ 
but are exactly the same in kind, and 
pendent upon same cansea and priar eon^ 
ditions. 

2830. Ihere are another set of eSbris 

duced, wlnri^ m^e either tibe resrits of tike 
polarity Just jpefexred to, or rises may be murid- 
ered.as eonsequenees of tim 



e^tariii'pi^of two 

biBsiCl irQn,.m a field of foit^ 

kiok jdne at 'ri^t aitf^ee to the line ofioree, 
i^e.i watiEt t&eir equatorial parts in juxtaposi- 
iion^ B^Marate from each c^er with ooneMer- 
idilja ROKW (28li)t and the probability is lhat 
tiro infitti^ wealser bodies of the paramag- 
iielaloolaiBS would separate in Uke manner: Two 
tiOHSons of phosidumiB, bang a diamagnetic 
flK^tanoefi have been found also to separate 
tmd^ the same cireumstances (2815). 

2831. The motions here are of the same kindy 
irhereaa they might have been expected to be 
xeveme (2816) of each other; still they are 
perfectly consistent* The diamagnetics ought 
, to sepaiute, for the field is stronger in lln^ of 
ml^pQetie force between them thim on the out- 
jll 4 d ^9 SB may easily be seen by considering the 
two spheres D D Jn Fig, 6; and therefore this 
motion is consistent, and is in accordance gen- 
edafiy with the opening or set equatorially, 
either of separate portions or of a oontmuoua 
mass oi 8u<^ substances (2829), in their tend- 
e»ey to go from stronger to weaker places of 
jaot^h. On the other hand, the two bails of 
iron, P P, have weaker lines of force between 
tii^ than on the outside; and as their tend- 
em^kto pass from wealw to stronger places 
0 faction, &eyabo s^arateto fulfil ^e requi- 
site cemditton of equilibrium of forces. Finally, 
apteamagnetic and a diamagnetic body attra^ 
each other (2817) ; and they ou^t to do so, for 
the diamagnetic body fin(b a place of weaker 
action towiGuds the paramagnetic body, and 
. the paramagnetic st^temse finds a place of 


tklesi and tiMs pedsnty is esssntiidly depend- 
ent upon the pofwer wfaiida^ the ma^nd inhere 
ently poesesi^ It, as well as the power wl^h 
produces it, is of such a nature, that we cannot 
oonotive a mete space void of matter to pos- 
sess either the one or the other, whatever form 
that space may be supposed to have, or how- 
ever strong the fines of magnetic force passing 
across it. The polarity of a conductor is not 
necessarily of this kind; is not due to a deter* 
minate arrangement of the cause or source of 
the magnetic action, which in its turn ove^ 
rules and determines the special direction of 
tibe lines of Mrce (2807) ; but is simply d oonse- 
quence of the condensation or expamon of 
these lines of force, as the substance unJp con- 
sideration is more or less fitted to conv^ their 
influence onwards. It is evidently a veiry dif- 
ferent thing to originate such lines of 'power 
and deterfnine their direction on the one hand, 
and only to assist or retard their progression 
without any reference to their direction on the 
other. Speaidng figuratively, the difference may 
be compared to that of a voltaic battery and 
the conducting wires, or substances, which 
connect its extremities. The stream of force 
pasm through both, but it is the battery which 
originates it, and also determines its direction; 
the wire is only a better or worse conductor, 
however by variation of form or quality it 
may diffuse, condense, or vary the stream |of 
power. 

2833. If this distinction be admitted, we have 
to consider whether iron, when under the in- 
fluence of lines of magnetic power, becomes a 


actipii^ih the vidnity of the diamag- 
body, D Fig. 6. 



Fig. 6 


SB82. 1 have frequently spoken of iron b it* 
iijniaratioii of the aotfam of paramagnetic cem- 
dnotms, and ecuMddered the polarity which it 
aoqiiirai ek the seme with that of theee eon* 
duetom; but I imisl now make dear a dietino* 


Ibii, which aaieto in 

the polarity of a magnet, aitd the polarity, as 1 
:}mve called it^ 4ne to niere coaduetioa; Thk 
jdAtbetion has an ioa|Mn4mit in the 

iftiljirf iraa. A 

il jlttMMMid tiio byiti |MV. 


magnet and haa its proper polarity, or is a 
mere paramagnetic conductor with conducting 
powers of the lug^est possible degree. In the 
first place, it would have the teal polarity of 
the magn<rt, in the seoond only that which I as- 
sign to oxygen and otiter conducting bodies. To 

my mind ^e iron is a magnet. It can be raised 

as a actuws of lines of magnetic power to an ex- 
treme degree of iSergy in the dectro-magnet; 
and thoufdii whoa very sc^, it usually loses 
ndariy all ti^ power upon tite caasation the 
deetrio current, yet si^ is not tlM earn if tiie 
mass of metal fonns a oontinuous dreuit or 
ting, for then H can retain tiie force for hoiw 
and weeiBB totethcr, «od k evidentiy for 
time as oagiM anonn of power fodsprad^^ 
of any vdtaio current. Hence I think tbat^ 
iron under tim iafiiMnee of lioM of 
power beaomel * magnet; and thoui^ it 
has il»«Mne Idad of M 

SB A itteM ii^b|cc( ^ 
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the lo)^ atS With a |p«Kt 

f^<^;forH^iotniHdpartideB-<tfiKnbe' 

Dette> K> pbfairity k wndated 

bised together!]^ a pdariribi^, wladi, bting 
ii^idti^ taoiA uiteose, itaay also be vny dif> 
ferebt^ the tSepoeMoa of ile itoee in iMenat 
parts, to that equimalttit to pdaiitir, whibh h 
mere ocnodiiotOT possesses. 

2834. It a{^>eari8 to me also as very probable 
that when iroa, aickd and cobalt, are heated 
up to the raspective temperatures at whadi 
th^losetiidirwondKfuldegree of power (2347) 
and retun onlyeo snail a portion of it as to ro> 
quire the most sensible test to make it mani- 
fest (2343), they then have passed into tiie con- 
dition of paramagnetic conductors, have lost 
all ability to acquire tiiat state of internal po- 
larity they could assume as magnets, and now 
have no other polarity than that which belongs 
to them as masses of paramagnetic matter 
(2819). It is also probable that in many states 
of comUnation these metals may take up tiie 
mere conducting state; for mstaace, that whilst 
in the protoxide, iron may constitute a magnet, 
mthe peroxide it isonly ao<mductor;andintius 
respect it is not a littie curious to find oxygmi, 
which as a gas is a paramagnetic body (2782), 
reducing iron down to, and indeed fur betow 
its own conditi(Mi, woght for wol^t. In tiiur 
various salts also and solutimis, tirese metals 
may, in conjunction with the comlnned mat- 
ter, be acting only as conductors. 

2835. PmrMps I ou^t not to have called the 

condition oi (xmcuitratioB or expantion of the 
lines of magnetic force in the bodies acthig as 
conductmrs a polanty, masmudi as tine mag- 
netic polarity depuidB essentially and entirely 
on the direeHon of tiie line of force, and not on 
uy mere oompresdon or ditieigraiee tiiese 
U^, I have done so only that I mi^t poirit 
withtiw mme fai^rty to facts and views tiikt 
have heretofore beus aseodatedwith 'smne sup- 
posed pdarity in tiie bodies whidi, wither 
panmugne^ or diamagnetic, 1 iwve beui eon- 
ddei^ aemoe eonduetors, and I Irape that 
eo mirtakB of aty mesning will unse in conse- 
quence^ I have already edced for sudi liberty 
»nti» Use of phmses (Itnsi cB«dtteft«p 

Pouer, (kp.) ( 2 | 4 », ‘0VI) ae nisy, for the tiiM, 
*ot me hee from the bondage d preconceived 
®'>ti&as; iheae ere^; fty -^t very reaeqo, e»- 

- hot or 'Ineena^ 


^ iseltyteMAtaiaa Of &eti. 


f ii}. JfopnsetysfolfB^CMhietion* 

28%. Ihe beatrtiful loieardies of Httaher in 
reUtiontomagn«wptic|d>aiBoni«na nannotlnavo 
been forgotten, and 1 hi^ tiiat my own eiqieiS' 
imente on magneeryatallie teenHs (2464, Ae.) 
are rornembei^ in eonjunotimi with his; ^ 
phenomena deeoribed Ity vs are, aa I belief 
due to a common eause, anl an tiie nun* ib 
kmd; and as far as tiiey an preaekited by pan 
transparent bodies, an I think brouf^t M 
Pltkcker into a proper niation to the poeiim 
and negative optic uds of suoh bodies.* In these 
cases a mystidline body sets powerfoltyt at 
takes up a puticular position when placed in a 
fidd of magnetic force (2464, 2479, 2560), witii- 
out reference to its paramagnetic or cfiamagr 
netic character (2562), and dso without as- 
suming any state odiich it can on its removal 
bring away with it (2504). 

2%7. If the idea of conduetkm be iqiplied to 
these magnemystallie bodia, it would seem to 
satisfy aU that requires explanation in thdr 
special results. A magnemystallie BubstaoM 
would then be one wMch in the mystidliied 
state could conduct (mwards, or pennit the ext 
ertion of the magnetic force with mon fhoiiity 
in one direoticm than another; and that dbco- 
tion would be the magnecrystallic axia. Hence, 
when in the magnetic field, the mi^peerystaHie 
axis would be urged into a position ooincadent 
with the magnetic axis, bysforcecorrespoadmit 
to tiiat difference, just as if two different bodies 
were taken, when the (me with the greater ooD- 
ductlng power dieplaoee that whi(£ is weaker. 

2838. The effect of position would thus be 
accounted for (2586); and dso the greater apt- 
ness for magnetic omduction in one direction 
than in another (2588, 2591) : and, what ap- 
peued to me as an aao^y in the suppotitioo, 
that a line of fence could have teferenae mdif- 
fmentiy to soy part of a plane (2600) (ffsap* 
pears. That l^t should tdre away this eoh^ 
daetingpower(2570)seemedperfectiycontist- 
ent wiw what we kn^ of the effect (ff hssi ok 
the magnetic eotutition of iron, otygen, iedt 
and also upon the conducting power for eleq» 
tri<atyineoch<iaeeBasplittinum,8ul|d«iretof<li- 
vm, Ac. I1na%, tin sasumption clid not ainpNMr 
ineonsbtent with the sinte wh»fii the lAKfar 
seems to tMsuine ten the time during vririeh m 
is uxuler the Magnetic fence (2609, iai.). 
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28394 But if mA a vim wm correct^ it 
would al^pear to follow that a diamaguetic 
body liko falsmuth ought to be loss diamagnetic 
whcra its magnecryB^dliC' axis is parallel (as 
nearly as may be) to the magnetic axis, than 
when it is perpendicular to it. In the two posi- 
tions it should be equivalent to two substances 
having different conducting powers for mag- 
netism, and therefore, if submitted to tiie dif- 
lerential balance, ought to. present differential 
iribenomena, corresponding in kind to those of 
. oxygen and nitrogen (2774) , or phosphoius and 
biirndth, or any other two c^eiing bodies. 
Though 1 have given certain results on a for- 
mer occasion wMch seemed to bear on this 
. point (2551, 2552, 2553), they are not satis- 
factoiy in the present state of our knowledge, 
because the difference, if any, would be small 
'(2552), and quickly hidden by the emplo 3 ntnent 
of a single pointed pole. Other experiments, 
formerly described (2354-2561), would not 
show a small difference in diamagnetic force 
(though quitefitted for their intended purpose), 
because they were made with flat-faced poles, 
and a held nearly equal in magnetic power. 

2840. Ihe differential torsion balance (2773) 
enabled me to return to this matter with bet^ 
ter hopes of success. A consistent group of bis- 
muth crystals was selected (2457) and hung up 
on one side of the double cone core (2738), 
whikt a cylinder of flint-glass was opposed to 
it on the other. The flint-glass was to be a stand- 
ard of reference, and theref(n*e neither its 
place on the balance nor condition was altered 
. during the experiment. The bismuth group was 
fdaeed with its magnecryatallic axis horizontal, 
and so that it could be turned in a horizontal 
; plane, that the axis might be at one time par- 
! alld to the magnetic axis (or lines of force), 
and at other times perpendicular to it, but with- 
out any alteratbn of the distance of its centre 
of gravity fr<»n tiie opposed glass cylinder^ 
Hence, having either one position or jbe other, 
could still be compared with the cylinder. 

. 2841. Ibemagneerystallicaxiswasfmst made 
pamllel to the core or magnetic axis, the mag- 
netic powm devdoped, a^ when the diamag- 
nettebodieii had taken their position of rest or 
sfoUe equilibrium,. ti»e place of the balance 
lever was itAserved jtnd recorded by meaius of 
a my of reflected from a mirror attached 
to |bt Th^ the bismuth was turned through 
or.ug^ asds was p^ 

pendbdla^ to the asds of tbe double cone com; 

yimi tbe m^t^'w^kS exdt^, fbe 
ot the bismutii was found to be fartimr 


out from the core tban before. On being tinned 
through 9(f more, so as to be in a position di-r 
ametral to the first (2461), its place was.agaia 
a little nearer to the magnet; and when in the 
fourth position, which is diametral to the sec- 
ond, then it was farther out. Thus the orys- 
tallized bismuth proved to be diamagnetic in 
different degrees, according with certain diteo- 
tions of its magnecrystalUc axis, being mors 
diamagnetic when this axis was perpendicular 
or tmnsverse to the lines of magnetic force, 
than when it was parallel to them;and thus the 
expectation founded upon theoretical conrid- 
erations (2839) was confirmed. I 

2842. 1 tried to obtain similar results with a 
cube of calcareous spar (2597) ; for it is evident 
that if its optic axis, being in a hoi^ntal 
plane, is first placed parallel to the m%netio 
axis and then perpendicular to it, the body 
ought to be more diamagnetic in the first por 
sition than in the second, inasmuch as the lat- 
ter is the position which it takes up under the 
influence of its magnecrystallic or magneoptic 
condition. I could not however obtain any dis- 
tinct results, partly because its power is in aJ} 
respects very inferior to the bismuth, partly 
because of the present imperfection of my to^ 
sion balance, and partly because of the size 
and shape of the calcareous spar. A sphere or a 
cylinder, having the optic axis perpendicular 
to the axis of the cylinder, would be more co^ 
rect as forms of the substances to be tried. 

2843. In concluding this part of the subject 
relating to the magnetic conducting power, 1 
will now refer to some of the cases which I 
thmk experimentally establish its existence in 
the two subdivisions of magnetic bodies (2805). 
The place and position of iron in a field of 
equal force (2810, 2811) is no doubt a result of 
the extraordinary power which this body has 
of transmitting ma^etic force across, the 
space whidh it occupies, whether the particlee 
of the iron be considered as polar or not (2832), 
and tiierefore I accept the converse phenemeoa 
as to place and , position of a diamagnetic body 
(2812, 2813) as proof that it has l^s power of 
transmitting the magnetic force than the space 
it occupies, and from that conclude that it con- 
ducts ^amagnetiddly (2802) . 

2844. The separation of paramagnetic bodke 
in the equatm'ial direction is a proof of 
mfmner in wWeh, by their better co»duetipf» 
they disturb Ike position of the lines of 

the medium ajpwnd thwn (2831). 
tion of two diana^pneticbod^ 
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ehtmnuii»iioe8,i»aiie^ of the manner 

in which, diff«PCTtce of conductmg power, 
they also disturb the disposition of the force 
(2^1)* The equatorial attraction of a parar 
magnetic and a diaismgnetio body for each 
other, when they are in a medium, which in 
conducting power is between the two (2831) 
is a proof not only of conduction in both but 
aho of their reverse condition in reject to each 
other and the medium. 

2845. The place of a crystal of bismuth, ei- 
ther nearer to or farther from the magnetic axis 
(2841), according as its magnecr 3 rstallic axis is 
parallel or perpendicular to the axial line, is 
also a case of the difference of conducting pow- 
er, and therefore of the possession of that pow- 
er by the diamagnetic body. Many other cases 
might be quoted in illustration of the existence 
of that power which I assumed as conducting 
power (2797), and which probably nobody may 
be inclined to deny. I will suppose that the 
above are enough to explain my meaning. 

2846. It is hardly necessary for me to say 
that magnetic conduction does not mean elec- 
tro-conduction, or an 3 rthing like it. The very 
best electro-conductors, as silver, gold and cop- 
per, are below mere space in their ability to fa- 
vour the transmission of magnetic force, so de- 
ficient are they in what I have called magnetic 
conduction. There is a striking analogy be- 
tween this conduction of magnetic force and 
what I formerly called specific inductive capac- 
ity (1252, &c.) in relation to static electricity, 
which I hope will lead to further development 
of the manner in which lines of power are affec- 
ted in bodies, and in part transmitted by them. 

i 33. Atmospheric Mctgneiism^ 

% 1. General Principles 

2847. It is to me an impossible thing to per- 
ceive, that two-ninths of the atmosphere by 


1 A iDost important paper by Professor Christie, 
On the Theory of the Diurnal Variation of the 
Magnetic Needle,'* appears in the Phihaophieal 
TmnaaetioiM for 1827, p. 308. Led by the discoveries 
of ^beck in thermo-magnetism and the experiments 
of Gumming, he was induced to search how far the 
Idea of thermo-currents or thermo-magnetic polar- 
Would apply 4o the natural phenomena, and con- 
cludes (p. 327), that, admitting that the awrih md 
(AimvpkeTs are substances in which such action 
oan under any otrcumstanoes take plaoe^ these ex-^ 
Penments would indicate that any portUm of ^ 
earta bounded by parallel pUtnea wh the atmosphere 
nirrounding tf, nmdd become wknUafly poktriaed if 
ow part were more heated lham another » Thus oqpsid- 
J25*-^ne equatorial regions of the eo/rth^, are 
have two mognetie poles on the norths s%de\ 
^ ^ ^ ^ ssmitorfy popM; 

JJw poles c/ mffereninames be^ opposed to each other 
^weontraruaideei^thee^S^ 


weight, ia a body; 

great in its^ magnetic dtamcfter, by 

variation^ in its phye^ con^tioiis of tempei^ 
ature and eondensatibn or rarefaction (27^j 
and at the same timesubject to these physical 
changes in a high degree, by aimual and diur^ 
nal variations, in its relation to the sun, without 
being pemiaded that it must havemuefa to do 
with the disposition of the magnetic forces u|i- 
on the surface of the earth (2796), and may 
perhaps account for a large part of the annual, 
diurnal and irregular variations, for lAort pe» 
riods, which are found to occur in relation to 
that power. I cannot pretend to discuss this 
great question with much understanding, see- 
ing that I have very little of that special ImoW’- 
ledge which has b^ accumulated by the ex- 
ertions of the great and distinguished labourers, 
Humboldt, Hansteen, Arago, Gauss, Sabine, 


I ought to refer the readers of my paper to a the- 
ory of the cause of the daily variations by M. A. de 
la Rive, founded upon the idea of thermo-electric 
currents in the atmosphere and earth; it wifi bC 
found in a memoir entitled ^*On the Diurnal Vmia* 
tion of the Magnetic Needle,'* Annales de Chimiet 
1849, XXV, p. 310. 

A friend has recently called my attention to all 
observation by M. £. Becquerel, which has refer^Mse 
to the present subject, and is in the following words. 
*Tf we reflect that the earth is encompass^ by k 
mass of air, equivalent in weight to a layer of mer- 
cury of 30 inches, we may inquire whether such g 
mass of magnetic gas, continually agitated and sub- 
mitted to the regular and irregular variations of 
pressure and temperature does not intervene hi 
some of the phenomena dependent on terrestrial 
magnetism. If we calculate in fact what is the mai^ 
netic force of this fluid mass, we fiiid that it is equiv- 
alent to an immense plate of iron, of a thickness a 
little more than Vioth of a millimetre of diameter (?). 
and which covers, the whole surface of the globe/’ 
This passage is at pp. 341, 3^, of Vol. XXVin« 
Annoles de Chimie^ 1850, being contained in an ex- 
cellent memoir, in which the author has well worked 
out those differential actions of different medig; 
which I developed generally fixe years ago; JBxperi^ 
mental Researches, 2357, 2361, 2406, 2414, 2423, Ac. 
By such means he has rediscovered tho magnetio 
character of oxygm and taken measurements of its 
force, being evidently unacquainted with the aooQUS|t 
that I gave of this substance in relation to nitrogist 
and other gases three years ago, in a letter publiidM 
in the Philosophical Magasine lor 1847, Vol. XXIy(, 
p. 401, and also in Boggendorifs Anncdm and dse- 
where; hence the obswvations above. I cannot won- 
der at this, for 1 myself wasnot aware of M. B. BeOr 
querel's paper until ve^y lately. In my letter of 18w« 
I speak of oxygen as b^g magnetic in common 
p. 410; in carbonic acid, p. 414; in coal gas, p. 415; 
in hydrogen, p. 415, its power then being equu to its 
gravity. 1 say that air owes its place to the oxygen 
and nitrogen in it, p. 416, and tried to separate 
constituents by attracting the oxygen and repmng 
the nitrogen. At the end of the paper 1 hesitate iads- 
dding where the true lero between magnetio and 
diamagnetic bodies is to be placed, and refer to ihe 
atmosphere as being liable to affections under tins 
magnetic influence of the earth. It was these old re- 
sults which led me on to the present researehee. 
— M. F. Nov. 28. 1850. 




mA wimf iMimf irbo^ hm mtmiSai m 
oixsiy tiOErx'^st^ magi^ettoi ^r 
of tQ0 wlsuole eailb. But ad it has faUeu to my 
tot to introduco certaiu fimdameutal phyeacal 
fMSi Skid as I have ziaturally thouids^t mudi 
upon the general principles Which tend to es- 
tablish th^ relation to the magnetic actions 
ot toe atmosphere^ 1 may be allowed to state 
these principles as well as I caHi that others 
inay ^ plae^ in possession of the subject. If 
toe principles are right, they will soon find their 
special application to magnetic phenomena as 
they occur at various parts of the globe. 

S^8. The earth presents us with a spheroid- 
al body, which, consisting of both paramagnet- 
ic and diamagnetic substances, disposed with 
much irregul^ty as regards its large divisions 
of earth a^ ocean, are also equally irregularly 
jlidpoeed and inteWngled in its smaller por- 
tions. Neverthdeas it is, on the whole, a mag- 
net, and, as far as we at this moment are con- 
cerned, an original source of that power. And 
toou^ we cannot concdve at present that all 
toe particles of the earth contribute, as sources, 
to its magnetism, inasmuch as many of them 
are diami^etic, and many non-conductors of 
dectric currents, yet it is difficult to say that 
any large portion is not concerned in the pro- 
duction of the force; hereafter it may be neces- 
8ai7, perhaps, to consider certain parts as mere 
conductors, i.e., as parts merely permeated by 
toe lines of force, origixiating el^where, but for 
present the whole may assumed, accord- 
ing to the theory of Gauss, as a mighty com- 
pound magnet. 

2S49. The magnetic foim of this great sys- 
topi ie disposed with a certain degree of regu- 
larity* We have the oi^rtunity of recognising 
it only as it is exhibitkl in one dieU or surface, 
being very irregular in form, is always 
dm same to us, for we rarely, if ever^ pass out of 
ft; or if we do, as in a balloon, only to an insen- 
likie extent. Hiis is the surface of toe earth 
ahd water of our planet. The ma^etic lines of 
loroe wfaidh pass in or across ihU vwrface are 
madb to us, as respects thdr (firection 
and intewtyji by todr action <m nnall stand- 
megnete; but their avmn^ 
fteporary variations hehtio or otooe, i.e., in the 
m above, or the earth beneath, are only dimly 
1^ variations of the force at themnv 
tooe <rf toe earth, einf these variations are so 
ftndted to ihdi^ intoiwtotioa, that they do not 
KUi US whether toe eatispii above or bdow. 
The lines of force 


eutinitixaneepcmdtogdeg^ 
toettoe to and coetosto wito eato other 
equatorial paita. Their genend dispodtion is 
lepresentedbythesystemrwhidi emanates from 
a ^obe having within one or two short magnets 
adjusted in lotion to the axto There seems 
reason to bdieve, from the analogy of such 
globes to the earti^ tiiat the lines of magnetic 
force which proceed from the earth retmn to it ; 
but in their circuitous couxse they may extend 
through space to a distance oi many ffianu^rs 
of the earth, to tens of thousands of miles. 
Messrs. Gay-Lussac and Biot, in their asemt to 
aballoon, perceived someindicationofadiminu- 
tion in thd ihtensity of the magnetic fof ce at a 
bright of about four miles from the surface; but 
we shall shortly perceive that they mignt be at 
the time in the midst of influences sufficient to 
account for all the effect, so that nonh of it 
might be occasioned by removal from theeartii 
as a magnet. The increase of the intensity of 
the magnetic force, as we proceed from the 
equator towards the poles, accords with the 
idea of the enormous extension of this power. 

2861. These lines proceed through space with 
a certain degree of facility, of which a general 
idea may be gained from ordinary knowledge, 
or from experiments and observations former- 
ly made (2787). Whether there are any circum- 
stances which can affect their passage through 
mere space, and so cause variations in their 
condition ; whether variations in what has been 
called the temperature of space could, if they 
occurred, alter its power of transmitting the 
magnetic influence, are questions which can- 
not be answ^ed at present, although the lat- 
ter does not seem to be entirely beyond the 
reach of experimmit. 

2852. This space forms the great abyss into 
which sudi lines of foroe as we are able to take 
cognisance of by our observing instruments, 
which issue from the earth, proc!^, at least at 
all parts of the globe whm there is a sensible 
djp- But, as it weie, between the earth and 
this space, there ^inteiposed the atmosjftoere; 
which, however conridomble we may estimate 
it in height, is so small when compi^ to the 
rise of the eaito, or to extent of s^s be- 
yoori it into w^h titolfi^ rif forc^ pator tihat 

toe kiea of its bring a chaugeitote, active some- 

exttorive ^ stiNbdy to toeir na s«d eon- 
ditiau, wti not lead to any serious errorl It Is 
at the bottom, of this atinospbere that we live 
and make iffl toqustiesj by 

vation or expriftotont.^ 







2888. BtmiqihM ocmdsto 
are oottoemed et preaeni, of foot volumee of 
niixQgBii aad one vrdniae of oxygen, or by 
veij^t, of three and A half ports of the fbnner 
and obe part of the latter..Theae eubstances 
arenearlyunifonnly miked throug^iout, so that, 
as regards their manner of investing the earth, 
aet magneticaUy as a sin^ medium; nor 
does there seem to be any tendency in the ter- 
restrial magnetic forces to cause thtir separa- 
tion,* though they differ yeiy strikingly in their 
coni^ution as regards this power. 

2854. TAe mtropen of the sir does not appear 
to be eitiier paramagnetic or diamagnetic; if 
removed from sero, in either of these respetris, 
it is only to a very small extent (2783, 2784). 
Whether dense or rare, it has apparently the 
same rtiation to and equality with space, as 
far as the presmit means of observation have 
proceeded. As respects the other element 
change, namely, temp^ture, I concluded, from 
former imperfect experiments,* that nitrogen 
became more diamagnetic when heated than 
before; but as it was then mixed with the oxy- 
gen of tile air, and the results were ming^ to- 
gether, 1 have, for the purposes of the present 
research, repeated fhe experiments far more 
carefully. 

2855. A small htiix of platinum wire, fixed at 

the end of thicker copper wires, could be placed 
in any position beneath tiie poles of tiie great 
electro-magnet, and bang ignited by a vdtuc 
battery, swved to raise the temperature of the 
gas around it. The magnetic poles were raised; 
were terminated by hemiq>heres of soft iron 
0.76 of an inch in diameter and 0.2 of an inch 
apart; and were covered by a glass shade, rest- 
mg upon a thick flat bed of vulcanised caout- 
chouc. A tube passed through the bed, liring 
up to the top of the (hade, by vhich any re- 
quired gas could be introduced. A very thin 
plate of mica, about 3 inches square, was cov- 
ered an attenuated coat of wax on the up- 

per od^ and fixed horiscmtally over the mag- 
uetio p(fies within the shade. The amall plat- 
inum helix was so {daoed as to be beneath the 
upace, between the pdee, and a little mi one 
sUe ^ the ardal Mae, so that a current (ff hot 
^ nsing i^rwasds fitem it, could paas to the 
?*>uuihrte, aadi by snltiiig the wax show where 

n caiire agiuait tiM iniea. 

2866. AU acM exceedingly well, uir bting te 
^ ^bss ihade. When there was no/magnetio 

1847, Vel. ibCtt p. 


power on, Ite hot ak bote timlgsited faiefix lote 
perpendicularly, and mtittld a neat touad por- 
tion of the wax, ihowii^ tile place of tire 
rent un<i» iiatural ekeuarstances; but wfatla 
the mapiet was tirrdwa kho action, 
wax cm the mica remained unchaag^ 
ak bong thrown so far aw^ kom the arm' 
Mne, and «6 cooled by HsiordUemixtuie 
the neighboarmjg air, as to be unable to melta 
spot of wax anywhme. Ihe moment the mag- 
netic power was sunmnded, the cdumn:'of h^ 
air rose vertically aiid'regahwd its origdnai pc^ 
ntion. '» 

2857. Carbmie adid gm was then sari: iiitp . 
the shade, until twice as much as tire contents 
of the shade bad passed through the '^pe 
(2855); but as it was heavy and the oommien 
ak could nudse its way out only at the bottom 
of the shade, timre was no doubt ak iidxed 
witii the carbomc add, which at last reDsained 
about tire petiee. The {datinum ooM being now 
heated, the colunm of hot gaa roee vorticiify, 
as before. On putting on the magnetic force it 
was d^eeted hxm the axial Mne, passing cqua- 
torially, and mdtod tire wax about half aakuh 
off from the termer {dace. Bdieving that evtii 
this effect might be clue to the ak minted with 
the gas, othm two volumes of carbonic aekl gas 
were directed into and tiirou^ the vessel: 

«r this the magnetic force caused much less 
flection of the rising column. Two votumse.. 
more of carbonic acid were sent tbrou#; Pad 
now the hot currmrtof gas rose so neat^ vei#- 
oal that tiiere was socurctiy any sensibie d^ 
feroioe of its jdaoe when the magnetic pounar 
was in full action,- or-wken it was entiiekl Ab- 
sent. Hence I ocmedude (bat earbonio aicddgia 
is very little, affected m its diamagateie 
tions by a differaioe of tanpautteewquift 
that h^eeirlnaituial ten^teatureeaacliK'te^ 
red heat. 

2658. Ibirgae' was inepsitil ! ^ 

passing commmr ak tbntiy uwhr toniing^id^. 
phorus, and afite brii% testbed for twtiubte. 
fourteen hours, was sent into the ebade w ae'te 
cMspiaoe tire earbonio add. As it was' liidrite 
tinm tire latte’;' ri^ pe^enmed Ibat 
weUi'Siid lernamkgte 

pixd^yeisaitaitted'tetoibtetejqgh’orldi^^ 
that it eantel b wtib it. Ibk tdtirugtekitt 

iacMeraBd)-te'.:^mijigtiet as 
The heated edhinm rose (neaitjr) Itidiie'SHBte- 
spob agsteri'tise mSoa, whefiite tiiu teaigHilie 
powtu wag’jMtive oc not, ItmenMgriPIW^tdi 
equsioiiaBy a very emaU (legiee iriMttiiiteitaag- 
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but tfab I attributed te a littte 
o3cygeaatill left mth the zutrogeii;and indeed 
aifaMc oxide gas shows oxygen in nitrog^ so 
faepa^. Theplatinumcoil wasraisedtoas 
a tMperatuze as it could well support without 
fusion, and yet there was only tl^ small effect 
senriUe; hence 1 conclude that hot nitrogen is 
not more diamagnetic than cdd nitrogen, and 
that indeed its magnetic relation is noways af- 
leeted by such change of temperature. 

2859. I raised the French shade (2855) an 
inch for a moment, and then instanli]^ placed 
it down again; and now, on making the mag^ 
net active and the coil hot, there was so much 
effect of dispersion of the gas within that the 
melted spot of wax appeared nearly an inch 
outside of the standard place, yet only a very 
"ismall portion (ff air or of oxygen could have 
entered the vessel under these circumstances. 

, 2860. The nitrogen of the air is therefore, as 
regards the magnetic force, a very indifferent 
b^y; it does not appear to be either paramag- 
netic or diamagnetic; ndther does it preseut 
any difference in its rdation, whether it be 
dense or rare, or at high or low temperatures. I 
formerly found that the diamagnetic metals, 
when heated, did not seem to change in their 
relation to the magnet (2397), and this now 
appems to be the ease with such neutral or dia- 
magnetic bodies as nitrogen and carbonic acid 

2861. The oxygen of the air differs in a most 
extraordinary degree from the nitrogen. It is 
highlyp£uramagnetic,be]n^, bulk for bulk, equiv* 
al^t to a solution of prikosulphate of iron, 
eontaSning, of the crystallized i^t, sevente^ 
times the wright of toe oxygen (2794). It be- 
comes less paramagnetic, volume for volume 
<2780), as it is rarefied, and apparently in toe 
irimpie proportion of its rarefaction, the tem- 
perature remaining toe same. When its tem- 
is Toieed, toe e^ansion consequent 
being p^tmitted,^ it loses very greariy 
of iis pamimSgnetic force; and there is sufScient 
Irom a .former result wito air,’ to eon- 
when its temperature is lowered its 
condhi<m is exalted. How mudi 
Ste paiianagn^ intensity might be inmased 
it to the iemperature of freesing 
at toe north pr south poles of tot 
aarto, weeanimt aipresmii tell. 'Diou^ a gai^ 

hon,iiick« 

jW[rW0%alti ^hem toey are ndtldii toeraiigs<d 


anditmi^, poibaps, him them, rise by cooling 
to a very hi^ state. 

2862. These rdations it presses when min*, 
fi^ed wito nitrogen in toe air, as long as its 
physical and chemical conditions remain un* 
digged; but it is not irrdevant to remark, 
that every operation by which this active part 
of toe atmosphere changes in its nature and 
passes into combinations, takes away iN;s para- 
magnetic powers, whether toe reffldt be solid, 
liquid or gaseous. 

2863. Hence the atmosphere is, in common 
phrase, a highly magnetic medium. The air 
that stands upon every square foot ot surface 
on the earth, is equivdent, in magnet^ force, 
to 8160 lbs. of crystallized protosulp|ate of 
iron (2794, 2861). This medium is, by every 
change in its density, whether of toe mnd in- 
dicab^ by the barometer, or caused fe»y the 
presence or absence of the sun, changed in its 
magnetic rdations. Further, every variation of 
temperature produces apparently its own 
dhange of force, in addition to that caused by 
the mere expansion or contraction in volume, 
and none of these alterations can happen with- 
out affecting the magnetic force emanating 
from the earth, and causing variations, both 
in its intensity and direction, at the earth’s 
surface. Whether these changes are in the right 
direction and sufBcient in quantity to supply a 
cause for the variations of toe terrestrial mag- 
netic power is the pdnt now to be considered, 
for toe illustration of which I will endeavour to 
construct a type case, and then apply it, as 
well as I can, to toe natural facts. 

2864. Let us assume the existence of two 
globes of air distinct from toe surrounding at- 
mosphere, by a difference of temperature or by 
a difference of density: toe assumption is not 
too extravagant for an illustration, since Prout 
toowed that there were masses of air, larger or 
smaller, floating about in the atmosphere, and 
angularly distinebfrom toe suirounding parts, 
by temperature and other circumstances.' Not 
to complicate the expression, we will leave out 
<rf view, at present, the attenuation upwards, 
and will consider one ol these globes 

denser than the contiguous pa^ and Ikat 
is m a portion of space which without it woidd 
present a field of equid magnetic force, i*e*> 
having parallel lines of equal intenrity of force 
passinat am?Q88-k. ^ 

the it ^ 

supnior, in tbat roipe^ to theliwroHWi^ 
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atbodphere or space, and therefoie more Hnee 
of loagaetic force will pass through it than dse^ 
where (2809). The deposition of these Ones, in 
respect to the line of the dip of the place, will 
be something like what is represented in Fi^. 7 
(2874), and consequently the ^obe wSl be po- 
larised as a conductor (2821, 2822) of the para- 
magnetic class. Hence the intensity of the mag- 
netic force and its direction will vary, not only 
within hut without the globe, and these wiU 
vary in opposite directions, in different places, 
under the influence of laws which are perfectly 
regular and well known. 

2866. First, as regards the intensify, which 
before was uniform (2864). If the intensity is 
to be considered as expressing the amount of 
force which passes through any given place, 
then, in consequence of the definite amount of 
power which belongs to any section, as a a, of 
a given amount of lines of magnetic force (2809) , 
a concentration of these lines towards the mid- 
dle, P, will cause an increase of intensity at 
that part, and a diminution at some other 
parts, as bb, from whence the influence of the 
power has been partly removed. Hence, sup- 
poring the normal condition to exist at a, if a 
test of intensity were carried from a to P, it 
would gradually enter parts b and c, in which 
the intensity was less than the normal condi- 
tion, and these might be either without or with- 
in the globe P, or both (according to its tem- 
perature relative to the surrounding air, its 
size and other circumstances); it would then 
arrive at parts having the normal intensity; 
and lastly, at parts, P, having an intensity 
greater than the surrounding space; as it went 
outwards, on the opporite side of P, corre- 
sponding variations would occur in the reverse 
order. 

2867. On transporting the test upwards, in 
the direction of the dip from e, where the in- 
tensity may be considered as normal, it would 
gradually occupy positions at / g, &c., in which 
the intensity would increase until it arrived at 
P, after which it would pass through places of 
few and less intensity, until at p it would again 
find the force in the normal state. If the test, 
is being carried upwards, be not taken jdong 

of Ihe dip, it will of course pass 
thm^ Variations like those described on the 
line a P, growing more and more in extent until 
the direction coincides with the line a P, which 
ieatri^angles to thedip and where tbeyai^ 
et amaxumnn. Hence, to pass upwards thmugh 
.tech a of cold aii^ in our latitude, wheofC 
and at the equatoTi wdiere 


it is (P, would be a yery dffierent matter, and 
the necessary natural results of meb a diffeis 
Cnee ought to appear hereafter, 

2868. But a magnetic needle or bar is not a 
test of such intensity, i.e., it will not tell the»e 
differences, or it may tCll them in a contrary 
direction. To understand this point, we have 
to consider that a needle vibrates by gathering 
upon itself, because of its magnetic condition 
and polarity, a certain amount of the lines of 
force, which would otherwise traverse the space 
about it; and assuming that it underwent no 
change by change of temperature, it would be 
affected in proportion to any variations in the 
intensity of these lines, provided everything 
else remained the same. But being under nat^ 
Ural circumstances surrounded by the atmos- 
phere, which is a medium liaUe to variation in 
its magnetic condition, both by heat and rare- 
faction, and by these variations affects the in- 
tensity or quantity of the force, it will vary in 
its indications by variations in these condi- 
tions. Thus, for instance, if it were in a large 
sphere of oxygen, I expect that it would, by its 
number of vibrations or otherwise, indicate a 
certain intensity; if the oxygen were expand- 
ed, that it would indicate a higher intensity, 
although the same amount of lines of force 
and magnetic energy were passmg through the 
oxygen as before. If the oxygen were made 
dense, then becoming a better conductor, I 
presume it would convey onwards more of the 
force and the magnet less, for the power would 
be partly transferred from the unchanging mag- 
net to the improving conductor around it. 

2869. These experiments can hardly be made 
with oxygen except by means of extremely dd- 
icate apparatus, but like effects are easily 
shown experimentally in selected analogous 
cases. Ilius let a thin small tube of flint-glass, 
about 1 inch long and H ^ in diameter, 
be fitted with a saturated solution of protosui- 
phate of iron, and Suspended horizontally by 
cocoon-silk (2279) between the poles of the 
electro-magnet, in a vessel which may ritiier 
contain air or water, or other media (2lk)6) t 111 
air it will point asdally, imd will be analogous 
to a needle under the earth’s influence, and ^ 
will point with a certain amount of force. ^ 
the vessd with water, and now it wifl pouii 
^th more force than before, though’ the Water 
18 ' a worse magnetic conductor tifian the^ ailr 
Which was previously feere; and it^ is preiMjf 
because the water is a worse eondl^tOS ^^it 
the ttquid inagnet or test indkates nainWii^^ 
Iiiereasetiie'coBdttotingp^ 




ter i44teg 0idpte4e of um to 11^' 
^iod^catioa of streo^ ter the tubesoea 
on di&dnifiihmg, first retnming to the detgrea of 
it had in air, and then deeeencfing to 
gradations^ for it retoims with, less and 
to 4ta axial position, when dislwhed 
it. So the magnetic needle employed for 
ni^uring intensity on^agnetio force (for the 
aisme, meaning is at present understood by the 
terms) indicates, ina certain.manner, the 
|K>wer thiown upon itself and) 1 conclude, ac- 
curately, provided the condition of the sur- 
rounding medium remains magnetically un- 
changed; but if it be placed in <Merent mecMa 
or in an altering medium, I expect that it will 
hot measure accurately the intensity in them, 
Le. it will not measure directly the amount qi 
force passing relatively throuj^ them. The dif* 
rimncein air under (Merent conditions would 
be. vesy small, still it is that difference which 
epneerns us in atmospheric magnetism; and it is 
very important to know whether, when the 
msi^et indicates an increased intensity of 
force, it is altogether due to a real increase of 
the amount of the power at its source as it 
comes to us from the earth, or in part to a 
changein the magnetic constitution of thespace 
lucimd the magnet hitherto unknown to us. . 

, 12870. If what is npw often ind^erently called 
magnetic force or intensity have its results 
distinguished as of two kinds, namely, those of 
and those of tension, then we shall 
readily comprehend this matter. At pres- 
et & needle shows both these as .magnetic 
fmc^imtiting no distinction between them, yet 
meduoe ^ects on it often in oppomte di- 
miptitm; for aifit they increase or diminish they 
thannedle alike; but asitisassumed 
ttot the tention can ohan^ whilst the qaaor 
i^esuifoiB the same, anti the <}uantity can be 
yet the tenuon remain unaffected^ the 
by the needle will then be uncertain* If 
tlto tension s a pven i^<m be in^eased^by 
ti^inhhmg the e<mducting power, Qie neetib 
wiU show inarmsed force; if it be increased fay an 
wrease of magnetic power in the earth from 


dtotilil fdKm no duu^; or It fiin in 
q^tity and iooe m tenaon, and tbo needle 
atill be oirtinfy jjodiSnoot todie aboleMwlt. 

If myidew be eoinect, th^ d^soiq;- 
net is noltaaat present ai!^dMi>A{^<^9t>eB8- 
ure (rf die eartb's siqipedc fovee; for fbatmay 
not o^nge when ^ maptet.by tfaiB,iniliia)ne 
eS thediScHenteondationsof ^y aj)ds^t,w 
of miQuna' and winta, may dtow a diffdwnee. 
How far these unoertmnties in its 
say affect the value of the bbaemtions made 
on the horisontal and verdoal oomponeute of 
the ear^’oienagnetic fcHce a iodiertions of 
that whid): th^ are expected to tell us, I do 
not know; but involving, as the effects^, two 
very different conditions, namdy, vammon of 
the conducting power and va^tionlpf the 
amount of force at its source, the one ol which 
is chiefly in the atmosphere and the other in 
the eartii, it seems to me to be of great conee- 
quenoe to the devekqiment of the toeory of 
terrestrial ma^etism, to have some metiiod if 
possible, of distinguishing these two pmnts or 
effects ^m each other. 

2872. Referring again to the modd globe, 
Fig. 7 (2874), it a^^eais to me, that if a mag- 
net be used as the intendty test, R will mdi* 
ate a less intendty at P rather than a greater 
one, for the very reason that the conducting 
power of the whide gdobe has been increased; 
and also, thmigb the apparent diminution of 
intendty will probably be greatm there than 
elsewhere, that the ^ect occur in other 
ptuto, especially those on the right and left, 
and even at b and-b, where the povmr trans- 
mitted, instead of be^ mors, as at P, M really 
less tora the portion ttansmitted in tbe nonnal 
car equaUe state of the magnetic fidd. With a 
diamagnetic ^be of air, Le., one w^armer or 

momraidiiedthantheBunouodingspaioeC^TT), 

though it would oonv^ less power m. being a 
wcvse eomfaictor, still it shouki {oause mag- 

net to set w^ .gMBter and sp '|d'<^ 
indieatkin ai inereesed inti!mdfy,.,#ul that 
also both withal nad equatorialiy «^aeut the 


aamednletnal netum, the needle mil still shopr g^be« 

mmeatfdfareet smd will not didiingiuditim one If. jt.'h« tnto- that ebiMtgdf- ^ 

tilbKd.fi«mnjti>eother. If the.quaidityi& ’a iw- soedium ’(2^);.jisan t^M affeot;.tbe, 
gion be mettoeed by mereasBng the ccmdactuv fiQd.ti>ats9»ob4ba>liWMdi^WR>^«9*B^ 
puww, tim aee^.^ show no such inorease; degreewthegawqt.lbapaimspu^Mdi^ 
qhthe o(mfnH3r,.ttwiflindioaitodim»iudio»Ql a ^iffdWit nt|mitor>4d vibrntionanla iaiSi'^ 
'iq^.ia^wanio 4 e,tiMu^'i 84 hnb^^ timtibokygfmimdnjlto^tnigiis^ 
.:|ii|,<]i)iBntilr<be dhnurabad by dimiri d hmg tim dqnp^, fw aid' 


igMidn.iTtitig|»iwar,itwfflabow.facBaan^toro^ 
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],glaiMMi wofuld'bB a tlill man 
gu(j) a iMdt; fant it it |»d»ble tiiat tha apaw 
(tnmod the Dtedb siiotM bt lai^, atui U would 
be leqpicite to amiertain tiiat tiw two moi£a 
oppoB^ equal meohanioal radstance to tbe vi* 
bmting needle. 

2874 Tbe Taiiation of the UneOait caused 
bydie typical ^be<S864)ou8^t be oUique to 
the hoiiaontal and veetioal planes, and conse- 
quently give results of declination and inclina- 
tion, either sqMuratdy (w together. The dhec- 
tion would not vary in a central line parallel to 
the general dip of the surrounding space {Fig. 
7). Along another central line perpendiculfu' to 



Fig. 7 

this (i.e., any line in tihe equatorial plane), 
0 P, there would also be no variation of the di- 
rection, but in any other position there would 
be variations. Thus in the line t r, as the free 
needle passed from t to i, its lower end muld 
be carried inwards towards the cential line of 
dip P; tide effect, after attuning a mairiraum , 
peihe^ at I, would gradually diminish again, 
and by the time tiie needle had readied r the 
dip would be normal. Corresponding effe^ 
would occur on the c^j^iomte ride of &e axial 
line p e,‘ uid if a deeiSe be conridered as in any 
place tile dip cff which is thus affected, and 
tiien be conceived as travelling in a dnte round 
the axial hoe p s, ft would always be in the BOi^ 
faos of a aaaOi ^ atpex of which is below. 

287& On tlm otiNT hand, if tiie variations of 
the (Up betow tiie e^toifad jdane o P be con- 
ddeied^ ibeqr will be equal in amount, but io 
the inverse trinotion, so timt rim mac>>*t^ 
die, vritea (h^seted from its normal porition, 
Would have its ttmee e nd inoUned inwards to* 
tim itxial^ s; (W if nmved mind the 

^ Uiri smidri aclh^ 


iffSn. 9dtiia pa^iii.sitdinj|m 

efafr'iiiepreiyairimiitb;'ai(^it>wou]d alseiwi^ 
m o{q[xirite.diteotioiis inlheuiqier andloiMS 
parte of tim rmd the affeded Bunriundr. 

ingspace. H*- 

2877. If we- assume theeoda^ee of anbi^ 
typical glohe of air (286f), shaving a hled>^ 
temperature tiian the sunoimduigatmoi^^m 
then its (kiadition will be that a dkma^ptetie 
oonductiv, and will be represented by Fig. d 
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(2807); and it have power to affect both 
the intensity and the direction of tiie Unes of 
force, in conformity with tiie action of tiie for- 
mer globe, but in the oontrary order. As re- 
gards the action of these consequent 

upon the direction of tbe lines of force in and 
about them upon a needle coming within tiieir 
influence, it may, in part, be represented a 
magnet placed either in the direction of the 
ne^le for the cold )dobe, or in the reverse cU- 
rection for the warm one; but as the linee of 
force of the combined system of the earth and 
such a magnet are very differmit in tiirir aa>- 
rangement to the lines ^ tiie earth affected by 
masses of warm or (xfld air having only eoch 
duotion polarity (2820), it would be too much 
to say that tiiey eorrespond, ter that the eSeete 
on tiie intensity or direction would be the same 
for simUar distance from the centre of tiie 
g^be of air and tbe irepresentative magnet. 

2878. In endeavouring to proceed, from these 
hypotiietical and eompurativriy ample eases, 
which are given only to lead ^ mfrid on from 
the results of experiment to the supposed can* 
£tion of matten as regards our atmoe^MHI 
and the sartii, we have to consider tiiat thou|^ 
tiMre will be an effect, and tiiou^ tiie intenri^ 
a^ cUreetionaf the awgnetic fbroe, upon tiiM 
BQilsee of tiweertb, must vary with changes of 
temparstuie sand denriiy of the atmagtoSy 
still it will be in a manuter vwy different from 
that repeatoted by the tyidoal gMw tlr, 
frtf the latter is a (rise which Witt never eesKTy 
thom^ the variations of the natoral cass am 
almost inSidte. 8tiU the cauparison hitda jte 
nrii)ri^ arid we niay teqmri aa % 
Imves us on tlw west, some effect, cotm^mwh 
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;tw of tlte apphoftch of a body obld 
air tbi^ east, wffl be pzodueed, w 
iiunreaM and then diitninish, and be followed, by 
. another series of effects as the sun rises again 
and brings warm air with him. 

2879. ’^e atmosphere diminishes in denrity 
upwards, and that diminution will affect the 
transnussion of the magnetic force, but as far 
as it is constant, the effect produced by it will 
be constant too. Ihe portion of the atmosphere 
which lies under the heating influence of the 
sun, as compared to its depth, will more re- 
semble a slice of air wrapped round tha earth 
than a globe. Still the inflection of the lines of 
force, both above and below this stratum, will 
occur, extending into space above and into the 
earth beneath (2848), according to the known 
irJuence of magnetic power and its perfectly 
^i^te character (2809). We are placed at the 
bottom of this layer of air, but as the atmos- 
pherek denser there than higher up, and k also 
in many cases more affected there by changes 
of temperature, we are probably in a position 
where the inflections and variations due to the 
assumed causes exkt in a ccmsiderable degree. 

2880. There are innumerable circumstances 
that will break up, more or less, any general or 
average arrangement of the air temperature. 
For instance, tiie diversity of sea and land 
causes variations of temperature diflerentiy in 
different times of the year, and the extent to 
which thk goes may be learned from the beau- 
tiful isothermal charts of Dove, now fortunate- 
ly to be had in this country.^ These variations 
may be expected to givc^ not merely differ- 
mcBs in the regularity, direction and degree of 
magnetic variation; but because of vicinity» 
differences so large as to be manifold greater 
tiban the mean difference for a ^ven short pe- 
riod, and they may also cause irregukrities in 
the times of thtir occurrence. 

2881. On eonmdering the probable results of 
the ma^^etic action of the atmosphsre, it ap- 
pear to me tibat if the terrestrial magnetic 
force could be freed from all periodical and 
small perturbations, and its d&qpositioc asoer- 
t^ed for any ven time, it might still mclude 
tertsin effects constituting a part of atmospher- 
k mSfoetism. For instance^ thm k more air, 

w^^t, over a given portion d tiie surface 
Qlutb6.ear& atktitndet from 24** to 84% than 
there k either at fairer latitudes or at the 
eqpstor; and that rimidd cause a diffcsenoe 
disposition of ihe'Bnes d force whidi 

JMm iUmktkii, 1848, IkpotU, 


wodd edst there were equality in that W 
i^)6et, of if the aitmosphere were aWay. Again, 
tiie temperature of the air k greater at the 
equatorial parts than in latitudes north or 
south d it; and as devation of temperature 
diminkhes the conducting power for magndr 
km, so the proportion of force passing thi^ugh 
these parts ou^t to be less, that passing 
through the colder parts greater, than if the 
temperature of the air were at the same mean 
degree over the whole surface of the dobe, or 
than if the air were away. Agcun, there k a 
greater difference in range of temperjiture of 
the air at N^fle equator as we rise upwards than 
in other parts, and hence the lower pan k not 
BO good a conductor proportionately to|he up- 
per part, or to space, as ekewhere, whisre the 
difference k not so great; the magnetic |>ower, 
therefore, should be in some degree weaned 
there, the lines of force being diverted, mlore or 
less, from the warm air and thrown into other 
parts, as the cooler atmosphere and space above, 
or the earth beneath, according to the princi- 
ples before explained (2808, 2821, 2877). 

2882. The result of annual variation that 
may be expected from the magnetic constitu- 
tion and condition of the atmosphere seems to 
me to be of the following kind. Assuming that 
the axk of rotation of the earth was perpendic- 
ular to the plane of its orbit round the sun, and 
dkmksing for the present other causes of mag- 
netic variation than those due to the atmos- 
idbere, the two hemispheres of the earth, and 
the portions of air covering them, would he si- 
fect^ and warmed alike by the sun, or at least 
would come into a constant rdative state, de- 
pendent upon the arrangement of land and war 
ter; and the lines of magnetic force havk^ tak- 
en up their position under the influence d the 
great dominant causes, whatever they may be, 
would not be altered by any annual chimge 
due to the atmosphere,' since the daily mean of 
the atmosi^eric effect in a given pl^ would 
at ati parts of the year he aUke. Under such dr- 
cumstanoes the int^ity and direction of the 
magnetic forces m%ht be considered constant, 
presuming no sentifale change to take i^oc by 
tiie differ^ee in i^tanoe from the sun which 
would occur indifferent pajrts of the prbit;and, 
as re^uds the two magnetic hemispheres, each 
would be ibe equivalent of and equdi to the 
other,aiid they may tor the time be<xmfeidi^ 
in thtir mean or normal abate* 

2^* theaadsof tikeartiikiti^^ 
k inclined 23^ 28^ to 
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the two hemispheFeB will become aitehmtely 
and colder than each other, and then 
a v^tion in the magnetic condition may arise. 
The air of the cooled hemisphere will conduct 
magnetic influence more ftedy than if in the 
mean state, and the tines of force passing 
through it will increase in amount, whilst in 
the other hemisphere the warmed air will con- 
duct with less readiness than before, and the 
intensity will diminish. In addition to thus ef- 
fect of temperature, there ought to be another 
due to the increase of the ponderable portion 
of the air in the cooled hemisphere, consequent 
upon its contraction and the coincident expan- 
sion of the air in the warmer half, both of which 
circumstances tend to increase the variation in 
power of the two hemispheres from the normal 
state. Then as the earth rolls on in its annual 
journey, that which at one time was the cooler 
becomes the warmer hemisphere, and conse- 
quently in its turn sinks as far below the average 
magnetic intensity as it before had stood above 
it, whilst the other hemisphere changes its 
magnetic condition from less to more intense. 

2884. As the sum of the magnetic forces 
which crop out from the earth wherever there 
is dip on one side of the magnetic equator must 
correspond to the sum of like force on the other 
side (2809), so they would not become more 
intense in one hemisphere, or more feeble in 
the other, without a corresponding contrac- 
tion on the one hand, and enlargement on the 
other. The line of no dip round the globe may 
therefore be expected to move alternately north 
and south every year, or some effect equivalent 
to that take place. The condition of the two 
hemispheres under this view may be conceived 
by supposing an annual undulation of the force 
to and fro between them, during which, though 
neither the character nor the general disposi- 
tion of the power be altered, there is in our 
^ter a concentration and increase of inten- 
sity in the northern parts coincident with a 
diffused and diminished intensity in the south, 
and in summer the reverse. 

2885. In respect to d^ccfton, alteratkms may 
also be anticipated. In the first place, and aen 
suming that the magnetic poles and the polw 
of the earth coincide, the dip would increase in 
the cooling hemisphere towards the imddle and 
polar parts; but it ought to diminish towards 

mjgnotic equator, to accord with the oon- 
<^^^tion of the hemisidiere of stronger powmr 

Siffaiypmsttt of the weaker one; on 

the other hand the dip ought to diminidi at 


ispheve and imsrease itcmaix^ ih& niapietie 
equator. The magnetic equator would a 
iittie iKirth aid eoutii of its mean place 
each year, simultaneoiidy with tiie whole sys^: 
tern of magnetic lines. But as the magnetie 
poles do not coincide with those of the ear&, 
or wilh what may be called the poles of tiie 
changing temperatures, so a cause of difference 
in direction will here arise. 

2886. Agam, it may be tiiat as oxygen m, 
cooled, its paramagnetic power may increase in 
a more rapid proportion than that of tiie change 
of tonperature, so that the chief alteration of 
the disposition of the earth’s force may be in 
the extreme northern and southern parts; and 
in combination with the holding power of the 
earth (2907) may even cause a change the re- 
verse of that expected above in lower latitudes. 
If in our winter the lines of force were to close 
together in the polar parts and to open out in 
lower latitudes, the balance of magnetic force 
would just as well be sustained as if aUl the lines 
in our hemisphere were to be compressed and 
strengthened, and be compensate for by a 
corresponding change in the south. In the for- 
mer case, each hemisphere would balance its 
own forces, m the latter they would be bal- 
anced against each other. There can, I think, 
be no doubt that as far as the mass of the earth 
and the space above our atmosphere are un- 
changeable in relation to annual and diurnal 
variation, so far they would tend to restrain 
any variation which might depend only on the 
varying temperature and state of the air; hold- 
ing as it were the two sides of the variations^ 
the increase and diminution of intensity, or 
the right and left hand in change of directiem, 
nearer together than they otherwise would be. 

2887. i^rther, if it be supposed that the 
whole of a hemisphere is affeded at once in the 
same direction by change of temperature, it wifi 
not be affected alikef bid differently in different 
UdUudeSf because of the deference in ammmt 
of that change. 

2888. Thedifferenceof land and water (2880) 

will still further break up any expected 
formity of the general result, and cause thai 
certain parts of the cooling hemisphere 
increase in power more in proportion thanptiiH- 
er parts; and whmi these parts lie on oppotilo > 
sides of the magnetic meridian of any gjh^ 
place, they would probably have power to eauae 
an alteration in the declination of the neectte at 
that|dac6. • 

As the annuct changes 
m less at theequatcHT than m pafb 




or iWtttb, sottieHl, probii^ 
ittiiiltlioB^lrcnU oaoivs 
tbs wyiut tempenture or expAmitiii of 
akt but Mily thaA portion wfaioh ia consequent 
the aitemste changes of the ports cm its 
oppoinite sides (2884). 

2890. Another effect, whid]i may he eotu»d> 
es«d as an annual varia^n, but irfau^ is con- 
nected with the diurnal change, may be ex- 
pected. As tiie daily changes m temperature of 
theatnuxpher^ influential upon a given pia^ 
in north or souA medium latitudes, ate great- 
er in extent in summer than in winter, so the 
eom^ponding magnetic variaticms may be ex- 
pected to vary also, bdng larger in the north- 
ern hemisphere, wbrni the sun is on the north 
side of the equator, and less when he is present 
in the southern hemisphere, and producing like 
■eesrespondent change there. 

2891. From a most important investigation 
by Colonel Sabine, ‘ founded on the results of 
obeervatioDS at Tcmmto and Hobarton, tiie 
&etB ajpear to be that tiiemagimtio intensity 
is peatM in both hemisiflieres in tiioae months 
which are winter in the northern hemisphere, 
and summer in the southern. Similar results 
are peatly wanted for other localities, and 
would show whetlmr the different disposition 
of land and sea hag anything to do with the 
question, or whether the results at Toronto 
1 ^ Hobarton are true exponents of hemispher- 
ical effects. Assuming Toronto and Hobarton 
as bemg sudi exponents, the dip in botii hem- 
ispberes is greater (i.e., greater north dip at 
TWonto and south d4> at Hobarton) in those 
sumtits vdiioh ate winter in the northern, and 
summer in tireinuthem hemisphere. Whether 
there is any mmitei variation of tiie dip or total 
force in the equatorial parts of the globe is very 
important to determine. It wcnild be well worth 
wmto to tadce tip a station for tiie expess pur- 
pose; the instnmoents are very sinqfle, and the 
dbaamtuns would require only a single ob- 
server . They ate describe in tiie piqier i^hned 
toir Unfortunately sudi obserSatiaos are not 
(tven made in Cheat Britain. 

I- 

' I%e nniiiMW in vduch tiie diurnal var- 
iiiionmay he pradueed or affected l^tbeao- 
tiiMiof 'tiie sun mi our atnmsphere as tiie earth 
lemiivesinttsbeainahasbeenalreadygeQnel- 
^ssfened to> Tlmndioiepoitimicff atnm^ 


extMsed to tiw aun Wbtivw aoww 
the lines of msgnetin ferns whioh itravone it, 
tmd tiis vdiole of tiiat which covers tiie darker 
hemisphere assumes so squally altered, but 
contrary state relative to tiie mean cmidition 
of tiie air. It is as if the earth virere kudosed 
within two enormous magnetic lenses compe- 
tent to affect tiie direction of the lines of force 
passing throufdi tiiem. 

2893. 1 have already said that the action of 
the atmosphere thus affected micdit in some 
degree be compared at nigbt-time to that of an 
enormous, diffuse, and very feeble ordinary 
magnet, having the petition that it wc^ nat- 
urtiiy take according to the line of dip,tpa88ing 
over us from east to west, and include us for 
tiie time withm its influence: in the dw-time 
the action would be like that of the pTnilur 
journey, not of a oorreBponding magi^ re- 
versed in direction, but of a corresponding 
idobe of diamagnetic matter (2821). Aiming 
the maximum heat and cold to occur at mid- 
day and midnight, we might expect that the 
maximum effects would also occur near those 
periods as regards the variations of intensity 
(2824, 2866) ; for, other things being the same, 
&e central parts of the heated and cooled 
masses are thoee where the difference of inten- 
tity should be greatest. 

2894. It mi^t be expected that this varia- 
tion in the intensity would be greatest at those 
parts of the globe over which the sun passes 
vertically, or nearly so; but tiiat may depend 
upon two tircumstanoes at least; first, whether 
tlto difference in the day and night tempera- 
ture is greater there than at other places, be- 
cause the extent of tiie jvariation may be de- 
pendent in part upon that difference; and next, 
whether the amoimt of effect to be expected is 
tiie same for the same difference in number of 
degrees of temperature at every put of the 
scale (2886). If the conducting power of oxy- 
gen (2800) should be found by future ex^- 
mmital measurements (2960) to increase in a 
greater proportion for a fall of a givm number 
of degrees at lower tempuature than at hi^ 
ones (includmgtbeeffectof oimtraotion for tiut 
fall [^1]), tiien it may be that parte more dk- 
tent from tiie son vrill be more affected thm 
those under it; <Hr if the oemtwy be tiie case, 

lem affected thw othentiee irould be eiqietied. 

289& With regard to the deijy vwfotiiMiS) ee 
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magnetic foree» At tim lothmitiim ttid detifoa- 

Bk wRhiSm* 7^ tim tiMhgae tiM* may Im 




hftvq icfand 1» auS9htbi.it 

tm^torxa^ to wmpm tbetejtopejetatky^ 
with a few aimple easee of ebeervation, in sudi 
a manimto will tend to sbow wlietoer 

tbe dwec^joo of aietton is, botii in tbeory aid 
faet, theeame; and whet^ toere banyipcob* 
aUHty that the effect has been aseiip^ to its 
true cause; for this purpose I will confine my- 
self entirely at present to a part of the daily 
variation, namely, the effect of the sun and aih 
as the luminary arrives at and passes ever the 
meridian. 

2896* Profiting by the last volume whitdi has 
issued from the poweiful mind and careful 
hands of Colonel Sabine,^ I will take the case of 
Hobarton. The observatory there is in latitude 
42° 52^5 south, and lon^tude 147° 27'.5 east of 
Greenwich. The absolute declination is 9° 60'.8 
east, and the dip is 70° 39^ south. In order to 
have the place of the sun and the time of max- 
imum and minimum temperatures at Wd, I 
have transferred the mean temperature for 
January (summer) for seven years, 1841-48, 
and the mean temperature for June (winter) 
for the same pmod, corresponding to every 
hour in the day and night, from pp. Ixxxiv and 
cviii to Fig, 10^ P. 709, where the middle series 
of numbers represents the hours, the line next 
below th^ a base line of tempei^ture at 30° 
Fahr,, and the two curves still lower down the 
mean hourly temperature for summer and win- 
ter. The short lines show generally the direc- 
tion of the needle east or west of its mean posi- 
tion, the upper end being of course the north 
extremity. The positions about no<m are <Ss« 
tinguish^ by toll lines, being those required 
for more immediate illustration. 

2897. The north end of the magnetic needle 
at Hobarton is most east at 2 o’cM, and most 
west about 21 o'dook. Being at the extreme 
west at toe latter hour, it passes through toe. 
full rani^ of variation, or to the extreme east 
iofive hxsf^jot by 2o'dock, and toenrequhes 
the remaining nineteen hours to return to toe 
utmost west. The maximum east and west de- 
dinatlon if At 2and21 o^cloc^toamnmer^ and 
at 3 and 22 for winter. The vertioal po^ 
sitioQi «how wt what hours toe decfiiud^ was 
Qi wito^ffabine^s aeto. ilmm 21 

^ 2 ^eweedlepaspea tm oiieextr«to- 
Ity of ito toe otowr, the or 

upper h ^ teveme dimtomto 

andto^eun otosiitimto«^ 


ona liMtai btfiotoiNMm Al^ 
die is aarestod, and after that tame tototew 
west, foliowing toe wm* It will be proper to 
state, that the north end of toe needle, ihs mUh 
tion of which has just been described, is fib 
end towards the equator, and also, the upper 
end of adippdng^needteat Hobarton. This dia- 
fimetion will recdvemoresignificanoe presentipv 

2898. Hence the cause which affects tb 

die appeals to belar more powerful, and mote 
concentrated in time when the son is present 
than when he is away. In this there is accord* 
anee between the time of toe effect and ^ 
time when the sun could exert most inffaence 
on those magnetic conditions of the atmna»' 
phere, which are for the present supposed to 
govern that effect. 

2899. It will be seen by examinatkm of Fig^ 
10 toat the tone of maximum temperature is 
not when the sun is on the meridian, but two 
hours after it, both in summer and winter. But 
in reference to temperature and ite effect on 
the magnetic condition of the air, and toomUto 
that on the needle, it is not the local temperat 
ture which is supposed to influence the nmUi^ 
but that which affects enormous masses of air, 
above as well as bcdow, and of whito the ten^ 
peratureat the spot, however important it may 
become when we can prc^perly interpret it 
gives us as yet little or no knowledge. Stfil there 
are some points on whidh temperature has A 
more direct bearing. Thus the amount of varM 
iarion of temperature is in summer double wlmt 
it is in winter, and the amount of variation in 
the declination increases in the same prqpoi^ 
tion (2890), The minimuto temperature in win* 
ttf is later than in summer, and the extxetm 
western declinarion of the needle is also latoe 
at the same period. 

2900. The varying diinction of toe magnetic 
lines of the earth is made known to us 
servations in two planes, one toe horiaoWbtt 
plane, to which the portion east and west is iw* 
furred, oonsrituting declination, and toe ototo 
a verrioal idane passing through toe line at 
mean deoU^tom, and supplying obeervatomia 
of inclination * The dueetion of toe line of fbatol 
r^nwd to tois plane nu^t change so as 

to increase or diminish the bdination, siifit Ijli 
dees increase at some places ht toe nutoV 
hour of losal tone for wbito it diibnisiito tor 
atom; tons U bcreases at Oreem^ 
diminiskesat Bt Hdeaa, which is nenr^tellto 
same metoSan. At Hobarton it cbaatb tfifMhi 
ly at toll eato sjsd west 
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^SasmMm ttntiil Bbcmt 3 oNdodc; it then ocm* 
titanee nearly flie same in aummw, when the 
. variatiGn is greatest until 13 or 19 o’clock, 
&om that lime it increases until about 22 
and is nearly a maximum from thence 
till noon. Hence it will be understood, tiiat the 
iadination is generally greatest during the rap- 
id }oumey of the north end of the needle from 
west to east between 21 and 2 o’clock, and least 
in the other or prolonged half of the journey; 
and thou^ this is partly broken up in the 
nif^t effect, to be considered hereafter, still as 
a general result it always appears. 

2901. All this may be rougUy represented by 
Fif. 11 (2909), in which £. W. represents the 
path of the sun between the tropics as he comes 
up with the hours 21^ 22\ Ac., in his daily 
joum^, and e the path described by the north 
oynt^ier end of the needle, freely suspended at 
Hobakon, and therefore showing both declina- 
tion and inclination, i.e., the whole direction. 
Looking down upon such a needle, its upper 
end wMi take the course indicated by the ar- 
row, and its position at any given hour is shown 
sufiieiently by the leading lines. 

2902. This relation of the motion of the nee- 

dle to that of the sun has long been known; it 
has great significance in relation to my hjrpoth- 
esis of the physical cause of these variations. 
As regards the part of the action which I am 
oontideiing, it is as if the pole of a magnet came 
on witii the sun, of like nature to the upper end 
of the Hobarton needle, at first driving that 
md west. Towards 19 o’clock the tei^ency 
westward dimixiishes, but the tendency south 
Hioreases. At 21 o’clock, the increase in the 
sun’s power, acting not directly from the sun 
but from a region in the atmosphere beneath 
it, is not sufficient to compensate for his more 
ui^avourable position; the earth’s force brings 
the needle back as regards declination, and 
then it passes eastwards, but the soutiierly mo- 
Uxm 'HT indination stili increases; about 24 
o’clock, or noon, the sun is as to east or west 
dedination indifferent, but powerful in south- 
ern action, making the inclination then, or soon 
after, a maximum. Th^ as the sun goes west 
of the needle, its power in chiving the pole be- 
bhid it will increase for a time^ whilst 

^ powOr produdng indination will diminidi, 
dnt&at 2 or 3 o’doA the earth’s force will re- 

pr^nderanee as the sun’s power dimin- 
the needle will return 
ife feast Apiuod mean inclinaticm. 

2803. All this may be represented expeii- 
Ibeadailyby tairyi^ pde north of 


tiiedipping4ieed!e,eoastD r^reifent tteidace 
of tiie sun-heated air to Hobarton, provided 
that pole be of the s^e kind as the north or 
upper pole of the needle. I have already stated 
<2^, 2877), that when a portion of air is h^t- 
^ in a fidd of magnetic power, it loses in mag- 
netic conduction power, and if in association 
with air less heated deflects the lines, assum- 
ing the state which I have distinguished as 
that of diamagnetic conduction polarity; then 
presenting the very polarity, or rather the very 
inflection of the lines of force, which would af- 
fect the needle, as it is affected. As the sun 
rises and pasftfei north of such a place Ho- 
barton, the atmosphere under his coming in- 
fluence becomes more and more heated and ex- 
panded; and referring to the model glolm of 
air (28M, 2877), it is as if such a VErarm mass 
passed with the sun through all the regions of 
the equator, extending also far north and south 
of it; and, having Hobarton within its influ- 
ence, produced the effects there observed. 

2904. In such a view one sees a reason for 
the short time occupied in the return of the nee- 
dle from west to east as the sun passes imme- 
diately over its meridian, and for the long time 
during which it is passing from east to west as 
the influence of the sun is slowly withdrawn, 
and then again slowly renewed during the re- 
maining part of his journey, exception being 
made for the present of the paramagnetic ef- 
fects due to cold. 

2905. 1 will now consider the Toronto case of 
diurnal variation as it is presented to us in the 
volumeof magnctical observations, issuing from 
the same authority and hands as the former 
volume,^ and also in further observations down 
to 1848, sent to me by the kindness of Colonel 
Sabine. The position of the observatory is in 
lat. 43® 39' 36" N. and long. 79® 21' 30" W. The 
absolute declination is 1® 21' 3" W., and the 
mean or absolute dip is 75® 15' N., so that as 
regards Hobarton it Js on tiie othm* side of the 
equator, and nearly on the other side of the 
world. The results for the months of June and 
December are jJaced in a diagram correspond- 
mg to that lor Hobarton (2896), employing 
the Tdrcmto time for the hours. Fig. It. 

2906. The nortii end of the needle is that 
utiiymimliy r^rred to in speaking dT the dec* 
Hnation; its course at Toronto, during the im- 
mediate sun tileet, is as follows: Havmg grad* 
ually moved east from 18*, it is at extreme east 
at 20 o’clock, and then returns from the east to 

i Utfpnma ttnd MetearOagM 
ronto, 1840, 1841, 1842, Bahme^ 
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ttctreme vest m ffa hcmn, 
eastward from the sun. But if we ooowert this 
into tiie motion of the equatorial extremity of 
" V^eedl6,f<>rthatistheupj>6r^dif thenee- 
t be and oonp^ns us toostm the com- 
with Hobarton, then it will be seen 
this end is most west at 19^ or 20*; and 
that portion at that hour, it travels 
ay eastward, pasdng through toe full 
of variatojn or to extf'csne east in six 
B, or until 2*, and then returns, foUoimg 
} fito- 

^7. Looking at tliese results, I might re- 
pefbt the words used in illustration of the Ho- 



tlm effeeto may agato 

a%repreaented by an {Fig. IS) as they 
were for Hobarton; and 1 may refer .to the 
words then used, substituting Toronto for Ho- 
barton and north for south (^1). As toe stin 
comes up from toe i^t id his course between 
the two places, he drives, by toe altered atmos- 
phei^ beneath him, toe upper endsof tiidr n^-' 
dies before Um, and outwards from the line, of 
his path, as if he were a north pole to the Ho- 
barton magnet, and a south pole to the To- 
ronto magnet. By 22 o’clo^, the earth’s force, 
and the ac^op^of toe air due to toe sun’s posi- 
tion, permit a return to toe east, thoum the 
Fig. 13 I 



baiton ^ects, but for the sake of brevity will 
i^er to them. As before, the amount of 
vniria^on in toe decUnatoin is in summer dou- 
He what it is in winter. Tlie difference of tem- 
1 ^ is thiw times g^ter. The extreme 
and dedifusktion is botii in smnmer and 

mStor at 20 md at 2 o’clock, so that the mag- 
net holds to toe time in t^to seasons; but toe 
.jnisiltoa end minima of cold, as toown before, 
in toe two seasons, for the former is at 4 
o’dock in summer and 2 in winter, whilst the 
kfter isat 16 o’clock in summer, and 20o’cloGk 
m winter. But this is a variation with TOnsist- 


enipy; fpritwili be seen by a moment’s inspeo- 
tk^ timt in winter the maximum of heat has 
towards toe time of most powerful ao- 
Itomln toe one direction, and the minimum has 
Bssiied towards it m toe other. The passage of 
-tok cun* toerefote, over toe meridian, and the 
/^hslfod of rapid motion at the needle from west 
still coincide. 

The otoar element, of direction is toe 
Its variation hi very smidl, but 
itlais. Apmckf»liniy^^ 

i coftienfemihimum dip at 



inclination for a time increases (2902); both 
swing rapidly round from west to east as he 
passes over the meridian, and then having at- 
tained their maximum position eastward, soon 
follow after him under the influence of the 
earth’s force, less and less counteracted by the 
retreating sun. So striking is the similarity be- 
tween Hobarton and Toronto, that Colonti Sa- 
bine has already especially distinguished and 
described it,^ ai^ has shown, that, laying down 
toe direction of motion in both cases by curves, 
and bringing the two curves together by th^ 
faces, they coineide-almost exa^y, with this 
smgte difference, that the Hobarton changes 
pr^ede those at Toronto by an hour, or rather 
nmre, of local time. 

2910. We cannot represent this day effect 
experimentally upon two such needles as those 
at Hobarton aod Toronto by one pole of a mag- 
net, thou^ we can do it with eaito separately 
with different poles: but we see at ones from 
toe hypothecs, toe reason why the sun acts m 

tois mann^ (2S77}, and how it is toat tto r^ 

ion of influential atmosphere that 

him in hss jouniSy rou^ the eStil wiib 

t jretsrtoa irspMtM 







iarnmmpm^^ 
for «b9.(ikkMi>tiB)9 lk» day jonm^ 
i^igtiben^ pcaixl of .tite ai^t re^ua (2^), 
attt imwife rt* Hbs oocurra&oe of distuiibaaoes 
or seeoiuibuy mvea of pow/n^in the idght>time, 
wd the ooBdition both of the chief vwiatio& 
and ^0 eubordu>ateoa<dUatk>BB iBaumnw aad 
^t«, will be ooDi^ered hereafter. 

2911. Oteemoidi. The following results am 

takerifioitithevolutBeof<?reemoi(AOh«enfatiion« 
for 1847 . The latitude is 51° 31' N., and b^g 
removed oeuiy 80° in Icmidtude from Toronto, 
the staldma is wdl contrasted with it and also 
with Hobarton. The mean declination is 22° 51' 
18" W., and the mean inclination is 69° N. As 
it is the upper end of the dipi»ng*neodle which 
we have to consider for the purpose of a ready 
comparison with tiie sun’s observed day action 
(2906), I wiU describe those parts of its course 
and place for Greenwich time which concern 
us now. Moving-westward before 19* and 20*, 
it then returns towards tiie east, and in six 
hours, or by 1* or 2* has completed the great 
sun swing, after which it returns west, follow- 
ing the luminary. The -vertical force is given as 
gFessesi oetween o ana * o mocK, ana tease oe- 
tween 11 and 18 o’clock. The south end of the 
needle therefore is more upright at tiie former 
time and less at the latter; and as the latter 
occurs during the prolonged return part of the 
joum^ from east to west, includmg.the niidit 
hours, so we perceive that the upper end of the 
needle performs its daily journey in an irregu- 
lar clos^ curve, which the ellipse for Toronto; 
Fig, iS (2909), may gmetaily represent; it 
passes from east to west sbwly durii^ theni^t 
hours, approaching the:.equator at the same 
time, and it returns from west to east -with 

far greater rapidity,’ performing tins put of its 
journey at, a greater distance from tiw. equator 
and tteaner- to tbs pole. - . 

2912. WaafvmgUm, US. Latitude 38° 54' K.; 

longitude 77° 2'. W.;. the mean declination. 1° 
26' W.; tbS'iaean dip 71® 20' N. The south or 
upper end hi the. is m the rnorning at 

mtiesoe neati.idtout 20 to 22 c’ldockt.andat 
sstieoA: MHt e^bont S| o'dock; it tibw mtsipui 
slowly west, witb'ihe ni|^ action as hr fonm 


time, Ihe titial iHKiiotHti ! 

tioa is greatest in puanwr, as befpM), htnyi 
9'.87 in July and 4' in Deoem^, The 
greater different in the earth’s tenmentn^ 
is also in July, being then neariy 2(r ^ahr,^ 
whereas in December and January it is only 10 

Fahr. The tirortest period between the extreme ' 

tenmerature, including thmefore the quick^ 
change of temperature, is 16 or 18 to 2 
o’clo^ and consequently indudes noon. Ad 
these conditions coinlsine to produce the great- 
est magnetic action, and it is in the dirediOR 
pomted out by the hypothesis. 

2913. Lobe Athabtueci. Latitude 58° 41' N.; 
longitude 111° 18' W. of Greenwich; mean dee- . 
lination 28* E. The observations are oply fw 
five months, but as the position is in a high lat- 
itude and may be important for future consid- 
eratioirs, I give the reeults here. The extreme 
western position of the upper end of the needle 
is about 17 or 18 o’clock, and its extreme eqtt* 
em position about 1 or 2 o’clodic; so timt as far 
as decUrtation is oonoenred, the action of thssim 

and atmosphere is as in former cases. T^ 
amount of declination variation is very great* 
bemg in October 21'.32 ; m November lO'A; in 
jjecemDeru- .ye; m ^lanuaiy ro- JW, imaui npD- 
ruary 14'.87. 

2914. Fort Simpaon. Latitude 61° 62' Ni$ 
lon^tude 121° 30' W. of Greenwich; mean dei^ 
lination 38° E. These observations are only for 
two months, i.e., April and May 1844. The eg* 
treme western place of the upper or south aqd 
of the needle was at 19 o’clock and its extpamp i 
eastern position at 2 o’clock. The rosulttiiero* 
fore is in perfect accordance vrith the preoe^Ung ! 
observations and conclusons. The amoqnhw i 
variation, as given in the borisoRhd P^aoA is 

-very large, 1roing36'.26inApriland 32’ in hjw* ; 

291& St. pefertbuargh. Latitude SBF 57* |v> ! 
longitude 3(F 16' E. of Gtemiwicb; mean di^ j 
lination 6° 10' W.; the dip 7(f 30' N. ^ ; 
servatioosaro tire mean of (dlxyems, and dhdy f 
that the upper end of the needle is ; 

west in ra|^ to pooni about 10* end 20^lbv } 
the montitt of Manih to August, and thatioi j, 
the othmr mmtths there is a westam « 

about the same hours. The extreme eait|ieii^f 
tioa is, for 00 the moaths, ai>Qut | 


W|SBa^mgamiBge;ictreommest^at3^ 

ihiaj%en!npAy.4ihe)8im»movmn^ is as hr 

tMlaaf^.jkicaipaia I ham not t|». .mrhdlen 
jai 

« eMb;44iaidii|slalidn .tim 


in vriateult dwmdlea.away'itp 
E^mn.’tbeqiy'the dip may bp 
ereaia diRhlg the ^ 
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1^18^ <3ieB6 tsailesy wUohi induing Ube 
dfid f€^ure of diurnal variatbn and sun a6- 
were aeleeted as a §rst and trial-test of 
^laJijrpothesis, join thdr evidenoa together, as 
fa^ aa th^ go, in favour of that view which I 
atn offering for their cause ; nor have I yet found 
any instance of even an apparent contradic- 
tion in regard to the sun action. They assist 
thexnind greatly in forming a precise notion of 
tfae manner in which the influence of the sun 
and air is supposed to act, not only in similar 
easee» but in respect of other consequences, i.e. 
in all that properly comes under the term of 
atmospheric magnetism; I will therefore now 
restate more particularly the principles which, 
according to the h 3 rpothesis, govern them, in 
lK 9 )es that I may be fortunate enough to assist 
ib^veloping by degrees the true physical cause 
6t the magnetic variations in question. 

2^17. Space, void of matter, admits of the 
tomsmission of the magnetic force through it 
(2787, 2851). Paramagnetic and diamagnetic 
todies either increase or diminish the degree in 
which the transmission takes place (2789) . This, 
ttoir influence, I have expressed, for the time, 
hy ^ phrase of magnetic conducting power ^ 
1^ I think have given sufficient first experi- 
mental evidence of the existence of the power 
and its effects in disturbing the lines of mag- 
netic force (2843). The atmosphere is, by the 
oxygen it contains (2861, 2863), a paramagnet- 
ic medium, and has its conducting force great- 
ly diminished by elevation of temperature 
(2856) and by rarefaction (2782, 2783), as has 
also been fully proved by ex!|]ieriment. The sun 
is an agent which both heats and rarefies the 
atmosphere, and in its diurnal course, the place 
greatest heat and rarefaction must, speaking 
generally, be beneath it. Hie irregularities in 
the conation of the earth’s surface and other 
eai^do produce local departures from an ex- 
act rc^tion of place, but they probably disap- 
pear pmtiy, if not altogether, in the upper le- 
tiieair. 

2918. Assuining that atf under fAs stm is 
most dkanged magn^icatly, and confining the 
wliiijnlioii to a spot where the sun is vertical, 
lor tibe purpose of ctmddering the oonffition of 
at other parts inre- 
tiie si^ppoi^toii of a globe of air 
om the spot w3i of course find ho fit ai]^fidE^ 
(2877). Weare first to suppose the mm fm* 
al^^ moan state as to 

and then consider the Sun as pres- 
^ imt m.tto a glrai pkoe; and it k 

' i^aUsrati&n in temperature and ean 


panskm of tto sir beneatii and; atound tiie 
place of the sun, and the manner in which the 
change comes on and passes away, whicdi eoi^ 
cem us. In rdation to the surface of the earth, 
tiiat alteration will be greatest somewhere 
neath the sun, and will diminish in every direc- 
tion around, becoming nearly nothing as to 
direct action at that part or circle of the earth 
where the sun’s ra 3 rs are tangent. In relation to 
elevation, it is a question yet whether the ef- 
fect is greatest in amount at the surface, di- 
minishing upwards. As regards the atmosphere, 
it must of cpyrse end with it, though as re- 
spects space itself (2851), a reservation-thought 
may arise. With regard to any alteration oc- 
casioned by the sun’s influence in the opposite 
hemisphere, though there is none produced, di- 
rectly, yet indirectly there is that due toVthe 
falling of the temperature of the air, from the 
condition to which the sun, whilst above the 
horizon, had brought it. This change must be 
more tardy, irregular and disturbed, by local 
and other circumstances, than the opposite al- 
terations produced by the direct influence of 
the luminary; and is that which occasions, by 
the h 3 rpothe 8 is, the second maximum or mini- 
mum or other recurring night actions, made 
manifest by the needle in the hours when the 
sun is away. 

2919. The lines of force which issue from a 
magnet are, as it were, located and fixed by 
their roots in a way well understood experi- 
mentally by those who have worked upon this 
subject. In the same manner the lines which 
issue from the earth more or less suddenly, ac- 
cording to the amount of inclination, are held 
beneath by a force of location; and because of 
the unchanging action of the earth in respect 
to atmospheric effect, are restrained more or 
less from alteration beneath during the chan^ 
ing action of the atmosphere. Ibis fixation in 
the earth is a chief cause of certain peculiari- 
ties in the atmospheric phenomena as we ob- 
serve them; and is productive of that rotation 
of the line of force about the mean petition 
which we have already considered during the 
sun swing, and timll meet with again und|^ the 
action of cold air. This condition of fixation at 
tiie lower parts of the lines of force oe(Sxr8 at 
every station where there is any dip at all, and 
gives for each tiie point of conveT'gence round 

the metionx>f the upp^end of thenee- 
iiie takes place (2909, 2932). 

2920. to the atinosphere, tinder fihe into* 
enheof Itosun^ lies upon tiieeartii aUeiM 

tit past toiseath the hmtinaiy* 



mma msojimixY 


odred power to effect the ibee of mageetie 
force diifereotly to the nuuiner in which it at* 
fCcted them in the snn’e abisence. It has become 
a great magnetic lens, able to refract the lines, 



Fig. 14 


and the manner in which it does so appears to 
be of the following nature. All the lines passing 
through this heated and expanded air, sur- 
rounded by other air not so much heated, will, 
because of its being a worse magnetic conduc- 
tor than the latter (2861, 2862), tend to open 
out <2807) ; and the mass of heated air, as a 
whole, will assume the condition of diamagnet- 
ic polarity. If, therefore, for the sake of sim- 
plicity, the magnetic and astronomical poles of 
our earth be supposed as coincident, and Fig. 
U represent a section taken through them and 
the place of the sun, then N and S will be the 
magnetic poles, and the different curves cut- 
tmg the outline of the drcle will i^fficiently 
repres^t the course of the magnetic lines as 
they occur at or about the surface of the earth, 
H being the sun, and a the place immediately 
beneath it, which is also coincident with the 
magnetic equator. By this diagram we shall 
have an illustration of the hypothetical effect 
cm the inclination of Ihe nee^e. 

2921. Considering the point a first, and as- 
suming as yet that the of change in 

the air is always at tbe surface of the cartii, we 
shall find tiiat there tiie lines of force will open 
mrt, preserving in kyme degree their paralld or 
cmncentrinitelati<m.: consequently a magnetic 
every direetioh, 

^sirefore hddng up Itspodtion tn theiliae of 
fore^Hcinightikot^ if phused at t^epidb^ to heair 


teied m ito potitien. It eiii^t to 
a diminuticm of msignetie fc^ee traitfasjltj^ 
through that spot; but, for the reason beia^. 
given (2868), I conclude it would incfieete a 
greater intensity, the increased powar thm^ 
upon it through the diminution of the conduetp 
ing power of the air in that place causing it b 
act as a more powerful needle. ; 

2922. Proceeding to a point b, there the lines 
of force have dip. The same physical effect v^U 
be produced upon them here as before> i.e., the 
poriicms in the atmosphere will open out; tajt 
neither here nor in the former case will they 
continue to have the same curvature as before, 
for towards and in the earth, where they have 
their origin, they are restrained more or less 
from altering by the unchanging action of the 
earth (2919); whilst at thdr more advanced 
parts, as at c, they enter into portions of Hhe 
atmosphere which are near^ to the most 
tense lines of solar action, H C, probably also 
into the region of most intense action, and also 
into space, circumstances which cause more 
displacement of the lines, tending to separate 
by the tension of the parts altered in the air, 
than can happen in the earth (2848). Bo the 
magnetic line of force at b will not move par^ 
allel to itself, but being inclined a certain de« 
gre^ to the horison, when in the normal condi- 
tion, will be more inclined, i.e., will have mme 
dip given to it by the presence of the sun* TMIfl 
is the fact made manifest by the needle when 
indicating the position of the line as to in€lin%- 
tion (2908) at Hobarton, Toronto or ebewh^ 
by the rnotim of its upper end; for it is nuMd- 
lest that whatever happens on one side of the 
place of the sun and magnetic equator, when, 
as in our supposition (2920), they coincide, v# 
happen on tiie other. 

2923. The case may be more sknply 
lor ihe facility of. re<^lection, by sa;i^g 
the effect of the sun is to raise the 
curves, over the equatorial and neii^bom^ 
parts, from their imrmal portion, in de^ 
whidi the north and south dip are simultsn^ 
eously affected and increased. 

. 29^. At the frfaee d Him 
c&iation must he produced, and 
itfdmuld beaffeeted m the sanmdhectii^^ei^^ 
at N. and 8. At the point a theiiicli|i|^3dfi 
supposed to he not at afi alta»di htsi! 
either north or south, the dianges appear WmI 
increase. It is not probable that the masjwpa 
alteration will be at N« (ht S., but the fatlfcude 
where it wHl Qoeur must depe^ 
oosQoiiied dirGumstanoea hriong to 







tif « idikli * 

2 faiiw eatdMVQUrad to descatibe, is Motii^^ 
lebftolviiig. 

IBtSw Itastead of assotting that tiie sun is at 
H, iMb US sQppMe tiiat we are looking at the 
dtatfraoii in a rerUeal position and towards the 
SSM; tine sun coming up bom tiie east and pass- 
ittg over our heads, and hrins^ with it that 
Stritdllilon of our atinosphere whidbi is the cause 
«f this thange. As it does so, all the magnetic 
turves would rise; the inotiaation would in> 
dtease at 6, d, and every place where there was 
Sny previously, in opponte directions on the 
two sides of a; this would go on until the sun 
was in tiie aenith, and then as it passed away 
and sank behind us, the lines would draw in 
again and the dip <Mminish to what it was at 
Im.'The maximum of dip Would be whmi tiie 
son Was near tire senith, and themimmumwhffli 
-ha was quite away. 

'S926. But if the resultant of force be above 
in the atmosphere (2037), whith is by far the 
tnost inobaUe, as it is the whcde atmosphere 
which acts by heat diamagnetieally, then the 
results wotdd be modified; for if over a, the 
lines of force might be depretsed, and any in- 
tlfinattkm there would be diminished; at b it 
might not for the momoit be affected; whilst 
in highw latitudes it would be increa^, ao- 
as the line of force from the resultant 
In the atinoephete^ wherever that might be, 
Outidde of the an^e formed by the hiciina*- 
tion with the hotison of a given place or -within 
ihSt. Helena, theCapeof Good Hope, and Ho- 
barton, fiimhh instancee of the three cases. 

>• At the same time the total force would 
imtorgo a change in its amount; that trans- 
IfoKM through u fiiven quoe would be least 
Wtat the sun was in the aenith, and most when 
IsttMu away (2863). Ihe total variation in the 
•aMd'ShottId be greatest «t a, and diminiBh 
Hiom, thence towards nmth aaul south. The 
Sdaii^vi^htihmaoftimihaUnationaresoimpep- 
iMem taiomi to us at laesait that we cannot 
mjf Ikmv for tibe natunt <hange8 -will accord 
these oqpedled vatiations, but as to as 
tibehbarvntiiutt go they agree with the the^ 
(1 tns. Sr the sun, histead of bting over t^ 
dQimfeor, is at a tM>pie and #o vertical, for in* 
tmtsux^ over b, then timetBNfo wiUi^ 

« 11m resultant stiShNiU|a8Si^ 

Ifoniml liinw whhh iNime were luA 
' beejqfouied fo danMod and Isssea the 
I, tndlatf otiur lintw in hi^ur teti* 
t iMihineireM 

riMSt ImMitiMbidbutadi sad other 



tises'hetstifi ld^for''liditi^<'hav(^ 
thtilii) ifieBnatiim^' faHaeasedi; ^<tb« eSihraide 
thnequatbr, thetandeiiny el i&elinM'Wei^ 
be to inetease in inoKaationJ >> -> : • 

2929. Proceeding to.that part of the etpect* 
ed change iff poation of the free nee^ -troch 
producee variations of decUnoHon, let e r in Fig, 
16 rquresent the sun’s path in the equator, a^ 
tiie same at the troincs; let m r be a 
magnetic meridian, and a o’, i c o' places of 
eqtud north and south' mdimtion on opposite 
sides of the equator. Ihe curves of mametic 
force sem inffiont in Fig. 14t are now p the 
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plane of the magnetic meridian, but may be 
considered as rising on opposite tides of the 
equator and coalesdng over it. If the air on all 
sides were in its mean conditiim and the sun 
entirtiyaway, these curves woiild be in the vei^ 
ticai plane m r; or if the sun near midday -was 
so placed that the resultant of the Imated and 
tiuinged atmosphere was in the meridian m r, 
thoi^tfffeetsofinclination would occur (2922), 
titil ^ curves wodd remain in the same vei^ 
tiCal idane. But if the resultant were either to 
-tbseastor tiie-westof m r, -variatkaiseldetik- 
atioa would be produced.; Fot Buipoae the sun 
to be ad-vamting from theoaat or r; beeauae it 
ipves the air a (fiamagnetie comfition, the Hues 
^l(»<efrw««ddtendtdeipBnd (2877>Vandtiwre- 
-fcoe move westward,' M r^reseated m the me- 

iridfon «a; aadithe defiestiem caused thereby 
weiddbe^ydatsig^tipou tiwsmfooeuf theearth, 
becaUae it is burvetas tbiy-enter 

the!eaitbmbh<id ahd ittgmiimd fo 
itwortnoimat pOstifoU'^ll^'As'lhw.wwiiw 
-bimoiqihnro came >014 fibs weshmi'dbfieetam 
wowy bociaii»4o « eSdtsfo mitaul^ thm 
-iBmhfitir 

'^rmiaiii&mibut its th6%tor.!pwas!«i'^^ w 
' -itinhh wndwamu as amsephutUtriiitMmtifid ' 
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iaropie, md^Utertiiiittaat m t^atmo^diere 
therefbve to tito north of the stations a^or 
though that would znake a difference in the 
amount tht dedination variation, it. would 
notslterJtsdwscti^ for still the curves a a' and 
i t' wotdd bear to the west as the sun came up, 
and would be on Ihe meridian when the result- 
ant was there alsoi There would be more ^eot 
produced at i than at i\ but the contrary char- 
acter of the dip, in respect to the sun’s place, 
would not fdter the direction of the declination 
variation* 

2931* A cold rei^on of air acting, as at the 
coming <m of night, upon the lines of magnetic 
force of the earth, would, by virtue of its parar 
magnetic dliaracter (2865) , produce correspond- 
ing effects both of inclination and dedination, 
but in the contrary direction. 

2932« Thus the lines of force which issue 
from the earth at all places upon its surface 
where there is any dip, will, by the hypothesis, 
under the daily influence of the sun, describe 
by their ascending parts a closed curve or ir- 
regular cone, the apex of which is below. As a 
fact this result is perfectly wdl known, but its 
accordance with the hypothesis is important 
for the latter. The mean position of the free 
needle will be in the axis of this curve or cone, 
and its retUm, either in declination or inclina- 
tion, to the mean is an important indication of 
the amount and position of the variable forces 
which influence it at such times. 

2933. My hypothesis does not at all assume 
that the heated or cooled mr has become mag- 
netic so as to act directly on the needle after 
the manner of a piece of iron, either magnetic- 
ally poW or rendered so under induction. There 
is no assumed polarity of the oxygen of the air 
other than the omidnction polarity (2822, 2835) 
consequmit upon a dig^t alteration of the di- 
rection of the lines of force. The change in the 
mgnetii)^ emiducting power causes this defle<> 
tion of the lines; just as a worse conductor of 
heat introduced into a medium of better con** 
^'loting pdwUr dirturbs the previous equable 
transfer of beat, sad gives a new direction to 
^ whidft is eoseubie^; or as in static el^ 
Wcity, a bo^ of more dr lesa specific inductive 
a uniform medium 
eqm^Janes of fwe which 
pmriomiy; tMsiim 

tihMIgei,! irf f^Ma^Tbe oaedle fay 

weae puaUal to 

po^ldaii 
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the atterad air, ahoidd he lAuxte about tbeiUMik* 
die, but may be very dfatamt, Ibe whole at Che 
magnetic lines about the earth are hdd by tiMir 
mutual ten^n in one connected senritive mwi" 
tern, which has no sluggishness aoyvdwre, but 
feels in every part a cmmge in any one partie* 
ular place, Tii^ may be, and is can1anua%, a 
new distribution of force, but no suppreadoai 
So when any diange h diiection happens, naar 
or distant, the ne^e in a given putra foal 
and indicate it, and that the more senribly ae* 
cording to the ndnity of the {dace and the IdiMl 
of change induced; Itot the dispoation of the 
wAoie system has b^ affected at tiie same mo* 
meat, and therefore all the other needles will 
be affected in obedience to the change in the 
lines of force which govern them individually, 

2935. The needle is a bakmee on which all 
the magnetic power around a given locality 
fastens itself, even to the antipodes, and it 
shows for each ]^e every variation in tii^ 
amountor disposition, whether thatoocunnear 
or far off. Its mean position is the normal poai> 
tion; and as regards atmospheric changes, the 
fixation of the lines of force in the earth (2919) 
is that which tends to give the lines a standard 
position (exoludve of secular changes), and so 
bring them and the needle back from tl^ di»« 
turbwl to their normal state. Hence, whiM 
conndering the causes which disturb rither the 
declination or the inclination, arises the inn 
portance of keeping in mind tlm mean poritioa 
or place of the nee^ (2932), and not menily 
the direction in which it is moving. 

2936. So the well-known action ^ tiie msa ett 

the needle is, by my bypotheris, very iadiiect; 
the sun at a given place affects the atmoqibsM; 
the atmosphere affects the direction of thd 
lines of force; the lines of force them affect thWNt 
at any distance, and thme affect the newto 
which th^ respectively govern. ' 

2937. 1 have, for the mk» of convenfoaMhi 
oonridering asperial action of the atmoqihsi^ 
epjken of the reenltaat in the atmosphm dil^ 
pendent on tifo aun’s presence; and will do so « 
little whfle longer irithout implying aiqr 
aeticm of tifis resultant, or tl^ portioned «||lr 
which lyfolds it, 'upon fhe needle (2933), fovviM 
sake of conclidwing at what piobalde hsyittll! 
u sitimteri in thfl tdr. That it eannet boMi ws 
surface <rf the eaitii, a jdmwnlyth»dtpWw^ 
at the fines and diminution of tfan dm, at Jit 
B^ena and ShMai)o>« dmiof 
day; arid that it is not even 
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allows l)y the inamser 

pi^BceieB, m some degree^ the mix, as at 
aaid Toronto, and other places by 
different amounts of time; neither the time 
when tiae sun is on the meridian, nor the time 
when the observed tanperatufe is highest (for 
that is after the sun) , is the time of greatest ao« 
tion, but one before eitiier of these periods. 
The changes in the temperature of the air pro- 
duced by the sun, will not take place below 
and above at the same time. The upper re- 
gionaof the atmosphereoveragivenspot are af- 
fected I^the sun at his rising and afterwards, 
before the air below is heated; and therefore 
the effect from above would be expected to pre- 
cede that below. The temperature observed on 
the earth does not show us, for the same time, 
tiie course of the changes above, and may be a 
Tory imperfect indication of them. The maxi- 
mum temperature below is oftoi two, three, or 
four hours after the sun, whereas, whatever 
beat the sun gives by his rays directly to the 
atmosphere, must be acquired far more rapid- 
ly than that. It is very probable, and almost 
certain, that at 4 or 5 o’clock A.if . in the sum- 
mer months, the upper regions may be rising 
in temperature, wMlst on the surface of the 
eartib, through radiation and other causes, it is 
falling. The well-known effect of cold just be- 
fore sunrise in some parts of India, and even in 
our country, is in favour of such a supposition. 
We must remember that it is not the absolute 
temperature of the air at any spot that renders 
it influential in producing magnetic variations, 
but the differences of temperature between it 
and surrounding regions. Though the upper 
lei^ons be cold^ tium the lower, their changes 
inay be as great or greater; they happen at a 
range of temperature which is probably more 
inSuentkd than a higher range (2967); and, 
what is of importance, they occur more quick- 
j^ jmd directiy upon the presence of the sun. 
Hm quantity of heat which the atmosphere 
directly from the sun’s rays, is indi- 
cated by tiie (flffmcnt prqportions we recdve 
finkh him when be is either vmtical or oblique 
and so sending his beams through less or 
mi»«'air;and when he has departed, &e upper 
, parteoftimair are far more favourably drcum- 
for rapid cooling by radiation tiran the 
So that tim fimd changes may 
ns great or, greater than bdow, and we may 
or their order, or time, by 
idMervat^^ temperatoreat the earth’s sur* 
aditttioii therefore to observatimis of 
;^iaipiietfe eflbet^ as dqnessioQ of the Ihms of 


force at St. Helena, th^:e are appat^eeitly 
reasons dedueiUe from physical causes, why 
the chief seat Of action should be above in the 
atmosphere. 

2968. In the midday effect the upper end of 
the needle passes the mean position (2935) on 
its return to the east generally before the sun 
passes the meridian going westward. At To- 
ronto it is about an hour in advance; at St. 
Helena and Washington an hour and a half; at 
Greenwich and Petersburgh two hours; at Ho- 
barton and the Cape of Good Hope the pas- 
sage is about noon. Such results appear to indi- 
cate that the place of maximum action it in ad- 
vance of the sun; and it probably is so in some 
degree, but not so much as at first may ^ sup- 
posed, as will appear, I think, from the Allow- 
ing considerations. 

2939. The precession of the time of maximum 
action may depend in part upon som^^such 
condition as the following. As the sun advances 
towards and passes over a meridian, the air is 
first raised in temperature and then allowed to 
fail, and these actions produce the differences 
in different places on which the magnetic var- 
iations depend. But they depend also upon the 
suddenness with which or the vicinity at which 
these differences occur. Thus two masses of air, 
having equal differences of temperature, will 
affect the lines of force more if they be near to- 
gether, and to the needle, than if they be far 
apart. And again, if a body of air were of a cer- 
tain low temperature at one part, and, pro- 
ceeding horizontally, were to increase rapidly 
to a certain high temperature and then dimin- 
ish slowly to the first low temperature, such a 
body passing across a set of lines of magnetic 
force would affect them in opposite directions 
at the fore and after part; but it would affect 
them most on the rapidly altering side. 

2940. Now the air as heated by the sun must 
be in this condition. According to analogy with 
sdiid and liquid bodies, being exposed to heat 
and then withdrawn, the changes of tempe^ 
ature that it would undergo would be more 
rapid in the elevation than in the falling, and so 
the changes in the preceding would be more 
rapid than in the following parts. To this would 
be added the ^ect of the atmosphere warmed 
by the earth ; for as that is slower in attainhig 
heat, as is shown by the time of ma»mum tem- 
perature, so its effects being j^radually co^ 
mumcat^ to the air above, as the sun passed 
away, would tend to retard its fall and i^largs 
the difference afreiadyi^po^ 
cmisidfiiationsto the natural ease, 
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est ifiMffeci and tiie greftteat mriatioii ahotdAbe 
towitida the west, and the foMowing or leaa^ 
action towards the east of the sun; and the 
mean condition of the needle for the whole 
change would be in advance of that body. 

2941. Mr. Broun has made observations of 
the daily variation at different heights, name* 
ly, at Makerstoun and the top of the Cheviot 
Hills, where the height differs by nearly half a 
mile, and finds, 1 believe, no difference in the 
intensity, but that the progress is first at the 
higher station. It would be very interesting to 
have an observatory up above, but to give the 
results required it should have air and not solid 
matter beneath it. 

2942. There is another circumstance which 
importantly influences the times of the pas* 
sages of the declination variation. If two places 
north and south of the equator have equal dip 
and contrary declinations, i.e., if both their up- 
per ends point east or west,- then the effects 
ought to correspond and form a pair. But if 
both have east or west declination, according 
to the usual mode of marking this effect by the 
north end of the magnet, then the variations 
already described should come on as the sun 
passes midway between them, but there should 
be a difference in time. As the luminary appears 
and approaches, the needles a and b (Fig. 10) 



i 

Fig. 16 


^ most probably be affected together; but, 
as be draws if the places have eastern 
dedmatJon, tim one that is south will be soon* 
mt footed, and for the tixne most strongly, but 
jrill in a period more or less extended, be fol* 
towed by the <H3mi^pcmding action at 

?or as needle will have retiumed 
to® Stist half of its series of dmgsa to 0® 
^ &e riiM on its saa^Eietie marid* 


iaa, aodasit wfflanivpM^a^ 
gards the south iieQdb,.brfQreit does So: 
north needle, so the south magnet rimuld pm^ 
oe(to the other in its changes. If the deihnai^ 
of both were westerly, then the north nee^e 
would precede the south. 

2943. The hypothesis advanced, berides 
agreeing with the facts regarding thedirectsen 
of the needle’s motions, as is the ease gienerallyi 
and if my hopes are well-founded, will be the 
case also in more careful oompSri^s; should 
also agree in the amount of force required for 
the observed declinations at given hours. I have 
endeavoured to obtain esq^erimental evideasM 
of the difference of acticm of oxygen and nitro* 

on needles subjected to tiut earth’s power, 
but have not yet succeeded. This however is 
not surprising, since a saturated solutioaa of 
protosulphate of iron has failed under the same 
circumstances. More delicate apparatus may 
perhaps yield a positive result. 

2944. That small masses of oxygen should 
not give an indication of that which is shown 
by the atmosphere as a whole is not surprising, 
if we consider that the mass of air is exeeedii^ 
great, and includes a vast extent of the curves 
on which it, by the hypothesis, acts; and yet 
that the effect to be accounted for is exceeding 
small. The extreme decimation at Greenwich 
is 12’, equal to about 4’ 24’^ of east and west alk 
teration on the free needle, so that that is the 
whole of what has to be accounted fori One 
could scarcely expect such an effect to beshown 
by small masses of oxygen and nitrogen acting 
on only a few mcbes in Imigth of the magd^ 
curves passing through them, unless me oolM 
use an apparatus of extreme and almost 
nite sensibility; but from what Z have seauiil 
oxygen when compared at different degrees of 
dilution (2780), or at different temperaturae 
(2861), I am led to believe that the effects on it 
produced by the sun in the atmosphere'trSl 
ultimately be found competent to produce these 
vwiations. 

2945. Where the air is changed in tmnpeetr 
tare or volume, there it acts and thereit 

the directions of the lines of force; and thSseigr: 
their tension carry on the effect to mosstihiip: 
tant lines (2934), whose needles are accor#^^^ : 
affected. The tinnaferred effect wffl be 
or less aix^mding as the distanm am 
greater, and hence a change near at hand 
overpower tiiat at a distance, and a cloudalose 
to a station may for the monient do 
the rising ettHi These ere 
tions; and the extent of 
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Hmm lasr Am pli0t<)gr»|dik t^ieonk erf Omn* 
iKddi 4ttd Toronto, 'volume of OmnuM 
OimrvaHitmB for 1847 contidiiB a pheytographid 
tvoord of the deolmatiou changes, February 
18^18, 1849. Between 6 and 7 o'clock there is a 
variation of 16' occurring in 18 minutes of iame^ 
or at the rate nearly of 1' for each minute of 
tee. The course of the mean Variation for the 
same date and time is 1'.95 in two hours, or at 
the rate of 1 second for each minute of time, so 
tet the irregular variation (vdiich may be con* 
sidered as a local variation in respect to the 
sun's power for the time) is sixty times that 
due to the effect of the great resultant; more- 
over it was in the reverse direction, for the 
temporary variation was from east to west, 
whikst the mean variation was from west to east ^ 
^^2946. Another mode of showing how much 
te action of nearer portions of the atmosphere 
may overpower and hide the effect of the whole 
mass, is to draw the line of mean variation for 
the twenty-four hours through such a photo- 
graphic record as that just referred to, and then 
it vm be seen in every part of the course how 
small the mean effect on the needle is, com* 
paaed to the irregular or comparatively local 
effect for the same moment of time. The mag- 
net with which these observations were made, 
is a bar of steel 2 feet long, inch broad and 
a itiuarter of an inch thi^, and therefore not 
ob^^t to sudden impulses; it is probable that 
a Short, quidk: mapet would show numerous 
cases in which the irregular variation would be 
several hundred of times greater than the mean. 

all these irregularities and overpowering 
laftsenoes of near masses are eliminated 
taking the mean of several years' observation, 
and thus a true result is obtained, to which the 
hypotiieris advanced may be applied and so 


^ 2918. I te& haro bcoate to 
nmtith^ means Imte tein teteiteie 
iter to the effect of till sun^amkual approach 
and recessimi indicated by tern terns, as acs 
cordizs^ witii the hypothesis in respte ^ tiear 
and distant actions (2945). Hobarton and To- 
ronto are in opposite heirispheres, so th at the 
sun whilst at^roachihg one recedes frmn the 
others and the amount of variations teiofore 
chan^ in opposite directfons. Bdiow is the 
average for each month, derived in the case of 
Hdfaatton from a mean of seven years, and in 
that of ‘Torteo n mean of two ; 


Hobarton Toronto I 

Lat. 42<» 52'.5 S. Lat. 43» SW.] 


11.66 

6.61 ^ 

11.80 

6.40 -'V • 

9.50 

8.50 \ 

7.26 

9.62 w 

4.56 

10.34 

3..70 Winter 

11.99 

4.61 

12.70 Summer 

5.89 

12.68 

8.24 

9.72 

11.01 

7.69 

12.05 Summer 

5.76 

11.81 

4.47 Winter 


January 

February 

Match 

April 

May . 

June 

July, 

August 

September 

October 

November 

December 


The two stations are in latitudes differing only 
47' from each other; and the extreme differ- 
ence of the atmospheric effect between sum- 
mer and winter differs as little, being at Hobar- 
ton, which has the highest latitude, 8'.35, and 
at Toronto 8'.23. 

2949. According to Dove, the northern hem- 
isphere is warmer in July than the southern 
hemisphere by 17*'.4 Fahr., and colder in win- 
ter by only l(f .7 ; the numbers being as follows: 

Northern 


994T. Betatmng for a dwrt time to the an> 
ami Taiiaticm <2i^), I may obwrve, that it 
hae been a good deal considered in diteoustdng 
the daily variallian. The arrangement of the 
aatiMtio efftota by Cdond SaUne at Hobai> 
lUOi Thronto, Bt. Bdena and daewhere, into 
am^ly ptuhtiona, proves exeeedingly instroo- 
aaid impoitant, espeeially places b»> 
tw ee n and near the tr^os. It aopplies tiiat 
' Jtind of aaalytis cd the annual variation idiioh 
|i.g|vai by dte bottn for the daily variation. 

ifiantfa^ by aeomiMaiam of ita eurvairitit 
Bpliieaf otiin* ttunriha, taUaita mm iNovy, at 
tesMysift ftliat it linki its nvedeosssor ly^d 
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hemisphere 53*'.6 


Northern 

hemlq)bere 


MMStitewhoh 

globe 


The mean for the whole year is 5y*.9 for the 
northern hemiqdmre, and 56^6 for the south- 
ern. Therdote, aa Dove further ribows* ^ 
whole earth ia to ^uly, sriten tile aua ia airinins 
av« the tenaiqiueoua parts, B* hig^or to tern- 
peroture then to January, when it to ovto the 
watary ngiona: and from the influanm of tto 
■arae oanae, tha mean of the aemtiMim boris- 
pboM to ir.4 below the mosn of the mriheia 
half of tbs atoba. Tba dttaeeseOiistonW ^ 
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(Mei«Mw«m>n pMtiSai$iB thdr wTHogegBOieat 
and 80 Jbcge ia amount, that they mnat have an 
eSeot uptm the diatributkm of the magnetic 
forces df itiie earthy but the data are not yet suf- 
ficient to enable one to trace the results. Sfr* 
bineindicates a l)robabiUty from his analyns of 
observations that the sum of the earth’s mag- 
netic force is mcreased in intensity when tiu 
sun is in the southern signs, i.e. in our winter 
(2891). I should have expected from theory 
that such rosults would have been the eaee^ at 
least in those parts where tiie dip was not very 
great; because a coldcsr atmosphere ought to 
conduct tire lines of magnetic force letter, and 
therefore the systems round the ear^ might, at 
such a time to condoue, as it were, in the cool- 
er parts. It would be doubtful, however, whether 
the needle would show this Terence, because 
the lines of power would not .be restrained 
above, as in the case formerly supposed (2922), 
but could gather in from space freely. iFrom 
what has bear sud, however, it will be evident 
that such a condution can only be drawn with 
any degree of confidence from observations 
made pretty equally over both hemispheres. 

2950. If we should ever attain a good knowl- 
edge of the annual variation for several sta- 
ticms in different parts of both hemispheres, it 
would hdp to give data by whidi the depth at 
wUch tiie nragnetic power is virtually rituated 
might be estimated; for, as this power is ex- 
pect^ to undergo undulations over very large 
portions of the earth’s surface the anni^ 
dumgm of tmnperature (2884), so they would 
diffw in dtaraoter and extent according as the 
origin of the lines should prove to be more or 
less deeply situated. 

2951. 'Vl^th regard to tire many vataaticms of 
magnetie force, imt periodic or not so m rela- 
tion to ^ sun, whs^ ;^t i»oduce the stregu- 
lar and otemiHag ohanges already tefmred to 
^5), depemlsntras Isuppose, on.ioeal varia- 
tions of tiie atmesphete, 1 may be allowed to 
notice sttdi points as Imve occurred to 
®y mind.-, 

2952. 31|^«argfngprs8si0«of tiieatinocgAeiret 



fore it dees wti mtiiw p oip lMs that tiiet.<pgie 
tity over a given qpaee ol the earth’s «unMb 
whether it be teoogaissdby vdwsMas ahowh^ 
or by wei^t as ia a given vtiome at the earing 
surf ace, should be varied to the extent (d OMf 
tenth of the whole aum without produting a 
oorreapoinding atteration ia tiie diatributieanf 
the magnetic force; the linea bring drawn teir 
gether and tiie force made more intoiae an 
increaae of the quantity or of the barometiie 
pressure, and the revmse efifecta produoed at 
the occurrenee of diminished preasdie. 

2963. At any spot whirii b toward theotsBlH 
fines of that space where, the air is increiuucgiiQr 
diminishing in piessore, thme will proha^ 
occur variations in the directions of the linaa^ 
force, and these will be more marked ai«d^ 
places as haiqpen to be between two otlieni,iB. 
one of which atinosphere is aocumulatfail^ . 
whilst from the other it is retreating. Whether 
these changes (which I think must oomtti 
produce by vicinity effects large enaQ^iio'IWf 
come senrible in our magnetic .instnunenA^ js 
a question to be resolved hereafter. T6 nqp- 
gert the caitte ia useful, because to know of the 
existence, nature, and action of a cause, is jna> 
portant to the arrangement the best mesns 
of observing and evolving its effects. 

2954. Winds and Uurgs eurrmis qf air ntsss 
may often be accompudcd by magnetiorhw^phi 
if they endure fw a time only. A eonati^ 
stream like the trade-wind, may have) f es^ '. 
stant efferi; but if, when tiie atrangementN«f, 
the lines of ma^etio force tiuouj^ ^ atmqst 
phere is in a given state cemsequent upon 
condition of the atmosphere at tiutt 
wind arises wldrii mixes reghsid of cridiapid.’ 
warm air t(^|ethetr« or makes thaairmcffeddip^' 
in one region thm u ua o the t , or pr!oaB8dii)g!fr^ \ 
one to another, briances refloat widdh.|M(W : 
were in diffetmt tonditiiMis, thira:ev«i)y |a#X 
riuiige will be acecsapsiiied'l^ aocmm^oii^eg 
change in thediqierithmQf tiwmaguetu'il^^ 
to wUrii weraay pedups hereBy^;be«^%\' 
refw means of our insfanments. ihna tiM 

in the air «a|dd> to pMdqee speffeet^tiipeii^ll^;. 
nuiy be far too. amaU to. be rendered aeuttlar'. 

2^. The j^eripitation edraensr saettien. 
theoretieti leasonior the change of megniiiS/ 
relations m the ^aee where it tohee {daoeklMr' 

oititBi&tt'onauB, and-triievtoiti.'&Qeaiin|ii^ 
titgref chlotingdianiagDetie ornie^tnirelet^ 
A eftfSinp hfliMem wripU sftwt^ n eBfB ip^ 
aaiuniaeii'idi^. CbedsiBi^luiw 
ftMpce mpiq <riingisd(»MitiBto-)iiiC 
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tbrir dsSemM bom iiti§^boumg rei^i^ of 
jdeair <airi ajid at other times by absorbing the 
aun^ rays, and causing the evoluticm of eaisi- 
bleheat at different altitudes in the atmosphere 
at different places, or preventing its evdiution 
more or less at the surface of the earth. Those 
inasses of warmer or colder air of which me- 
teorologists speak, which being transparent are 
not sensible to the eye, will produce their pro- 
})ortionate effect And hypothetically speal^g, 
it is not absolutdy impossible that the hot and 
partially deosygenated air of a large town like 
Xiondon, may affect instruments in its vicinity; 
and if so, it will affect them differently at dif^ 
toent times, according to the direction of the 
wind. 


2956. If one imagines on the surface of the 
eutii aspot which i^all represent the resultant 
there of the atmospheric actions above, and 
can conceive its course as it wanders to and 
fro, under the influence of the various causes of 
action which have been in part referred to, 
whilst it still travels onwards with the sun, one 
may have an idea of the manner in which it 
may affect the various observatories scattered 
over the earth. 1 believe that its course, as re- 
gards the east and west direction of its wander- 
ings, is partly told in the photographic regis- 
terings of Greenwich and Toronto, teing there 
min^^ in effect with other causes of varia- 
tion. This spot may be concentrated or diffuse; 
it may pass away and reappear elsewhere ; there 
may even be two or more at once sufficiently 
strong to cause vibrations of the needle 
tween them. 

The au!«>ra borealis or australis can 
hardfy be independent of the magnetic consti- 
tution ^of the atmosphere, occurring as it does 
witiun its regions, and perhaps in the space 
above. The place of the aurora is generally in 
those tatitu(to the air of which has a distinct 


mag^etieielation, by difference of temperature 
imd quantity, to that at the equator, and the 
magnetic ohaiaoter both of the aurora and of 
the niecfeim in which it occurs ties than U>- 
(herelore, to be aware of and to under- 
eWad in scmmjciegtw tiie lat^ will probably 
us to a be^er oomprahention of the for- 
m^ Tbe is alr^y connected with 

dU^iubanoeeaiid etoims; it may in 
ecnmeet them witfa changha in the atmoe- 
Vpii^ in a maiiner at antimpated, 

b Idunded u 

I deaerviag of eontidemt^ 



tion on which I would offer tiie foBoaiag ob* 
servationSk Supposing a magnetic rest in the 
atmosphere, and that all local or irregular var- 
iaticms remained unchanged for the time, then 
if a change happened in one place it would be 
felt instantly everywhere else over the whole 
earth, and in proportion to the distance from 
the place of change. It would be fdt instantly, 
because the impulse would not be conveyed 
chiefly or importantly through the matter of 
the earth or air, but through the space above, 
for the lines there are affected by changes in 
that part of^tl^m which passes through the at- 
mosphere, and, as I conceive would affejiet the 
other lines in space round our globe. Which 
would in turn affect those parts of theirmes, 
which, passing downwards to the earth, gdvem 
the needles below. In space, I conceive that the 
magnetic lines of force, not being dependent on 
or associated with matter (2787, 2917), would 
have their changes transmitted with the veloc- 
ity of light, or even with that higher velocity 
or instantaneity which we suppose to belong to 
the lines of gravitating force, and if so, then a 
magnetic disturbance at one place would be 
felt instantaneously over the whole globe. 

2959. But the difficulty is to conceive an at- 
mospheric change sufficiently extensive and 
sudden to make itself perceived everywhere at 
the same time amongst the comparatively local 
variations that are continually occurring. Still, 
if there were a lull in these disturbances by the 
opposition of contrary actions or otherwise for 
the same moment of time at two or more places, 
those places might show a simultaneous effect 
of disturbance, and that even when the cau^ 
might be very little or not at all sensible in the 
pli^e where it occurred. A simultaneous change 
over an area of 600 or 800 miles in diameter, 
might produce less alteration in the middle of 
that area than at the extremities of radii of 
1000 miles. 

2960. It becomes-a fair question of principle 
to inquire how far masses of the air may be 
moDedby the power of the magnetic force whnh 
pervades them. When two bulbs of oxygen in 
different states of density ^ subject^ to a 
powerful magnet with an intense field of fo^ee, 
themechanicaldisplaeement of oneby thaother 
is most striking. "Aether in nature the 
mouB vofaimeB of air concerned, and the diffe^ 
ence in intensity of tiie earth’s mag^etio foa*^ 
at fihe different latitudes where tla^ may ^ 
mipposed to be located, eomlnned with the du* 
ferenoe of tempemtuse, aie suflEkdeat to^ec^" 
pensatelor tteiDPudl|xo^^ 
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air anil the axoaller vanations in density, is a 
jBatter that cannot at present be determined. 
The diff^^ntial result of motion, as has been 
shown, is very great where the direct result^ as 
of compression, Is not merdiy very small but 
nothing (2750, 2774), and the atmosphere is a 
region where the differential action of enor- 
mous masses is concerned. 

2961. Now in the matter of difference of in- 
tensity, Gay-Lussac and Biot conclude from 
their observations,^ that the magnetic force is 
the same at a height of four miles as at the sur- 
face of the earth. M. Kupffer, however, draws 
from Gay-Lussac’s results the condusion, that 
there was a little diminution, and Professor 
Forbes, from his experiments made in different 
parts of Europe, 2 concludes that ther^ is a de- 
crease of the force upwards. Such decrease may 
be a real consequence due to the difference of 
distance from the source of the terrestrial mag^ 
netic force; or, as is more likely, it may be due 
to the different proportions of oxygen there and 
at the surface of the earth. According to Gay- 
Lussac’s account of the air brought from above, 
it was as 0.5 to 1.0, compared with the density 
below. Hence the paramagnetic power added 
to space in the place above, from whence the 
air was taken, would not be more than one-half 
of that added by the presence of the denser at- 
mosphere below. This I think ought to make a 
change in the distribution of the magnetic force; 
it would almost certainly do so at the equator, 
where the lines of force are parallel to the gen- 
eral direction of the atmosphere (2881) ; and I 
think it would do so, as to the horizontal com- 
ponent, in the latitude where Gay-Lussac and 
Biot made their aerial voyages. It is also just 
possible that the observers may have been in 
such relation to the heated or cooled air about 
them as to have had the difference observed 
produced, or rather affected, by some of the 
tircumst^ces just described (2951). 

2962. Whether the result obtain^ by Gay- 
Lussac and Biot indicate a change of power 
due to distance or not, this we know, that there 

great changes from the magnetic equator 
toward the nortii and south; and that, as Hum- 
boldt and Bessel say, it is doubled in proceed- 
hig from the equator to the western limits of 
Baffin’s Bay. And when so little as one-third of 
^ cubic inch of oxygen can exert a force equal 
to the tenth of a grain, subject to the action of 
our powerful magnet, we may well conceive 
that the enormous sum of oxygen present, in 


only a fewnnlesolhested 0 CKde^ 
can oempensate fbrthe great diff^rehceof 
netic force, and so by a of place, eeme 
currents or winds having tiieir origin in mag* 
netic power. In sudi a case we should have a 
ration of magnets to storms; and the mag- 
netic force of t^e earth would ^ve to do 
the mechanical adjustments and variations Of 
the atmosphere, sometimes causing currentB 
which without it mi^t not exist, and at other 
times opposing those whidi mi^t else arise, 
according as the great differential relations fay 
which it would act <2757) should combine with 
or oppose the other natural causes of motion ^ 
the air. Such movements would react upoi^tbe 
magnetic forces, so that these would readjust 
themselves, and so there would be magnetic 
storms, both material and potential, in the at- 
mosphere, as there are supposed to be of the 
latter kind in the earth. 

2963. In bringing this communication to a 
close, I have to express my obligatioxus to two 
kind and able friends. Colonel Sabine and PitH 
fessor Christie, for the interest they have taJoen 
in the subject, and on the part of the fotmet 
for the extreme fadlities afforded me in the use 
of observations and the data derived from 
them; but in doing so 1 must be careful not to 
convey any idea that they are at all 

for the peculiar views I have ventured to put 
forth. 1 may well acknowledge that mudb wbksh 
I have written has been upon very insuffioieDt 
consideration; but hoping that there xoifjbt faf 
some foundation of truth in the account of tht 
physical cause of the variations which I have 
ventured to suggest, I have not hesitated to put 
it forth, trusting that it mi^t be tor tire adr 
vantage of sdenoe. The magnetic properties 
and rations of oxygen are peilee% ciw and 
distinct, and are establish^ by experiment 
(2774, 2780) ; and it is no assumption tomuty 
these properties into the atmosphere, because 
the atmosphere, as a mere mixture of oxygua 
and nitrogen, is shown to possess thm also 
(2862).’ It varies in its magnetic powms, by 
causes which act upon it tmder natural circum^ 
stances, and make it able to produce some such 
effects as those I have endeavoured generaiBy 
to describe. 

2964. If it be a cause, in pa^ only, of the ^ 
served magnetic variations, it is most import^ 
ant to identify and distinguish such a sounM 
action, even though imp^fectly; for the atibw* 
tion is then truly and intelli^tly <&ected fa^ 


CJWwfe, Am. xni. m LH. p. ae. Magaiimt. 1847, VdI. XXXI, 

UBS, Yol, XIV, p. ^ 406,409. 




. ii^flieeuntng |)erim&»% axid for tiifroameftetw 
%dil$ as « liuie ^uw of «ie^ Buppcwedio 

.^produced uid if tiie agreemott ehould 

.'.^Hipear ^ first oal^genondi still tiiat agreement 
greatiy rttengtiien its ddm to our sttsn- 
itiom It has the achnmti^ of offering ex^ansr 
ti^ iiDd evmi Buggesticms of many othm* 

'Wtio events besideB tbosO 'triiidi an pmiodicEd, 
and it presmitB itteff .at a time when ^ have 
jptt^or knowledge of any other physicid cause 
Jarthe variatkms, but are omistnu^ vaguriy 
terete tiwm to imaginary eurrentsof eleetrio- 
l^in the air or space above, or in the earth be* 
aealh. 

■ . fiOfiS.'Ihe causes, both of the origimdpowm' 
rind its seeate variations, are unknown to us. 
'But ff, aoe^tmg the earth as a magnet, we 
ahridd be able to distkiguish largely betwemi 
hitenal and external actimt, mid so separate a 
great riase of phmiomena horn the rest, we 
.sJmuld beenatded to d^nemwe exactly tiiat 
siii^ we require to know in both directions, 
itendd be eompetent to state distinctly the 
pnddetBS which need solution, and be te bet- 
ter afafo' to appreciate miy new hints fnma na- 
tUre ieripeotiag tiie souree of tim powor and the 
eitetB that it jwesents to ua. 

':)3060i Ihe magnetic ccmstitution cS oxygen 
seams to me wtndtwfiil. It is in the air e^t 
. h . the earth. Hie ahnost entire dtsap- 
pteaace of tiiiS'prapeity also, when it enters 
..IriloooiBihmatioii, h most impressive, as in the 
..^imgriitrogiriiB and oxyoarlxn^ and even with 
B reduoee into a ecmdition te be- 
viteeitiuri the metid or the mtygea, weig^ for 
4gah^ atidring ocmtrast witii tiie 
i;idtragsiii wideh ddatee B, tepresaeB themind, 
. Irid by the diffeteiioe recalls that which tdso 
imririS'hiriween them hi idatioo to static eleCi* 


(14M) imd tiwBlhtteqgfbHAl <3do 
bromine^ euranogen and its oongetaen, chem- 
ically speid^, have no magnetic leltikm to 
oxygm. In nature it stands in this reflect, as 
In aff itsohemicalaetiotiB, alone. 

2967. Them is much to do with oi^gen rela- 
tive to atmoqduuie nu^petiraa. Its propmtion 
of paramagnetic foroeatdiffnent trinpepttuies 
and difierent degrees of rar^action^ ^ re- 
quire to be accurately asoetuned, and this I 
hope to riSect by a tOrsion baktnoe, in eourae of 
coQstauo^on (2788). Indeed, I hope that this 
great shbject may be largely touehep and tried 
by experiment as well as by obsermtion, and 
therefore gladly make it part of thrim expmi- 
mental reseanhes. 

2968. One can scarcely think upon the sub- 
ject of atmospheric maeoetism withon having 
another great question suggested to the mind 
( 244 ^ : What is the final purpose in nature of 
this magiteic condition of tiie atmosphere, and 
its liab^ty to annual and diurnal variations, 
and its entire loss by mitering into combination 
dither in combustion or respiration? No doubt 
there is cme or more, for nothing is superfluous 
there. We find no remainders or surplpsage of 
aetion in ihydcal fcaxses. The smalled provi- 
non is as essential as the greatest. None is de- 
ficient, none can be spared. 

Hovd Itulihiiitm, SepterrAer 14, 1850 
APPENDIX 

BscBiviiD Notxhbsb 12, 1860 

The following tableenf data obtained at To- 
rento^ St. Petersbunh* Washington, Lake Ath- 
dbasoa and Fwt Smpsbn, sut^died to ine by i 
the kindness of Cdaod Sdbhie, have not yet ; 
beoi' publitibed. The dadn te Hobarton and ; 
Qiemrwidi are m the volumes of observations ! 
te tfaose staticms. 
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. ToiBOirso. MeaB Diumal variatm of the Total Force in the several months, from July 1842 to Jime 1848. 
Inereasing numters denote increasing Force. Mean Total Force at Toronto 13.9. 

The figures express the changes in parts of the whole Force. 
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knuBAKA^ loo^tade 111° 18' West Latitude 58* 41' Nortii. Mean dedioation 28’ East. 

Tttumttl y yi*{aiinn of the DedSuatim IB the months of October, November and December 1843, and Jan and Feb. 1844 
Ti ^Mwaing readily dmiote a movemmit of the south or upper end of the magnet towards tiie W^. 
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TWENTY-SEVENTH SERIES^ 


§ S8. On Atmospheric Magnetism (coniinued) 

RsoiimiD Notsmbeb 19, Read Notehbeb 28, 1850 


^ 3i. ExperimetUal Inquiry into the Laws of 
Mnmpherio Magnetic Aetion, and their 
AppiUeation to Particular Cases 

2969. Beueving that experiment may do 
much for the development of the general prin- 
dples of atmospheric magnetism, and produce 
rapidly a body of facts on which philosophers 
may proceed hereafter to raiseasuperstructure, 
I endeavoured to find some means of represent- 
ing practicafiy the action of the atmosphere, 
when heated by the sun, upon the terrestrial 
magnetic curves. The object was to obtain some 
central arrangement of force which should de- 
flect these curves or lines as they are deflected 
in a diamagneiac conductor or globe of hot air 
(2877), and then apply the results obtained by 
Buch an arrangement as a partial test to the 
various cases supplied by the magnetic observ- 
atories scattered over the earth. At first I en- 
deavoured, for the sake of convenience, to at- 
tain this desired end by means of a horseshoe 
magnet, employing the lines which passed from 
pole to pole to ^turb and re-arrange the earth’s 
force; but the comparative weakness of the ter* 
testrial force near the magnet, and the great 
prominence of tite poles of the latter, gave nse 
to many inconvenienoes, which soon caused 
nw to reject that method and have recourse to 
a ring-iielix and voltaic apparatus. Consider- 
ing the new use to which this helix is to be ap- 
plied, the interest of the results, and the in- 
struction that may be drawn from them, I shall 
be excused for being somewhat dementary in 
the description of its duuacter and action. 

2970. He helix consisted of about 12 feet of 
covered copper wire fomed mto a ring havmg 
idxmt twenty-five oonvobitions, and b^ m 
iiuhi in external diameter. The continuations of 
the wire were tvnsted together so as to neu- 
tralise any magnetic effect vdiich they could 
produce, and were long mtoi^ to reach to a 
ydtaie arrangement, and yet fdlow free motion 
of the h^. The leipiitite amount of magnetic 
power in the hdix may be judged of by the fd- 
wwisg conskierationB.' suppose a dedination 

> l^kgMcsMwl ftaseaeUem 1851, P* 88, 


needle freely suspended; and then the hAix 
placed at a distance in the prolongation of the 
needle with its axis m a line wi^ the latter, 
and with that tide towards the needle which 
will at small distances cause repulrionV He 
needle will point, in the magnet meiMan, 
with a certain amount of force; but as thejhelix 
is brought near it will point with lees force; and 
within a certain distance will no longer pomt 
in the magnetic meridian, but dther on one or 
the other side of it. There is a given distance 
within vriiich the needle, when in the magnetic 
meridian, is in a position of unstable equilib- 
rium, but beyond which it has a position of 
stable equilibrium, the distance varying with 
tiie strength of the exciting electric current. 
The power of the helix should be such that 
vriimi end on to the needle the latter has a po- 
sition of stable equilibrium in the meridian. 
One pair of plates is quite sufficient to make 
the helix as magnetic as is needful for distances 
varying from 4 to 24 inches. When a needle is 
properly arranged with either a magnet or a 
helix to the north or south of it as above de- 
scribed, if the magnet or helix be moved west 
the near end of the needle will move east, and 
contrariwise. 

2971. As is well known, such a hdix has a 
[qmtemofmagneticlines, which, passingthrough 
its axis, then opens out and turning round on 
the outride re-enters again at the axis, the cu^ 
oies of magnetic force beingeverywhere perpen- 
dicular to the riectific current traveiring the 
convolutions of the helix; and now I had, at a 
moment’s notice, a source of lines of magnetic 
power exactly of the kind required to pr^uce, 
in assodation with those of the earth, a dispo- 
sition of the forces coinriding rither with those 
of paramagnetic or diamagnetic polarisation 
(2865,2877). 

2972. For let Fig. 77 represent a section ps^ 
allel to the axis of the ring-helix, then the two 
drcles may repmeent the disporition of the 
magnetic force in that seetitm, and tiie anov* 
hea^ may serve to indicate t^t magn^e v* 
lectkm bdongS to lines of force issuM 
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cmt of fhe tiortii end of A iBAgiiet. If midi a 
tern be siiddei^ pvodnoed in the midet of the 
eartiti^s lines, it a4sts upon them according to 
the position of the helix in relation to the direc* 

© tion of the earth’s power. Choosing 
the two positions in which the axis of 
the helix is parallel to the natural di* 

O rection of l^e power, as shown by a 
free needle, at the place of observa* 
tion, then two contrary effects are 
produced, which, as regards the lines 
Fig* *7 exterior to tiie helix system, corre- 
i^nd to the polarity of paramagnetic and 
diamagnetic conductors. If, for instance, the 
helix is so placed that the polarity of its mag- 
netic lines, exterior to and in the plane of 
the ring, accords with that of the earth’s force, 
as in Fig, 18, then the earth’s lines are de- 



Fig. 18 


fleeted as represented, and a magnetic needle 
placed at a, which h^ taken up its position 
by the earth’s influence, will not tend to alter 
its position as the helix approaches it, though 
it will be acted on with more power. In other 
parts of the line, 6 a c, it will alter its position, 
standing as a tangent to the curvature, and 
therefore will be deflected sometimes one way 
and sometimes another, as it is carried along 
the line (or through the neighbouring lines), in 
place of remaining parallel to itself, as it would 
do if the electro-magnetic helix were away. 

xvuuu UXW UUC GIWVUU «r/, 

then the effect upon the direction of the ntigh- 
bouring lines of force would be as in Fig. 19. 



Needles placed at d and e would again be de- 
flected from the natural position given to them 
the eaxlh, but they would be deflected in a 
dirhem to that wfaldi would be tak- 
^ if th^ wei«l»<xwrespon(flng tituations un* 
^ the tmm arrangement. Thk figure and 


position of the foroee, as the former did tim 
diamagnetic oonditim». 

2974. It is not pretended that the whole of 
these arrangements of forces is like those d 
the cases of paramagnetic and diamagnetic 
conductors. Independent systems are here in-* 
troduced into the midst of the earth’s magnet- 
ic power, and the central part of each arrange- 
ment must therefore be excepted ; there are al- 
so attractions inwards and repulsions outwards, 
when the needle is at a and/, which do not take 
place in the cases of mere magnetic conduce- 
tion. But external to these helix systems, the 
arrangement imposed upon the lines of force 
from the earth is in accordance with that pro- 
duced by diamagnetic and paramagnetic con* 
ductors, and at distances from 2 in^es to 2 or 
3 feet; the lines of force thus altered, and those 
contorted by the sun and atmosphere in the 
great field of nature, are comparable in their 
direction, and may be considei^ as represent- 
ing each other. 

2975. In order to obtain a simple result of 
the action of such a centre of force on the mag- 
netic lines of the earth, I adjusted a rod in the 
direction of the dipping-needle, and also a plane 
at the foot of it parallel to the magnetic equa- 
tor at London. Then suspending a small mag- 
net, half an inch long, from cocoon-silk, so that 
when hanging it should be parallel to the mag- 
netic equator, it was adjusted so as to be near 
to the plane at the foot of the rod representing 
dip. The ring-helix (2970) was then associated 
with the voltaic pair, so that contact could be 
completed at any moment, and being always 
retained parallel to itedf and to the plane of 
the magnetic equator, could be brou^t into 
the vicinity of the needle on idl sides, above or 
below, and its action upon it observ^. As the 

current was so sent through the helix t^t its 
upper face would repel the north end of a mag- 
netic needle; for then a magnet, outside of and 
in the plane of the ring, would not tend to bnve 
its position changed, and the disposition of the 
forces of the earth under the influence of toe 
helix was as in Ficf. 18, or like that of a diaanag* 
netic oonductcur. 

2976. In making observations of tiiiakbid« 
and especially if the ling-helix is purposstjr rsh 
tained at a considerabie distance from the hcmik 
die, it is betoer not to connect the hefin 
manentiy with the battery and then tmnf It 
towards and by the needle, but rather to shCMt 
the place where the hdix action is to be ob* 
serv^and when tito belixk tiuwe ton^ 


m 




itf &e iMcdto b tbm eiMRly obBRTvted; w 

tbwuj^nascnof distance, be feeld 0 ,inak> H will cause the aaoM defleotieD, and albe as 
iagaad bnMddng i^ti^ a few times isoohio* longasitisia(ltewest;titbdle9eotioBwiflbe 
nooi^ with the viboiiaons of the needle soon more ot leas, but not change in (Section as n* 
ndseatbe effect to aajr degree required. gaids the neutral place. poaition of the 

It877. There are certain positions in respect hdiknorthoraouthoftheneedle'isOfnoetnise* 
to the needle as a centre which must be deitfly quence as to the directi<m of the declination, 
eoQ^irehffiided. Ihe magnetie aas is a Ime imvideditrwnainontiliesamesideofthtnuig- 
thfou^ the coitre of the free regular needle netic meridian, though it is to the amount. If 
IHivallel to the direction of the earth’s lines of tiie hdix be btiow the magnetic equator the di- 
foree, whatever that may be, at the {dace where rection of the declination is revetwd, but then 
tiw experiments may be made. The magnetic agm it doqp^ot change whilst tire hdk re- 
equator plane is a plane pasting throi^ the nuuns east or west of the needle and itsp^ 
centre of the needle peipendieulu to the m^ of mean declination. \\ 

netic axis. The plane of tiie magnetic meridiw 2981. If we carry the helix round the dscdle 
is th^ plane wUch coincides with the magnet* in a plane perpen^eular to the planes ^ the 
iaexis, and also with the direction in whuh the magnetic equator and meridian, so as to tra- 
dedination needle points. This position always verse in succession the four quadrants, then 
oocttts with tire magnets that are enqrloyed fmr the needle makes two to and fro vibrations Cm- 
clwearvation, being a ccmsequence of the meth* stead of one) during the circuit. Thus, begin- 
od in which th^ are supported; it would not niirg with the helix in the neutral position over 
he taken by a needle placed at right ang^ on the needle and going round by west and btiow, 
its nischanicti axis, the latter bting in the mag- and then upwards on the east side to its first 
neticatis. position, the north end of the needle will first 

2978. 'When tire ring-helix, tituated as before pass westward, then eastward, tii^ westward, 
explained (2975), was anywhere in the plane of after that eastward, and fiirally westward to 
the mivnetie meridian, it exerted no action on its original or neutral petition. 

m deefination needle tending to dumge its po- 2982. As the helix is carried fnnn the neutral 

^Mson. 'When the helix was anywhere in the planes (2978) into any of the quadiaots, the 
plane of the magnetic equator, it exerted no power of affecting the declination of the needle 
action on the needle to make it change its di- is first developed and then increases eveiy 
leetion. Ihese are tiie only places in which the way, from the edges of the quadrant until it 
htiix does not affect the position of the needle, attains its maximum force at the middle. Hence 

2979. These two planes of no variation di- the maximum deflection east or west is when 

tidb the space avpund the magnet into four tiie fatiix is in the middle of eatii quadrant, 
quadrants, and the htiix bring in any one of Thmwfore, when the heUx is carried from the 
tiMue^ affects tiie neecfls, altering its deriina- middle of one quadrant to the middle of the 
tinU. The deflection of the line of force for two next, only one motion in the needle ag^ieam ; as 
Uitig^faouiing quadrants is in the contrary di- fm instance, an increaring westorly 
fiei^bn, BO tiiat as the helix passes from the tion, though the direction of the deriination in 
astttipsl Ihra mto one or the otbor quadrant, the rdation to the mean position has been reversed 
dgrimtionri tiwneedfr riianges. ~ in that time, and t^re was a moment when 

< 22Spv]^tiiahriix be above or below the mag- the needle had no extra deeynatioU, but waste 


adtiftiequator and be earriad round the mag- 
nriiie asis ttavriling along a line of latitude, 
tixsa the needle meae ons huge oarillstion to 
tjhe end another to the left during tiie 
qhteidu SuigMsfaig that tim ei^etiment com- 
tmiMea the hriix above the equatoTr and 
M ikto of tho txuiiputtio non^ of 

vpg if it (hen proceeib fay trari to 

a finbgreasttoitoorii^porilxmt^ 
vcf Ihe needle will Int ga weetward; wiS 


Ivcf iihe needle u 

Md ft 




that mean poeitioiL So also as tbahdix moves 
over one quadrant from one. neutral plane to 
another, t^ugh the declination of the oe^le 
p)«duced by ft has not riianged in dfrectioa, 
but has be^ for inStaaoe, all the time west, 

stffi the needle iriU hate exhibited tw^e metisM 
gring fint west dining tira hieretin of tiie poe^ 
sr, and then east dhust it ie diminiehiP tlB^ e*" 
hence ft ft tiud thangh tiieie aredher d^ri^ 

twua d tiw Medlfl from and ratuiv totiw n*"** 
tml or flHsea peritien, eti>iitit the^ 
sstibee it,hi an qant ieid.an)f|.wpilHdl»|ftM 





needle. 

2968. The amount of the deSeetioa dimm« 
ishes ae tim dietanee of the hdix from the nee- 
dle inereaseB; and the ooutrary. 

2984. Two other needlee were slung (2975) 
very oblique to the magnetic axis, one with its 
north end upwards and the other with its north 
end downwards, and these were sufaimitted to 
the action of the helix as the former had been 
(2978). They were affected exactly in the same 
manner, showing no difference; i.e., a given end 
always moved the same way for the same change 
in position of the helix. If the hdiix was very 
near, th^ one pole was a little more influenced 
than the other in certain positions; but its re- 
moval farther off took away that difference 
(which is easily accounted for [2970]) and pio- 
duced pure rei^ts. The place of the helix ateve 
or below the prolongation of the line of the 
needle made no dvfferenoet provided it was in 
the same place as regarded the magnetic equa- 
tor of the earth’s lines of force passing through 
the needle. 

2985. For the purpose of establishing the na- 
ture of the action which such a helix, always in 
the given or diamagnetic position (2975) , would 
exert upon the in6linai%on, a small dpping- 
needle was submitted to its action and the fol- 
lowing results obtained. The needle could move 
in the plane passing throu^ the magnetic me- 
ridian of London. 

2986. There was no deflection of the needle 
when the heUx was in the plane of the magnet- 
ic equator, or in a jdane perpendicular to that 
containing the mechanical axis of the needle. 
In every other portion it affected it; so that 
these two planes divided the ^hers of action 

fMJfM llilM m uo. Ml .J. 

2987. As the helix paaaes from one qaadraiit 
to aaotiMT, the direction in which the needle is 
defected changes as before (2982). If the helix 
is in tile ug^pernwtii eegment or (he lower sooth 

tlte upi»r or south ood df the needle 
is deflected towwds the south; if the helix be 
in the oilier sooth or lower north a^^mente, 
the opper or south «ed of the needle is drfeo^ 
nd ttnndde tbk north. If tiie helix be eanjed 
nauid Ihe aeo^e In the diteetion of the pleae 
of ttotten, ntUhh in thBcaae la that of the mag. 
nstie mcaidiaa, the end of the needle starting 
innh 0 llisin or t^affoelod podithm 0^ 
^ ole 

oouthi iMiik inihs imd ionth egsint end finwr 

t’sSfe'ir.stiis 


tionmsj^ (2682). 

2988. In otiner w<oids» wtMo the heQix 
anywhme below tiie m^etie equatoTi ^ 
lower or n(»ih end of tm needle tended 
point outwards from it or outside of it, 

as it were repelled by the axis oi the hdix 
drawn by the outer curved lines of forces 
SO (2992). Or if the h^ were above the eqtua* 
tor, then the upper or south «ad of the needle 
went outwards bom the bdix, moving exae^ 
m the same direction in rdatilM to the h(hx ao 
the lower pole did before. 

2989. The support of the needle was turned 
roimd 90°, whi^ therefore removed the plu^ 
in which the needle could move 60° fimn 
magnetic meridian. This carried the pIiM (4 
no action on the needle 0(f round, so ih 
now ooindded with the m^etic meridiMi: 
and the plane, which, standing east and Weat 
was before neutral, was no longer a plane cf 
indifference, but in fact passed at the i^dcQe qf 
the segments throu^ ^ {daces of atrongwt 
action. 

2990. Here, with ineUnaHon, as befom vHh 
dedination, it is not the direction in wdiic^ tl^ 
needle stands that deterxoines what actum thb 
helix may have upon it ; for it may be kxsdcd cr 
otherwise restrained, as ail horisontal need l aa 
are; but it is the direction of the line! qf fqiuq 
at the needle which, with tiie heUx, gqvWM 
all. The hdix may be above w below &e pra* 
IcHigation of the needle indifferentiy; for if It 
still continues on the same ride of the Ihut of 
force, uider the influence of which the need^ 
acts, tiien the end of tiw needle movae in tqq 
same direction, ihouid> it may tiravd tpwwdl 
tiie hriix in one instance and from H in SBOtiMit 

T i 2 . ^ 

to move m every directs^ and now i obtriiqiir 
tim rimpfo natmnl effect of tim bdiXf qr q m. 
magnetic gbbe (2877) on a given line of 
and it is well to have it in mind. F<n« thqriii^. 
we are obliged for the sahe of practical ob si gVI 
tkm to dh^ the porition into two parts^ 
clination and mriination, yet theiesqj^ 
ease are murii bstler eompeied amd 
bered iriiea the ririipfo laiw dt cfaqqgqblh^ib 
vdmb Ibw qf Iwoe fo ready in tim ittind 
ereiuM. tlfo eimftorial {daae arid IbtcMM 
aids am riov &e only paJ4s fo uddrit IhtfW 
esft be trllfaout affootirig the 
ritridBe; the first Ipburii {foq 
with a ataMC poriticri, far tbs ri B wIH i i Htf , 

jilt bftTf 

pgritta nq , qeqoRfiqff dq tilridiifff 



!I#S« If dkd be out of fbetibme and sk* 

iB» then the end of the needle nearest to it leans 
fMn it as if retailed. If the hdBx be catfied 
round in a circle of latitude, the end of the nee* 
die nloves round before it just like the upper 
end of tihe needles at Hobarton and Toronto, 
in respect to the sun, during the midday hours. 
Instead of moving the helix round the needle, 
W may carry the needle into different posi- 
tions as regai^ the helix, and then Fig. £0 will 
represent the result. A 
result exceedingly sim- 
ple, and in perfect ac- 
cordance with the dia- 
magnetic disposition of 
the forces produced by 
the^beiix (^72), os the 
two dott^ lines indi- 
cate. 

2998. As an expres- 
(don of the facts for use 
in applying them to the 
6X{^nation and illus- 
tration of natural phe- 
nomena, it may be said 
in respect to decHnojtUm, 

that &e helix being above the needle in a plane 
having dip, and therefore above its magnetic 
equator, if on the east of a needle having north 
di^, it will send the south or upper end west, or 
ff on the east of aneedle having south dip (being 
of course then itself inverted [2972]), it vdll 
cause the north or upper end to pass westward; 
teeming to repel the end of the free needle or 
part of the line of force nearest to it . In reference 
to the inclinatidn, it may be said that the helix 
bdng above the needle tends to send the upper 
Ond of the needle or line of force from it. If the 
hdbr is north of the magnetic axis, it will tend 
to send tlie upper end of the needle south; if it is 
south, theupperend will go north. Asin thecase 
of the declination, it is as if the end of the free 
needle or line of force nearest to it was repelled, 
in fact every case is included in this result, 
that If the helix be diamagnetiealty adjusted 
for a free needle, whetfamf it is above or 
briow the needle, or on this side or that, the 
neluest end of tim needle wiU be as if reptiM^ 
pmvided the helix is not in a neutral p(^on. 

2994* 1 ^repeated all these experimente witii 
tim helix rwwmsed, so as to give the effect of a 
jpiUnastw^ globe of air (2S85, 2978). I need 
dlil^'sayi that the effects wOre preciseiy the 
Mtee^ln hatitte mi order, ^y in the remm 


ammtXKrn 

due to the eOialw of the atamsphere (3001, 
3010). 

2995. In these experiments, that the laws of 
deflection might appear in simplicity, the 
needle was suspended in the air, and the repre- 
sentation of the sun*s action carried round it in 
all directions. But innature the air is only aboive 
the needle, and the earth as a magnet is be- 
neath it. In the natural case also, ^ere is the 
fixation of the lines in the earth (2919), wUch 
tends, by holding them bdow the surface, to 
give them m amount of deflection at tl^ sur- 
face, far beyond what they would have if they 
were as free to move in the earth beneatli as in 
the space above;^ and though this defl^ptioQ 
would coincide with that produced by the ueUx 
alone, still it was important to verify its < 

I therefore took a bar magnet 30 inches Idpig, 
and weak in condition, and suspended the nee- 
dle above it in various parts, as so to have the 
effect of north or south dip to any degree, or no 
dip at all near the middle parts. The effect of 
absence of air from beneath was also in a cer- 
tain degree represented ; and to make this point 
more striking, I occasionally put masses of iron 
on and under the middle part of the magnet. 
The results with the helix were now influenced 
greatly in the ariwiLni of the deflection, but not 
in the direction. When the heUx affected the 
direction of the needle, it was accoiding to the 
above laws. 

2996. In the consideration of natural phe* 
nomena, the magnetic axis, and also the planes 
of the magnetic equator and meridian, being 
circles or planes of no deflection, aie very im- 
portant. Chan^gas they do with every change, 
either of place or declination or dip, they re- 
quire some ready means of illustiation, and 
can hardly be comprehended in their effects 
Without a model. I have prepared a globe on 
wUeh, after marking the places of the observa- 
tories, I have drawn ihe magnetic meridmos of 
these {daces as they were last estimated. I have 
then in another colour drawn far each place its 
magnetic eqimtor, xuiddng that a gread; circle 
paired to the equatorial plane of thedippN^* 
needle at the place. I have also marked on the 
g^be the mean path of the sun for each month, 
and by the use of adjustable pine to indicete 
the hours befote and alter noon of any pvto 
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p]M«^ I li»v* ibfi vmm U mwMetoa 
guffident accuracy when the sun is in ttfty par<- 
tSpHlw quwlFant, or what part of titie qua^a&t; 
when it paMeaa MQtrd inte, awi what its po> 
utionln rdatioo to the place of ohaorvaUop Uh 
in a manner which no diagnuna or figucee CQold 
supply. 1 have found the globe vety useful; 
and I accustom myself to place it always in a 
certain position, namely, with tiie aais of rotar 
tion horisontal, the north pole to my right 
hand, and the astronomical meridhm of the 
place of observation towards the aenith, The 
observer can then regard it as from the place of 
the rising sun. 

2997. Though we thus have the experimental 
conditions of a needle under an action lihe that 
rmulting in nature from the presence of the 
sun (2920), I do not pretend that they can be 
applied without modification to natural phe- 
nomena, but only that they pve veiy import- 
ant aid in the study of the latter and the rs' 
tionale of their action. The atmosphere, in- 
stead of bemg illimitable, wraps the earth round 
S8 a garment; the influence, as it extends from 
the region of action, must, in respect to that 
portion which is conveyed through its mass 
(2920), curve with its curvatuie, and give a re- 
sult in any particular place, which only refined 
calculations founded upon careful observations 
can determine accurately. In regard to the de- 
velopmmit of the mr action, it would, I think, 
he very interesting to ascertam, even rou^y, 
the daily variations of a magnet at the bottom 
of a deep mine, half-way up, and at the mouth 
of the ^aft. The results might tell us much 
about the holding power of the earth and the 
depths to which ^e deflections of the msgneV 
ie lines of force penetrate, and might even ove 
us a rough expression of the changes of the in- 
ternal power (or the absence of such changes) 
whan freed from tbooe dq^endent upon tiie alh 
mcsidiere. 

9^ Another nasim why the experimental 
results must not be applied too closely is as fol- 
lows. iUl^lineardforoeof the earth wmeperfset- 
V regular, then the change produoed amongst 
tiuua by ^ sua find air would be regular also, 
mt sa ^ mtuml lystoB is not regular other 
“tween, the teomes, aa at Water’s Welk and 
MOgford in St. Hetensi or in the higher kti- 
tudM, as at Swbon'e Bay, so apparent inoDBr 
totweeamay end nodd result. The probabUr. 
% is dheltte fpeatost irMgularities in the an* 
tdngtaMM el «uth’a inagq^^ 

^ el tlMB eelitb, and that abewe 

t“y tend to adliist ediheashedier inteaiae^ 


regular orden Stitt Ae inegidaritica mwt 
tend their influence very far upwards, io that 
the oontorrions of the magnetic meridiana mr 
Unec of force are not likely to be eflmedi nr 
mu«h dinunished, at the region emneiding wiflh 
the place of tiie atmosphere’s effect, 

2099. But though the lines are irregular in 
the large c^iace affected by the sun, the remil 
will be enpanwon of the whole as a ejwtem and 
diamegnetic polarity. The lines of force hdowi 
will he affect^ by those above; and so, thouildt 
a perfect similarity between different plaoee is 
not to be expected, edU the kind of change at 
the earth’s surface is not likdy to be so unco^ 
tain as it mi^t at first appeiv . Therefore J bor 
lieve the globe (299fi) will be fotmd very useful 
in giving information regarding the prolnide 
effects of the magnetic meridian and equator« 
due to the place of the eun in the two dbief 
quadrants for any given month of the year, or 
hour of the day. 

3000. The passage of the magnetic meridian 
is important, and appears far more so after the 
experiment describe (2978) than it did on a 
former occarion (2942). Being very often inn 
clined to the astronomical meridi^ it mual 
have great influence in deciding when the daily 
declination changes in its direction. The pbqxi 
of greatest action, and its traveliing non^ vf 
south 4ong a line of magnetic force according 
as the declination was west or east in relation 
to the h^ as a sun, was confirmed by ea ew* 
periment, and the further observation (a 
sequence of the former), that when the sun wm 
equidistant from a place more north or south 
tiian itself, its action was far stronger m timA 
side at which its path and the declination dir^ 
tion made an acute snide than en the otto 
ride where it was obtuse, was also oMtfinmdf 
Thus if the beUx, moving from eto to wto, 
were pasring a place north of it having weriMt 
declination, then ths action was etronger on 
the western side ^ tbn place than on tito 

for equal distances of the helix from tim iMflr 
net. 

3001. The passage of tire saagnetic equato 

by the mm is also importot, rince tire direotto 
of the diurnal variation of the experimssM 
needle is then altered; and this Is el thanwM 
oonsequenoa, beoauae by the great dsflto lai 
natural deelhiation in many idaoss, wwh| fip 
amth and mutii, tins passage ie tbmwn tm 
wtotow|gdstimarinonoiirisal mrmdinm«^ ^ 

on toatoatom |b« WMti ito 

SIM m to In riff lh<rie ito^toei toMi 
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iMDcmot of «on<m. Fh»il liA diaagt 
4( pJaM «f tlw sun betiraeo the traiiios, tttd <£0 
^WmtlfetfdipaiMidedinatbnatiMemtphMws, 
tl^ passing of the neotml planes hy sun 
aid sieting region must take {daee an ex- 

insM tariety of oonditicms; Uie unravelling of 
tShtDii I thaikuriU bemneh assisted by knowl- 
adgs kidr as that which the preceding expeil- 
loittts and inindples give. The sun may be as- 
ttumoBdoaliy dther north or soutii of the nee- 
^ and yet the declination of the needle not 
dutmge in direction (2980); or if tiiere wme 
much mean decimation, as at Greenwich, then 
H> might be astronomic^y east or west of H, 
atad^St the dedination luoduced not change 
' its dmeetion. The sun region may be soutii of a 
{dace and yet send its ui^)er end farther south 
(9990); for all will depend upon its position in 
nlatim to the magnetic meridian and the mag- 
Imtis axu, which are in most oases very far re- 
moved from those tiiat are astronomiciJ- add- 
ed to all these causes of variety, there is the 
tetion of the lutes of force in the earth (2919), 
whleh tends to pve a farther divertity to them. 

9002. In the former papm I considered tmly 
tin effect of air raised in ten^wature above the 
mesh oondititm (2896), illustrating it by the 
stm'seffeot in the middle of the day; now I pur- 
pose considering that whidi will be produced 
hgr the cold of i^t, wlddt reduces the air of a 
ghvBn reghm bdbw tire mean air temperature 
inf tlMt idace. Whffii a portion of air is so cooled, 
IfvcondiKtion power is increased; in conjune- 
ghm with the warmer mr of surrounding r^pons 
H dsBests the lines of magnetic force passing 
thnuid) both, as hulieated by the ^rpe i^be 
(BBM, 3874), and aoqidree what I have wiled 
SSndwatiMi petarUi/ (pMamagnetic), meamng 
tlmMhy SBi^ that ^ lines of fwce draw to* 
fstiwrtn tim middle of the coeded air. 

ONt. Tbemetically, the effect of a cold re- 
gloh bf ah soiiiiiig 19 fnan the east would be to 
oaks the magaetie lines of force, as tiiey leave 
timtsnih, advucnerlMnd towaidsit, beoauae 
ttgia in aud absot the «old ab ate inflect 
da ft; ami M tboad immediatidly west (tf the od^ 
sailtn move into ot tonevds it, so those £ar- 
iMvmast, iMii^i m ttaminitevwd 
IMai nffl aim move eas^ and thus an affect, 
a ll ’immw iofihrtafffmw 
liw Inmm itti tbfbt ci tilt liiitx ill tht 
StaiMlittMi divTA 3994)^ will be pradiMsd. 

utavisw 
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8094. So as cold i^mmathee, the IhMi vffl 
lean towards it untti 1 ^ b in the pontion of max- 
imum action in the eastern quadrant; tiien tiwy 
will return Qn deelination) before tltoedd, un- 
til both it and the line (or needb) saw in t^ 
magnetic mmidian; after whi^, aa tiie cold 
bravds on westward, the needb w31 fdbw it 
west until tiie cold hae attained ita {dace of 
maximum action in tiie west quadrant (2983) ; 
and thm, as the eedd retreme, tim needb will 
return east td fts mean place; «^»ning |hat 
there u no other action for the time than wt 
of the cold regbn. The upper end of the W 
needle, therefore, at any gven place will 
totcordt the odd regon, just aa Wore if tendltd 
from a warm region; and as the declhmtioais 
affected, so also the inclination will be. If tise 
edd be on the magnetic meridian of a place 
within the tropics, as St. Hdena or Singapore, 
it will increase the dip there, whilst at the same 
mcaaent it b dimmishing the dip at places south 
or north of it having cooBiderable dip, a result 
which follows directly bom the inflection of 
the lines of force into or towards the edd re^oa. 

3005. The chief regons of heat and cold on 
tiie some parallel of btitude, do not follow each 
other at equal intervab of time. It b difficult 
to make a judgement regarding their interval 
in tiie atmosphere above; but ^ maximum of 
cold an the earth for the twwty-four hours, w 
assumed by many aa being seventeen hours 
after tiie preceding noon, and only seven boon 
from the ooming noon. Thb brings into otmsid- 
wration the joint effect of hot and cold tejgbns 
in deflecting the lines of force, eepedaUy dur- 
ing the forenoon and middle of ^ day. If a 
cold regioa be only three and a half hoim west 
of a itiaoe at the same time that tiie warm re- 
gbn b three and a half hours east of it, it b 
vmy manifeat that the Joint effect of the two, 
for both act thffiu to eatae the same deflection, 
Will be far greater than that of the heat or cob 
akme^ tbm aiQr corteapoiuting effect at eth- 
er periods, for neither twdvO houtt aftet, aer 
at any otto time wffl there be an equivident 
ooidition of drettnMtNUHbs; and so bbabo for 
otto bembbatioos of hot mid cold rtgbnii, ffie 
effto of whto VriB vary both by pcamoa eiul 
by tito extent. A free neaffie b bml is teaato 
by to tbes, wldiffi am theneilvee 
to hot end etdd legtoe of 
riily Bevm ow n w tolbnMsnimwe^tietihte^ 
tiu^fatowsetoatof torn uv>>il|9iiiiliiiiF 
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8Q0((. An libB esrili nmndvet ttnder 19 m aun, 
eudi pbwe Mould haiMi ^Making genoediy, » 
mtathnum and a nnniinum of tempww^’Qi* fc" 
its atmosidiera in the twenty-four koura< But 
loddng at the ^obe as a whole, there would be 
(hM maximum and two minima, i.e., there would 
be a maximum region 6<»neudiere beneath the 
sun in hia path, and a minimum in each of the 
polar regions; which, as regards i^e twmity- 
four hours, would not be at the pole, but in 
some place of h4di latitude, and peiiuii», as 
before, seven or mght hours before noon. These 
cold repons will be very seriously affected in 
thdr extent and place and power by the posi- 
tion of the sun between tiie tropics; for as he 
advapoes to one troinc the cold region there 
wiQ diminish in extent and force, whilst tiie 
other will grow up in importwoe; and whilst 
they thus vary in thdr power of influencing 
the general direction of the lines of force, they 
will vary in thdr own podtion also, and have 
at different times very various relationB of place 
to tim sun in different months, and so pn^uce 
very various effects. Itisthese^erences which 
are made manifest to us, as I believe, in the 
ni^t and moming actions at the numerous ob- 
servatories scattered over the i^obe. 

3007. 1 will proceed to apply &ese views, and 
the additiomd knowledge gained by experi- 
ment, to the localities formerly oonddered, and 
to some new ones between tite tropics, for the 
purpose of explaimng, if I can, the prindples of 
night action; of retardation, m<nre or less, of 
the effects in relation to local time; of the dlf- 
ference in direction of the declinati<»i variation 
in different months, for the same place at tiie 
same hours, as pdnted out by Ckdond Satnne; 
of the diminution of dip in one place, and in- 
crease of it at another for the same lo<»i time. 


twb ways. The needletMvuis os potttivsiiy by 
the withdrawal of a dheot eanse of aetiaRlM it 
does under tiie immediafo direct action ^ that 
cause, but in the contraiy <&ecti<m (29^. A 
westening may be the tei^ dther of the eowr 
ing up of the sun on the east of tire {dace of ob- 
servation, or of its withdrawal in the west, li- 
ter he has passed over the meiidun and pro- 
duced the peat east swing. 

3009. St. Petenbiergh has a mean dedinatfon 
of 6* lO' W., and a dip of 70* 30' N.; thwitforei, 
tiiou^ the magnetic and astroncunical merid- 
ians are not very oblique to each other, still (he 
sun or warm reprm reaches the fornMar from 
20' to 40' before the latter, and hence the time 
of the great sun-swing, which is from 20 to 1 
o’clock, is made earlier than it otirerwise wiwdd 
be. The magnetic equator of (he needle (2077) 
forms an an^e of about 40* with the esrih’s 
equator, and being thus tilted, it disposes the 
two quadrants chiefly concerned in the dally 
variation (2970), so that in the St. Peter*- 
burgh summer the warmest region k not mdy 
far nearer to the needle, but passes through the 
strongest places of action of the quadrants^ 
whereas in wintor it is farther off, and also in 
much weaker pontions. Hence a cause, as I be- 
lieve, of the great difference in the amount of 
variation of declination, and also of its thai^ 
acter in November, December and January, 
it is from 4'A7 to 4'.65 only, wlfllst in June it 
is 11'.52.^ Seethe tables, p. 7K,imdti>ecorvHi, 
H.XV. 

8010. In December or January, b^ig St. 
Petersburgh winter, the sun-swing east amost 
disappears. Itisover by 1 o’clodc,* after which 
the upper end of the needle fcHows the sun uis- 
til 9^ having passed its meem podti(m at 5^ It 
then stops, after vdiieh it moves east until 16^ 


In diflng so, it vrill be necessary to refer contin- 
ually to (hat place which may be considered, 
in reepect to the statiem, as the centre of hot or 
cold action for the time. I will mdeavcHir to use 
theword fsyfon for that purpose, meaning there- 
by aot the whole extent of heated or wumed 
ah, nor the osotie, but the ehief piaoe of the 
altemd portibtt. It is very manifest (hat in some 
days k Blardh or September, oS the air that is 
tiwsMicidisa at 21^ or 22tBU^ be con- 
aidfind warm, in lompathKm to that irideh is 
thenwUBtbfthesameznMidfen,eadthataTe- 
ahHaiit «f actibn, whltit tiudl be the aaim for 
all'plhiiee, eijcgiotnxiit. 


or 17**; (hen again steps, or neeriy 80 , untu 21\ 
and (hen the sumewfog cmnes on, eanyiog It 
toextremeea8t.Soheretherearetwovetyiiiir- 
portaat pcflnts to erqflajn, iiameiy, why theaee- 
cBe moves eastward afto 9^, a^ why it doea 
act travel weatwlni from 13‘ to 2(P, but, on(lh 
contrary, ia totvdling eaatwaida or atandby 

sasleBiBa sad wwrtMuac of a frM 4 
neM&» «M Baa.prcherly tmeamted by the 
SNaas jOl a nswOe. iaaun^ asi4 

with dIOmaS din tiw as^ la lead off oa 
ttftm 
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gfiOl: a<i^^ 

«« folkrm: 8i. F«(Nrtbui|llhte 
from ite poeitMtti tbe v^ppes edd, coiiMQiieat 
upon tiw daily withdtawal of 13» mm, ’•roold 
produee a ponuoMgBdio action (2984, 8003). 
litia action, aa tin sun set, would to ap* 

pear<m tbe east, and 1 condudc thatatO’^U^ 
Ac odd legion coming up from the east, noton 
(he latitude the sun’s path, which is far to 
(he south, but probably neu to that of St. Pe- 
tenburgh itsdf, is able at 9^11 o’dock, during 
vhirii the needle is stationary, to countraaet 
any remaining tendency westward, and affaw 
that to draw the line of force and the needle 
end eastward imtil 17 o’clock, and to hdd it 
(here, after whidi the sun sen^ it eastward in 
the great swing. That the odd, oansidering its 
proteble position, may well direct the ne^e 
end eastward till XT'*, and the sun zegpon not 
Bend it westward from 17‘‘ to 20>‘ or 21‘>, is seen, 
I think;, to be a very naturd oonsequenoe of the 
probade pomtion of the two r^ons between 
these hours. For letting the sun (whose place 
we know) represent tiie warm re^on at 17^ he 
18 then in the eastern quadrant Mow the hori* 
ion, so that if he could affect tbs needle through 
or round the earth (2995), it would be to easten 
it, and it continues in that quadrant until 19\ 
lien at 1^, when be enters the quadrant, in 
which he begins to exert a westening action on 
the sun, he is in such a position as respects the 
needle at St. Petersburgh (as is seen by a line 
drawn over the surface oT the globe [2996] and 
compared with the magnetic meiidian and dip), 
and m BO inefficient a part of the quadrant 
(2982), and also so for off, that it has no power 
to send the needle westward, but only in assoo* 
ution with tite retreating cdd region to hdd it 
there, until at 21^ or theredwut, the sun-swing 
from west to east occurs as in other cases. After 
fius tiie needle fdllowB the sun from 1 o’riook, 
being, as the hours advance, gr^ually arrest- 
dand taken up by the odd region of tiie next 
twenty-four hours, as already described. 

3011. IlrnvecmuBderedtheoddeastaiiagas 
tontmued until as late as 17\ wbidi would im- 
tiy probdtiiy tbsi imtti that hour the odd m- 
|><»i waseast d Sb PflteidKiigb. It is vmyffif- 
^ to aipmk, even in a genoral manner^ of 
plaoM iw tisuss of thtogs so htiile identified 

M toe sniito aid odd tegloDsiQ tim ito* 

bv atinatohem; tad rdswiag to tos tespps^ 
^ on eitok at Sb' Petoiitoing^ ^ 

UHtim 

f Janustt,' gs 19 isjad 2dVi^9Ck4ud 
^ iff in 


I may lyto) pdijri out htoUi fw use to timdufr' 
mer Tpootos , the hsat vstlm 

three hours to the oppostis dfreetfon; so 
whilst from the hitched to tike lowest tanpern* 
ture to the day is ody elevea hours to sumtnm’i 
it is nineteen hours in wintm, as may be seen by 
the temperature taUe, p. 725. Ae tbe day copies 
on, the^ore, to January tbe bighnst tmiqietar 
ture ia only five hours dter tiie lowest, which 
accords generally with the assumed cause of 
the effects on the needle.* 

3012. As I am endeavouring to make St. P»> 
teisburgdi a general case of night action for tiin 
explanation of corresponding effects at otiier 
places, so I may notice that the night action 
must contain a portion of sun effect which omn- 
bineB with that of the cdd. The action of titt 
sun is known by observation to be very extend- 
ed; to the case of St. Petersburgh, the sun, 
whmi at the southern tropic and on the merffi- 
ian, is between 8(P and 90° from the station, 
and yet we see by the observations and corves 
how large an effect he produces (3009). ’When- 
ever the sun may be, he is by bis motion eaustog 
changes which are felt mmultaneoudy over the 
whole globe; and at 9 and lOo’clodcheistomt 
effectud part of that quadrant which would 
send the needle eastward if the earth were re- 
placed by air, and in the representative expia<- 
iments with a helix (2995) does so send it essb 
ward whmi a magnet is interposed. The nigito 
action ought therefore to be greatest in winter, 
as it is, b^use the cold is then most totonab 
and aim because the action of the distent bub 
odnrides with it. Itis very probable that mmiy 
of the curious contortions of the nig^t action 
which ai^iear in the curves of Hobartou, To*- 
ronto and elsewhere^ may depmid upon the 
manner to which, at different houta, tiiese two 
causes (probably with others) oombiiie to- 
gdher. 

3013. Though toe dedtoation varies littia or 

nothtog between 17^ apd 21^ no weetwing then 
appearing (3010), atiU I should expects msifo 
6d on &t th^t ^-^^1 lynd 

oopdttda that it will be o& the increase; W t 
have not been ableto obtain a tatoeef the dally 
variatiim of indtoation. 
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3014. Inthemonthof February the same re- 
marks apply; but ae the sun is now oon^g 
horn the southern signs and drawing nearer to 
St. Petersburgh its power is increasing, and this 
is ^beomn by making the cold eastening for 15^ 
10^ and 17^ less in extent than before by more 
than half a minute (of a degree), and by abso- 
lutely overcoming it and making a return west- 
wards between 17^^ and 18^ before the swing to 
the east comes on. In March the effect is still 
more striking; the paramagnetic eastening is 
arrested at 14^ and the following diamagnetic 
westening extends to 20^; then follows the 
swing. In April the westening by the warm re- 
^on is as early as 13^ and continues to 20^ be- 
ing very strong. It is interesting to look at the 
table of temperatures for these months, even 
ais they are obtained at the earth’s surface. As 
the months come on the eastening from fhe 
oold ceases sooner and sooner, being in Janu- 
ary and April 17** and 13** respectively. The 
minimum of temperature also retreats, being 
for the same month 20** and 16**. On the con- 
trary, the maximum of heat advances from the 
winter to the summer months, being also great- 
ly increased; and the effect on the sun-swing is 
seen both in the advanced time of change and 
the increased amount of variation. 

3015. In May and June the night or cold 
eastening has disappeared, or is shown only by 
a little hesitation; and from midnight, the com- 
ing on of the sun region sets the needle end 
west. If we look at the globe (2996), we should 
be led to expect that it would do this. The sun 
is then in the northern tropic nearly, wheeling 
round St. Petersbargh and comparatively near 
to it; and a free dipping-needle would in twen- 
ty-four hours make one revolution in the same 
dkeetlon as the sun region, but at the opporite 
end of the line, joining the two together. If the 
needle were at the astronomical pole of the 
eartli) having great dip, it would deseiibe rd- 
most a mrole with nearly uniform motion; but 
betog reaUy much nearer to the wami region in 
tme part of the ttniform daily course of the lat- 
ter than another! the radius vector joining it 
with the re^on then makes a much greater 
angle in a given time than when it is farther 
aS, and hence the greater rapidity of the mo- 
tton between 20*^ and and the production of 
wlaM^IhavefmnUiarlyci^edthe«un*^s^^ 

to east. 

« 8016, Xt will be seen from the table of curves 
i mOf we have at St. PetersbunA a 
of that kind of result which Cd- 
called attention to m strongly in 


his paper upon the St. Hdena phenemena;* 
and those oocurring at Hobarton, Toronto end 
elsewhere; namely, a declination variation m 
different directions for the same hours in dif. 
ferent months. Thus, in the present case, the 
needle end goes eastward for the hours to 
20** in October, November, December, Janu. 
ary and February, whilst it goes west for the 
same hours in April, May, June, July and Aug. 
ust : March and September curves fall midway. 
But this difference is now I hope by the hy- 
pothesis accounted for (3010, 3015), and I trust 
that equally^ satisfactory reasons will Ibppear 
for St. Helena (3045) and other placei^\(3022, 
3039, 3065). \\ 

3017. The paramagnetic character of th^east* 
ening effect by cold in the winter montht after 
10 o’clock, would probably be illustrated by in« 
clination observations for the same time; for ii 
the cold region passes to the south of St. Pe 
tersburgh the inclination will be decreased b} 
the paramagnetic action, but increased by the 
diamagnetic resultant ; and the manner in which 
these two elements of direction, i.e., inciinar 
tion and declination, are combing at any giv- 
en moment, is very important to the full eluci- 
dation of the magnetic effect of the atmosphere. 
I have not been able to give these data for St. 
Petersburgh. The total force variations would 
also help greatly to clear up the subject. In- 
deed it is not fair to endeavour to explain the 
results of the assigned cause by tal^g onb 
one element of three into consideration. Whal 
we require ultimately to know, is all the changeE 
of a free needle in position and in respect tc 
power. All are important, and all should be 
considered at once. 1 presume that the theory! 
of the variations cannot advance very far with- 
out their joint consideration^ 

3018. Greenwiek presents a fine case of the 

night episode, and the different directiems oi 
the magnetic variation for the same hours is 
different months. In these respects it is vei7 
much like St. Petersburgh, but has great addi- 
tional interest, because of &e large western de- 
clination,* and the effect product by it on the 
places of the active quadrants (2979, 3000)i 
and the times of the variation phenomena. 
setting up its porition on the (2996)^ 
will be seen that the equatorial f/bm is no« 
likely to be ooncM^ in the midday ae 

tion, and that the mm or warm regiott pasy 
nearly amoss the middle of tirntwothtof 
imntsia sunmper ; whidh with its neai^^ 

ipagoeopAtol TroMoetims, 1S47. fe- 

« M;swi deoUaatioa mm kisi^ 




game tiiiie ottgM to miiJce 
east very iu winter it is fatther off eod 
in xnueli weaker parts of the quadrant^ so timt 
the swing ought to be far less, and sueh is the 
case. The greatest summer variation is 
and the least winter variation only 5'.88. In 
April, May, June, July and August, the great 
west declination of the south or upper end of 
the needle is at 19*^ 20', and the chief east posi- 
tion at 1*^ 20'. The latter position remains the 
same all the year round, but the extreme west- 
ening is in the other seven (cold) months at 0^ 
20' and 11*^ 20',^ or verging towards midnight; 
it then surpassing the morning west deflection. 
Thus the sun’s effect in summer, in weakening 
the cold night effect (3005), is very evident; 
and so also is the manner in which the night 
action grows up, until very prominent, in the 
winter months, through the strengthening of 
the cold action (3006), when the sun is towards 
the southern tropic and in the weaker parts of 
the segments. Tlie assumed principles of this 
action have been already given in the case of 
St. Petersburgh (3010, &c.). 

3019. The magnetic meridian is much to the 
east of the astronomical meridian, where the 
warm region passes it, especially in winter, for 
then the sun crosses it about 10 o’clock, and in 
summer about 11 o’clock. Hence the swing 
ought to be earlier in winter than in summer, 
though, because of the slower angular motion 
of the waim region in relation to Greenwich 
(3015), it ought then to occupy a longer time; 
and yet, as above said (3018), be, by reason of 
distance, of smaller amount. All this appears 
to accord remarkably with the fact. The swing 
begins at 17^ in the winter but not until 19^ in 
the summer, and ending at the same hour at 
both seasons, namely, 1 o’clock, is much longer 
iu its oocuiraice in winter than in summer. It 
begins earlier, because the magnetic meridian 
kaooner passed than in summer; and the rea- 
son also appears why the extension in time is 
at the beginning ra^er than at the teimma- 
of the swing; for, because of the declim- 
l^on, the warm region is at the same hours much 


and much farther west of it in tiie after* 


in winter than in summer; h^nee the 
^g is thrown forward in time in winter ; and 
prolonged, its termination comcidee 
^th the trnmmation in summer, as far at least 
these twchhoiir obeemtions cah indicate. 



3090. Ae the {mcedm the Bimi tto 
gree of mnan declination here ought to meice 
tihe day-swing come on early, i.e., eariier ihsila 
at Hobarton, and especially earlier than at 
ronto, unless other causes of variation inteiw 
fere. Now the beginning is earlier than at To** 
ronto, but the end the same. Both the begin*^ 
ning and the end are an hour earlier than at Ho- 
barton. The latter difference I believe due tO 
the difference of mean declination: at Toronto, 

I think we shall find another cause influencing 
the time (3032). 

3021. We are to remember also that in Irin** 
ter the sun or warm region passes the magnetic 
meridian two hours before he passes the astm- 
nomical meridian; and therefore his effect to 
giving west portion to the south or upper end 
of the needle ceases long before it does in sum* 
mer, and perhaps even before it ceases to ootxsc 
nearer; and so the eastern after-effect on it 
ought to be greater, which it is. This eastern 
effect should be strengthened also, because the 
action of the warm region on the needle ought 
to be comparatively great after passing the 
magnetic meridian ; for its path forms an obtuse 
angle with the meridian before the passage and 
an acute one afterwards (3000), and therefore 
is more powerful. To all these causes of action 
will be added the effect for the time of the o(dd 
in the distant west (3005). 

8022. The case of difference of direction be- 
fore 19*^ (3016) is veiy marked at Qreenwid^ 
as may be seen by loo^ng at the curves for tte 
months (PI. XV). The south or upper end of the 
needle goes west in May, June, July and Aug- 
ust, from 12^ to 19^, i.e., from midnight to five 
hours before noon; but in October, November, 
December and January, it is eastoning at tihic 
same hours. Considering first a summer month, 
as June, the upper end of the needle k wesih* 
ward as the sun comes onward (as it ought to 
be) until 19^, when he is almost in the nuddle 
of his passage through the east quadrant; end 
in respect of distance and angular relsticm to 
the magnctiQ meridian, the warm region isthsn, 
probably, in the place of greatest power to 
duce westening of the n^le end.’ In the neaiit 
six hours the needle passes to extreme east, 
periorming, according to the obaervatioiui, a 
foiirth ofihe whole swing in the first two home, 
a half in the next two, and a fourth in the 
maining two, the journey being no doubt wtth 


• It nmat not be forgotten, fiiat the rSlofitt 
m eatreiaa east Or west iK^im is.npiw^ 
er Wfxm r^on passes by anautral Vim* 
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tuinr iBpKiqF iimreaiBiiig Alia im 
Miteg <v«lm^> 1 b tekxudt ctf tlM NgtoSi 
<ta» BOB is lor about two-tbirds of tiie tiaie in 
ibs sastinB quadrant, and oiio^third in tbs west- 
<im; and his patii in the latter third Ioiidb id* 
most the base of an equilateral trian^ tsith 
Qfeenwidi, haying tiie magnetic meridiaa for 
iMie side, so that all that time it is close to and 
thetefoiehasstrong action on tiieneedle (3000). 
The sun is at 1^ in such a pontion as respects 
ibis angle that if ire assume tiie repon to be 
somewhat in advance of it, the latter would be 
in that place where it could exert its maximum 
eastening effect; and titerefore after that, as it 
leeedee westwuidB, would let the needle return 
from east to west, as it does, following it. The 
needle continues to go west, pasting its mean 
friaee for the mmtii about 7**; in the meantime, 
before tiiat, at a little after 6 o'clock, the sun 
has left the western segment by passing the 
magnetic equator; it has not yet set to Green* 
wi<£, and if it have any action, it will, because 
of the segment it is now in (2979), still be to 
eany tiie needle end wetimrd. The end in fact 
oontinues to go westward, slowly only, after 10 
o^doek, gainingalittiefrom 10^ to IS** ; and then, 
as theeun comes op, passing more rapidly west, 
« it ou^t to do, until 19*', and fin^y mddng 
the great swing to theeast as before. The whole 
progrestion here is very simple, and apparently 
a naturti result of the assumed cause, l^ects of 
eooling no doubt come in; but the cold region 
has diminished in intensity and extent (3006), 
ha* retieated northward, and its action appears 
in combining with the former to produce only 
vulstions in thevelodty of the change. 

3028. Then for the winter, let os coiuMer 
Attuary; and, as tiie eastenh^; is a maximum 
hi afi the months at 1 o’oiodc, after the sun's 
ptiSBBge across the meridian, let os b^n the 
«yde there. At the upper end of tiie needle 
Is at exbeme east, and the amount ofthe vaii* 


isg kind B u jj w rre o es; (he nMBniwaMiifr sta- 
timiaiy until 11^, afrer whkh it gbea esat at 
midnij^t and untti 15*>; again recuin* station. 
ary, or nea^ ao, for tire hours; tiien easteng 
again, slowly at first and afterwards mmn rap. 
idly, until when it has attuned its maidminn 
eastening and the place from whence it set out. 

3024. This ni^t action is another ease df the 
action of a cold re^on like that considered in 
respect to St. Peterebur^ (3010). It appears 
to me that at 11** the hmneitiate sun action and 
return west after it, were over; that the ecfd re. 
gion which' was coming round from tie east 
did then act by its paramagnetic odi^oa 
(oomlnned witii the complementary effl^ of 
&e Bun’e action on the other side of the nobe), 
and set the needle eastward, as it wo^ be 
competent to do (2994, 3010) until 14* or 15^. 
In eastening, the needle does not arrive at the 
mean place, tot is still I'westof it; and the rea- 
son why it ^gs there from 15* to 17* and then 
begina to go east again, more and more under 
the sun’s action, is probaUy that, aa the sun 
rises in the southern tropics, his distance and 
porition bring the residting distant warm re- 
gion gradually into action with that of the 
nearer cold; that at first he stops the action of 
tiie latter, and then as he advancee comtoies 
with and finally replaces it; cauring the usual 
Bwingto comecm, slowly at first and &en quick- 
ly, from west to east by 1*. How this would hap- 
pen is wril seen, both as respects the place of 
the sun in the southern hemisphere, and in the 
two magnetic segments, by reference to the 
^be (2996) and the diagram of the curves of 
variation, PI. XV. 

8025. Cfonaidering another and an interme- 
diate montii as Manh ; at 1* the upper end of the 
needle is at extreme east; thm until 9* it fol- 
lows the sun as before (80^). From 9* to 11* it 
is stationary; th«i the paramagnetic action of 

cold from the east Qpcurs, and the needle move! 


ilioa not half what it was in summer, the sun 
hsiag how for off. The sim and warm region 
pSM the magastic meridian about 21 * or 22 *; 
msd Iherefns, hi the hmuB before and after 
tfwi, should produce tiie full weet to east sf* 
fori. A* t o’doek the neeitie returns west, fol* 
iowfogtim reheating stm, and does so quiddy 
for ssean nr eiiAt htom, or up to (P, during 
rildeh time the wmm ngfon, and elw 
Utoniiiilt odd tegimt, fo quadrants imd p^ 
nto*, whhfotf tiri^ 

( 3973 , 2966 ), 


|iasitikm.33haiij&aem sAsttiiim 


east until 18*. It is then stepped, and twohoun 

Bocmer than before; for the sun now a^peus to 

Gremwidi as early as 6 o’elodc, mid hi a umc 
favoumble poriti<m for eff^ both aejreie^ 

H ^ to the tiiae its lorieoito needle 
is actually sent west to a couple d hours. It ■ 
then held ilmoet steady ontit 18 *, after «hiA 
the great eun-ewhig oceito. The frald^ ^ 

mmi yv%t wwfMaamKfaawwxftv wPwt wmwB -- 

13^ end 19*, te jDd ineomristairi wfth w 

era pliM oftto warm regioh, fHdMmfShbade 

tiMrigt fod ^ foe Iftp 
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wifb Ihi kMKMhr DtttHagi •! tin i/m. 

of MAi«b ia nqwot to tiuir aS^; ilM 
ponding moatii <m the o^todte cMe of tbe yeor 
(September) ia tiie aanm a« Mardi, exeopt in 
Uuit poitian of flffeot whidi is ranseqtwnt t^poa 
a month fbUowiag one that is warmer or colder 
than itself (8063) . Qreenwich therefore satis* 
factcnily Ulustmtes the abdication of the bjh 
pothetis to the case of s difference in direction 
for the same hour in different monthe <3018, 
3022); and also the occurrence of the ni(^t ei- 
feot, and its tranation into tiie very maiimd 
eastening of the eariy morning. 

3027. The eases Of Hdbarton and Toronto are 
go similar, titoojd’^ in opposite hemisidteres, that 
they may be consider^ together. A vary ins- 
portent comparison of the phenomena at both 
places has bm dready made by Cokmei Ba- 
bme in relation to the variations of declina- 
tion, uudination, and total force.* When exam- 
ined by the^be (2996) the distribution of the 
quadrants is nearly alike, the sun being in two 
i^ef east and west quadrants from about 18 to 
6 o'clock, or during &e day. The sun is in more 
mfluenti^ parts of the quadrants in summer 
than in winter, and the (£ect is seen in the dif- 
ference of the amount of dedination variation. 
At Hobarton it is 12'.05 in summer and <mly 
3'.6 in winter. At Toronto it is 14' in summer 
and S' J2 in winter. The night action at both is 
alike in character, and has been Bufibnentiy ex- 
idamed according to the hypothecs in tiie for- 
mer cases (3010, 3024). 

3028. Coloael Sabine has given the data by 
which the variations of the indinaticm and of 


toaet «g«aA iMb 4 tih ib tM the 
cum adtsiwM in tim in Older of tihmc 
montiis. There is also another affection of % 
for the gtsUfesf transition ia from mod to feofi 
dip ia aome months, as Deosmber, Februarf » 
and from lead to most dip in other months, an 
June, Ju^, September. At Toronto the dip var^ 
iatioD, thouf^ peculiar in some points, may be 
said to have tiw same genmd thAracter. 

3029. For the variation of the total force at 
both pia^ I will at preeent only refer to Col* 
oael ^bine’s volumes, and the observations he 
has made tiiereon. 

3030. There is a remarkaUe differwoe be- 
tween the time of the day changes at Hobarton 
and Toronto, to which Colonel SaUne has call* 
ed attention. It oiaisists in the occurrence of 
those at tiie latter place, about an hour before 
those of the former. If t^ had depended upon 
the declination, then the change should have 
tokm place first at Hobarton, for there tbeeun 
arrives at the magnetic meridian before he 
comes to the astronomical meridian, and fw 
like hours of local time he is in a better position 
in tiie quadrant in the aftmmoon than at To- 
ronto; still it is the later of the two. 

3031. If the Hme of the 8un*8wing from west 
to east be considered, the muldle of it ought to 
be Bomewhere near the period when the warm 
regicHi is passing the magoetic meridian (2982), 
and in timt way suppliee an approximative eic* 
preaoon of the rdative portions of the rcg^ 
and the sun. The swing is at Hobarton feom 21 
to 2 o’dook, or five hours, and tiie maga^ 
meridianispasBedbythesunneariyinthemid* 
dleof the time, w 28** 20' o'ciook. Hutacoorcfiag 


the total force at Hobarton and Toronto may 
be oonqiared with and afgilied to the hypotb* 
ns; but I hesitate to enter upon tiiem in thfe 
smeral view, inasmuch as these and the de* 
dmatkm variations chooid be dosely consid- 
md and compared together ateveiy hour for 
partieuhu’ idaoe. 'jj^ int^natiim variation 
ti Hobarton is greatest in its summer, bring 
then 2'.lSi aodfeast in winter, or 1'.38, as was 
fe be eiquMdied. Tim fl^eat variation oeoun in 
wda3Miim9,M wilhtlwriBriiaatioii; the 
bring timto as tim aim ngjkm paasM ovw the 
B‘Qid!an. Ttih gireatoet dip is not at tiw aame 


iQT Dftoioybiiri Febniafy Mansbt tA M 
o’ri^ lot tiaptoiaber, at 1 o'rioric for June 
Jriy; ahigmpvea on in de tiw pribito of 

jyr*'-"- -• — - . ... U.. 



to the supposition just made, this is also tiw 
time at whkh the warm rej^ ought ajbo to 
pass, eeri so the sun and the repon in this pfece 
appear to arrive at tiw nwrid^ together. At 
f oronto the son-swing is about four hours in 
winter, «r ftcni31 to 1 o'oleek,«iidfivehoarsin 
summer, or hma 20 to 1 o'rioric. Of the Utter 
five bows tiw middle U 21^ o’rioric, at wluiih 
thaw tiw legicHi ought to passover the rnaghstiis 
meridian, as that (Mrinrides nearly vith the 
aatrcnondeal meridSan, it appeals that tiw tor 
gion U about IH hour Wsre tiw sun. By a rim^ 
Ur oim^eriSQaforwltttor, thereg^vtowd tiwn 
^gwar to bi riNmt an hoar before tbs tKOuf . I 
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•eogmphical distributfen of land and water 
tttei^ The Atlantic is on the east and the coast- 


tineot of America on the west of the etatioa, 
and as Dove’s charts and results intimatOi the 
temperature may rise higher and sooner over 
the land than over the water, and so throw the 
warm region in respect of Toronto in advance 
of the time or of the sun. In the case of Hobar- 
ton the arrangement is different; and, in fact, 
what land there is is between the advanring 
sun and the station, and would tend to hold 
the warm air region back, and tend to cause its 
time to coincide with that of the sun. Even the 
greater difference in summer than in winter at 
'Toronto appears to be explicable in the same 
manner, by reference to the relative position of 
the sun at the two seasons to the land and wa- 
ter arrangement. 

3033. Though the temperature on the earth’s 
surface is a very imcertain indication of that 
above (2937), yet as far as it goes it harmonizes 
with this view. The maximum temperature oc- 
curs sooner after midday at Hobarton than at 
Toronto ; in the former place it is at 2 o’clock and 
v^ regular, and the minimum at 10-19 o’clock, 
earlier in summer and later in winter. At 
Toronto the maxima are from 2 to 4 o’clock, 
and tiie minima at 16-18 o’clock. The maxima 
are later in summer than in winter; tiie mini** 
ma are as at Hobarton, being later in winter 
than in summer. The mean temperature is low- 
er at Toronto than at Hobarton, being as 44^.48 
and 53^.48: the range of variation is also great- 
er, bdng at Toronto 43*’ and for Hobarton only 


3034. It is probable that effects of retarda- 
tion end acceleration, in respect of the passage 
df the local part of warm region for a given 
place, may occur in many parts of the globe, 
and these will require to be asoeitained for ev- 
eiy Iboidity and for the differ^t seasons there. 
A place having the reverse position of Toronto 
wmild have a reversed or retarded effect; and 
hmm ft mig^t bappm that needles in the same 
latitude be affected at very different io- 
eal tfanis, 1^ yet aU be regularly affected ev- 
etry twenty-four hours. The region would in 
that time malm fto diuri^ revolution but vary 
in the velocity of its different parts at different 
W M b of its jeumey, and that in a different 
mee and for different latitudes, and 
s Weresd patte d the aame par^ 

f rr 


probably be altarod; one pkee hokting the in* 
fluenoe longer and another dSsmisfflitg it soon- 
er, analogous to two oonditions of stable and 
unstable equilibrium. 

3035. Cape of Good Hope,^ This station is in 
longitude 18^ 33' eastand latitude iff* 56' south. 
The mean declination is 29*’ west and the dip 
53*’ 15' south. The amoimt of dip, combined 
with the position of the place, gives a magnetic 
equator, which passes nearly through tiie as- 
tionomical poles, and so the sun’s path in ev- 
ery part of 3 rear intersects it almost at right 
angles ancf at the same hour, namelv, about 
20' past 7 o’clock in the morning and evening, 
or at 19^ 20' and 7^ 20'. But becaiu^ of the 
great declination, the sun is in the ast 
meridian two hours before he arrives^ at the 
magnetic meridian in Cape winter, and half an 
hour or more before in Cape summer. 

3036. The sun passes obliquely through both 
the chief quadrants and across their central 
parts pretty equably; but because of the west- 
ern character of the mean declination he is 
much nearer the Cape when in the eastern than 
when in the western quadrant for all the months, 
and so the coming up effect, i.e., the westening 
before the mid-day swing commences, ought to 
be more powerful than the eastening after it is 
over, and such is the case. This is in beautiful 
and striking contrast to Greenwich, which, hav- 
ing the same kind of mean decimation and 
nearly in the same degree, is on the north of 
thesun’spath, and thereforetheluminary passes 
its magnetic meridian before 12 o’clock, and 
for a time still approaches the station: the re- 
sult is the reverse effect to what we have at the 
Cape; for the eastening effect at the end of the 
mid-day swing is more powerful than the west- 
ening effect before it, as is well seen by the 
curves given in PI. XV. 

3037. Selecting July as the month in which 
the effect of winter occurs at the Cape we find 
that the day-swing is very feeble, as it ought to 
be, the sun being in the north^ tropic and 
far away; and the swing east is at an end by 
three o’cl^k when the sun has passed by about 
one hour over the magnetic mmidian. Theup^ 

two honn, folkwing tbemm wtii wlum 
luminaiy k k>w to Cape Mid at its aettW 
After that the needle end eastene dowly 
1^, then a little moi« qaiddy until nida^ 
(paaeing the mean pontion at 11**); qu>w*' 
8^ until or 1!^, and atSl more qideUr'*''*’ 

* 8aa taUaa PO< 7C». and aonea d ratiai^ 

P13CV. 
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til 19S when H has attiuned itsmaadmumspet 
position. This effect I believe to be due to the 
cold, which in these hours is approaching from 
the east, and setting by its paramagnetic action 
(3003) the needle end eastward. On the surface 
of the earth the maximum cold in this month 
is at 17^ or 18^, and as far as it goes this result 
accords with the effect above described. At 
19^, the sun in rising not only stops the easten- 
ing but quickly drives the needle back again, 
and the latter very rapidly goes westward un- 
til about 23^, at which time the sun-swing from 
west to east comes on, being over by 2*^ or 3*^, 
completing the daily variation, after which the 
needle goes west, following the sun as before. 
In this sun-swing is seen the effect of an in- 
clined magnetic meiidian (3000); for though 
the sun is, at the beginning, only an hour east 
of the astronomical meridian, he is full three 
hours to the east of the magnetic meridian. As 
the swing occupies about four hours, the warm 
region is probably near the magnetic meridian 
about half-past 12 or 1 o’clock. 

3038. January presents a case of Cape sum- 
mer. The day-swing is then from 21*^ to 1*^ or 
2*^. After 2^ the needle upper end follows the 
sun westward until 6^, and then moves a little 
eastward for two hours; after this it moves 
slowly westward again, the whole effect being 
as if a cold region had occurred on the east, had 
passed over and gone away west, and the tem- 
perature below at this time is within 2° of the 
minimum. This night effect of drawing the nee- 
dle westward (3004) proceeds slowly until 15*^ 
or 16^, being assisted by the rising temperature 
on the east urging the end still more rapidly 
west until 20**, when having reached its maxi- 
mum in that direction, it at 2P turns back and 
is driven to extreme east in the sun-swing, 
tlirough an amount of variation more than 
ivnet as great as that produced in July or Cape 
winter. 

3039. 1 think the above is a true explanation 
of the reverse motion of the needle in the months 
of July and January, or Cape winter and sum- 
In winter the paramagnetic effect of cold 
^ is on between 12*^ and 19*^, remaii^ longer 
on the east sicte of the magnetic meridiian; as it 
Psases forward, both it and the sun region eon- 
8^ at 19*^ to carry the needle westward, for 
t^vigh they have opposite actions they are 
^ also on oppointeaMes of the magoetio me- 
(a00&}« In tiie summer the cold region 
^ »inoh ]m power, ocgucb learlier,' soon puier 


es over, for the summer sm is behbid % and 
then rather aids the sun in carrying the needle 
westward. 

3040. Some of the other months are still mxw 
striking in summer effect. February has a swing 
through 8' from west to east between 21^ and 
1*^; then from to 3*^ it scarcely changes; from 
3*^ to it follows the sun west; from 6*^ to 19^ 
it varies but little, showing the merest trace of 
east effect about 8^; and after 16*^ it passes west 
more and more rapidly, so that by 21^ it is at a 
maximum west, ready to swing back as the sun 
region passes over. The other and intermedi- 
ate months are easily traced, and found to be 
beautifully consistent with the same principle 
of the hypothesis. As is evident, m almost ev- 
ery case each month partakes of the character 
of the preceding month in some degree, though 
not 80 much in this case of the Cape as in some 
others (3053). The curves of December and 
January are more equal. 

3041. The time of the sun-ewing illustrates 
exceedingly well the effect of the inclined mag* 
netic meridian (3000). In November, Decem- 
ber and January, the swing is from to be- 
tween and 2^. In these months the sun crosses 
the astronomical meridian about half an hour 
before he arrives at the magnetic meridian. In 
October, February and March, the swing is 
later, being from 21^ to 2^ or 3^, for the sim 
then passes the magnetic meridian an hour or 
more later than the astronomical or time me- 
ridian. In September, April and May, the swing 
is still later, being from 22*^ to 2^ or 3*^, and the 
sun is still longer than before in reaching the 
magnetic meridian. In June, July and August, 
the swing is latest, being from 23^ to 3*^, axkl 
the sun is proportionately late in arriving at 
the magnetic meridian. W^at I describe as the 
passage of the sun is of course true of the waim 
region which precedes it; but 1 prefer referring 
to the visible type rather than to the invisibie 
reality, because it ties the considerations Of 
time more simply together. 

3042. The biciination at the Gape varies sw<* 
gularly in the twenty-four hours, depending, I 
think, upon its mean degree. It is such that tbs 
warm and^sold resultants of action for the Cape 
will somedmes be above the line of the dip and 
sometimes below it, not only for diffmait times 
of the year, but I think in some seasons, even 
at different times of the day. It would 
muiiih attention to unravel the whole offsets $n 
June, July and August, when the sun<aed ite 
warm region are i^tlv to thi^iierlh of tfte 
Cape, it af^ears me dip ia ihereaesd m. 
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lltflv^plter^ortheiiBetttelSffif^tfttHtAiaitoii soitth Atiaatic oeeain b nmutrad abont 1900 
(9SI)9);bttt in November, Deorauber, Januaiy, milea from the nearest land. The hmgltuds lii 
IWnuKty, March and April, the dipdiminhbm 6* 40' west, the latitude 15* 56'eoutii; Amelin 
at liiat &ie, and the resulting retation of the de<^nation 28* 30' west, and the mean dSp Iffl* 
ixde b of tte contrary kind, or like that at south. Hence there aie three quadrants coin' 
St. Selena (3067) and Singapore (3061, 3067). cemed in the day action of the sun, e^)ee^y 
8043. The daily variations of intensity at the when that luminary b sooth of the eqnator. 
Ciape are remarkable. In the months October The sun b south of St. Hdena itstif in tbs 
to April it b at a chief msarimum at lO** or 20*'; months of November, December, January sad 
iy noon it b reduced to a minimum as the Sun February, or for nearly that ihne; it b north 61 
passes over; gradnrdly rises to a second rtuud* the bland for tire rest of the year. At one time 
mom about 4^ or and then, after sinking a the sun puwes the astronomical moddian be- 
Sttle about S'* or 9*', reaches the chief maxi* fore it arrives at tire magnetic meriman, and 
mum about 18'‘ or 19** next morning. In the at another time the contrary b the ca^ ^ ad* 
months from May to September the chief max- (htion to these pecuiiar circomstances, p. Hd- 
imum b at 21** or 22>>, which b followed by a ena b a place of great local differences,\and at- 
ndrdmum at I** or 2\ due to the day effect, so its dip b so low that the sun's day meet b 
Tbmi comes cm the S'* maximum, and after thir- almost constantly to depress and lesser^it. 
teen hours or rzrore tire second minimum as low 3047. In June and July the sun rises to St. 
almost as tire former, and orrly three hours be- Helena in the south-east quadrant; about an 
fore the chief maximum; so that thb maximum hour after, it passes into the north-east quad- 
bfdaoedbetweenmirumacioeeoneaehsideofit. rant, and crosses it towards the soutiiem erul, 
3044. These are exactly the months during bring then at mid-distance in tire quadrant 
which tire upper end of tire needle moves east- about one-third of the length, or nearly 60^ 
ward in early morning up to 19**, and that b from the southern termiiration. It leaves thb 
just tire hour when tire mini mum intensity oc- (]uadrant about 1** 20’*, crossing the noa^liretic 
curs. From 18^ ot 19** to 21** the intensity rises meridian at that time (and coirsequently so 
to a mMcimn n^ pw jjjnly jtfthe lines of force long after passing the astronomical meridian), 
me moving bfajiM the sun repon, and entering the third or north-west quadrant 

prior to tireiM|B||||Pi^ east; and as they traverses it obliquely towards its nortitetn ex- 
tom in tireii^iPi^mey so the intensity falb treirrity. In our winter, December and Janu- 
to a minhnoni again, and b at that minimum ary, the sun also rises to St. Hriena in ^ 
at cn 2**, just as the swing b over. Hme b a south-east quadrant, as before; but it no* re* 
veiy dose conneethm, and it b curious to see maiirs in it until 22**, being for much of the 
the needle end at east with minimum power at time in strong places of action; it enters tite 
18% and agun abo at 1*, remembering that in north-east quadrant to the south of St. Hel- 
that time it has swung from east to west and ena, and does not remain in it two hdurs, bring 
briric to east again. then only in the weakest part of it; it leaves it 

3346. St. Hdemt.* Thb b a station wfairii agf^ b^ore airiving at the astronomical me- 
CdonriSaUnehasdbtittgubhedasofthehigh* ridian, thmi entos the north-west qoadrant, 
eat btriest; bring near the line of least force, ^ding along near to its southern aide, and b 
wMdn the trepios, and with little ntagnetic in- within two-thirdsef an hour of leaving it nhen 
chnation.* It was here abo tiuthe called atten- it eets to St. BMlena. 
tioil to the stiffdng fact that the oemrse of the 8048.ABJunepres6ntethe88peet(rfeiMaiia» 
inedb b in eenne months in one direction, and stanbes aiqnoaehhig neuest to tiiat M * eta* 
in other monthB hi the contrary fm the same tion farther south, as Bobarton or the ClapMh 
lHH|i»ciftheday.*DelaSiveatt«aptedtoex- I will conrider tim varbtions for it Siet. the 
thb foot,* but Sainne has stated tiiat thb nortiicfr upper riid of the needle btbettnwi^ 
iMtilanstionb not sathdhelory.* at its ihetm {dace at midnij^t oi* 12^; it 4w> 

Vances risd (ricMriiy at first) untff 161^, and AM 


tune and moth inidcHy up to 19*. edien n Mps 


nd gow eb qdcldy tfost tmtil anmri AK 3fw 
thhh tt etbnffrii but Atie vtifl b 

totes ewri fi^ mid tfaeneb^ Md 
*>■*, and t^ ontwasds to 16^ and noi(* 


< bhlea npl 76A 78A siri eniVM ri inristton, 
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file wU^ idiifib 0Q(taw tip from 
ion (30(»,^ aosl^s ib» Mi^a iammo tii 
<lh»«iWtoBi»g ftom Iff* to lO^iB copawteatyi^ 
iib0jbMte«MiDg <mM of tiie ewriy monung. ftod 
«Iio vitb tho ^aremnstaoeet tt^ the aim tmd 
ite lepwaMitAtive nffoa am tb«i pawring from 
the aoujtb-eaat into tiw nori^-oaet qaadreat, 
and muat be not far from the neutral line, for 
that » the time of quiekeat tranait of the nee- 
<Ue. Ab the sun advances mto the northnesat 
(piadrant, it first atc^ the eaatening, as at 
19^ and then converts it into vestening (9014), 
which goes on conaatently with all former oh- 
aervatians until 22‘‘ ; the needle is then retained 
a little west of its mean position until IS at 
which time it has not yet attained coincidence 
iidth the magnetic meridian, and after this hour 
it is determined east a little until S'*. This ef- 
fect, from 22’^ to 3‘‘, I consider as the sun^ 
swing to the east; and I think, emonining the 
l^be (2996), its small amount in decimation 
is quite consutent with the relative positions 
of Helena and the warm regson, oombmsd 
with those of the active and neutral parts of 
the quadrants traversed during the time. From 
gh to fi*' the needle end moves westwurd, foh 
lowing the sun; and that effect hsrmoniaes 
with ^e idea that the previous holding of tiie 
needle in an eastern position, from 22*‘ to S'*, is 
the sun effect; then the slow eastening from 
la midnight and beyond, is the cold effect cmn- 
iagon. 

3049. C(douel Sabine has shown that the 
months of May, June, July and August, may 
be <^|i|sed together, so that I will not spi^ of 
easiuWhilst th^ show the analogies they have 
batsmen tlmmselyes, they ek>o indicate the 
trsAsitionB to and from the other months. I/eb 
uaooindderB^ptei&bst* ^S'nxn 7^, through paidr 
ai|^ ofk to 16^, the needle stands nearly at the 
mesm From 16^ to 18‘‘, the uppm or end 
agstou through the effect of the early morning 
a^. Ihsrt the eseteningehooM be fully effect- 
ed na hour sooner than Wore (8049) is quite 
iiansisftfiiMi with theipHncmtes, for the pa^ of 
timiian and its dbrnragnetit reid<)Q H fa^ 

4a)tba idation than befoce, bWga^^ 

H (inidsthBeW 

WtlK^h eonformity wm gU hmner pbservnr 
flhatSf end then eomes an the swMsdhg &om 
aM 4o dsat, bstwem 9S^ and 24^, amLa held 

l4«dnwi»4W4«h^ 

MilihMh ka I tbioki taWOtiM 

™BiiL iff niiii E Mifrli Knf 

^^aanp*« WT^T*^n jiui 1 II I I II I |ii| -r-Tv 


kliMtftiiiBaidi ht linitflnii lliiiiiliiiti 

ihe iiHiM miigh «apli aiM«r«fd» ip 
plaeaof dIxWratimn in Ifwfihan l»ff tbpt^ 
ot tiie former sun effect in June (3041). Aftan 
this the needle end travels west from I** to 
following the sun as on other occasions; and 
then frmn O’* to 9^ it moves a httie east by tim 
evening cold in the east, and ranains iwar the 
mean positiem until the greater cold before toai- 
rise (3005, 9011) takes it more east beWMn 
16>^ and 19 ** of the oomiiHl day. 

3050. In looking at the curves of vwiaticn 
(FL XV), it will Iw seen that the curve for ^ 
next month, Octdber, is remarkable for being 
like in general character with, and yet far r». 
moved in place from, that of SeptWber; and 
this effect appears due to the drcumstance that 
tire sun has now arrived at the latitude of St> 
Helena, or nearly so. According to my suppop- 
tion, there has bWt a feeUe nif^t effect (3010); 
and at midnight tixe needle is at the mean peri* 
tion aud moving slowly westward, when thn 
greater cold whi^ preo^es the sunriee coming 
into action on the east, counterbslanoes and 
arrests the western i^rogress, and even drams 
the needle, as before, east a little for a oou{de 
of hours, till 18^. Evm the sun region is at Iff* 
in that quadrant (the south-east one), so that n 
it could act on the needle it would combine 
with the cold in the next or north-east quadn 
rant in setting it eastward, By 18’* both tim 
preceding cold rWon and the following sun ren 
9 on are so far advanced in thrir reepeotiull 
quadrants that they combine to carry <he ueg^ 
die end west aa Wore, until 2(P, ai4 then 
comes on the swing from west to east until 
Why this begins sooner, Issts Icmger, sW hi 
above four times the extent of the SWemW 
siring, appears to Ip that the sun Mgjkm amass 
up upon ^ latitude of St, i^lena, aadso edg 
in reprect to the magnetic meiiitiaa mors poiw^ 
erfuUy, also aouter longer: also tbed 
becaum (d tire mm declinatima west it atrirPl 
at eipiMletant pmnts fcom and pamss over tbs 
mai^sttic mmidisn aooma; and also fxam. dto 
effect of an aocunndative action added to lj| 
from funner months (3053). 

3 IM 1 . At 1 o’sWk tiw iteedfr begtu lUi tngl 
from extreme sssb in-, sooner than In the 
jasf months, the msgiretdc awidisfi jp 

sooner pesaM, end foUowe tbs sun 
when it stpps, sad then tire evening or iwn 
actirm dqe to obM aipearing in the east ssi#ff 
the needls bach aaatewrd till KP, snditlMfiss 
it sdvsmsam tM quadrant Into 
tom bM)t,sffBin ( 3004 ) bstosesg island 
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t0*,w}m1telfttfeerfainlt»meaiipootik^^ The 
4dold regiofii then appears ta draw it westward 
until 16^, when its distanee increasing, it re* 
leaifes the needle and lets it return east until 18 
o'dodc, when the latter is still west of its nor- 
mal position, and then the sun region rising up, 
hslp^ perhaps by the cold that immediatdly 
precedes it, which is probably now over or b^ 
ydnd the magnetic meridian, sets it toward the 
Vrest prior to the sun-swing. 

3052. In December and January the sun is 
south of the station. This makes no difference 
in the general character of the curve for these 
months; nor should it according to the hypoth- 
esis, except in this point, that though the sun 
is very near to St. Helena and has the cumula- 
tive effects of the preceding months (3050, 
3053) added to its own effect at the time, still 
It is in weaker parts of the quadrant, and whilst 
in the chief segment is almost up in the comer 
and near the place where the two neutral planes 
cross each other; hence its effect ought to be 
less, and so it is; for the sun-swing of Novem- 
ber and February is larger than that of Decem- 
ber and January. The sun-swing happens in 
December at the same time as for October, 
though in the latter month it crosses the mag- 
netic meridian after, and in the present before 
midday: still there is only half an hour’s differ- 
ence from one to the other, and the observa- 
tions are perhaps not close enough to allow one 
to separate its peculiar effect out of an interval 
of four hours. Besides, accumulative causes 
may interfere. The places of the December 
curve are altogether a little more west than 
those for October. 

3053. The eumuiofm effect of preceding 
moriths is very important and well4hown at 
8t. Helena (3050). Thus, taking the Septem- 
ber curve and comparing it with that for Octo- 
ber or the following month, we have a great 
difference of a certain kind; then again Com- 
paring September with the month in which the 
sun is returning from the southern tropic kh 
stead of proceeding to it, and has arrived at 
ttie same position as it had m O ctober , another 
striking Terence appears. March is the near- 
est month for the second comparison. Up to 
20^ its curve dianges like the October curve, 
hut the Upper end of the needle is all the time 
about half a minute east of its place in October. 
At 20^ the needle in October begins to swing 
fiwm west, and reaches extreme east at 24^: in 
Marrii it westais until 21^ then returns and 
SUiSbes extreme east at 1^; so that the swing 
IlflahMr lahu*, and during that time the end 


is from half a minute (of space) to a minute 
morewest ihm in October4 This differenee I 
bdieve to be due to the cumulative effect of 
the months between October and March, dur^ 
ing which time the heat has be«i dminkhiiig 
in the northern hemiq>here, and inerearing in 
the south, ^hnilar results in otiier months make 
it probable that the effect of the atmosphere, 
though induced by the sun, lags behind the 
luminary conrider^ as in his astronomical po- 
sition all the year round; and that therefore in 
advancing to and receding from a tropic, he 
seems to do less in the first instance and more 
in the sesoud than is due to his plac^ for the 
time. 

3054. But where circumstances are apparent- 
ly equal, a difference also arises. Thus from 
March to April in one direction, and from Sep- 
tember to October in the other, might \be ex- 
pected to be alike, except for a little of tll^e lag^ 
ging effect (3053), which would appear on both 
sides: nevertheless March and April are in Sa- 
bine’s curves between September and October, 
and near together, whilst the other two are far 
apart. This effect I refer to the different condi- 
tions of the two hemispheres as regards heat 
(Dove). From September to October the sun is 
passing from a hemisphere having a meaU tem- 
perature in summer 17^.4 above that of the 
other hemisphere for its winter; but in March 
and April it is departing from a hemisphere 
having a mean summer temperature of only 
10^.7 above that of the other hemisphere for its 
winter (2949), and these respective differences 
must tend to separate September and October, 
and bring together March and April, as is seen 
to be the ease by the curve charts, PI. XV. 

3055. 1 need not go further into the deleina- 
tion variation of St. Helena: the lines for the 
other months are subject to the observations 
alreadymade. Colonel Sabine’simportant query 
of the cause of difference in direction for differ- 
ent months (3045) appears to me at present to 
be answered for tins station, as well as for the 
other stations, in very various latitudes where 
it makes its appearance (3016, 3022, 3039). 

3056. The dip at St. Hdena is a daily varia- 
tion very sim^de in character, being a maximtm 
at 7^ and a minimum at 22^ and 23^ with okdj 
one progresrion. It proceeds to its miniiiHlin 
therefore in the middle of the sun-swing, i.C. 
the upper end of the needle proceeds to weal, 
and descends from 16^ to 19^ or 20^, durk^ 
which time therrfore the dip Is decreasing ; then 
it returns east untff it reaves the neu^ pe« 
ritioQ, the d^ decreaisiiig the wMe elffl mimt 
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The needle etitt ecmtinues to ge eaet to eom^ 
plete the suiHBwing; but now the dip increases; 
at 24^ or the ne^e returns (in decimation) 
after the sun westward, but still with inereas* 
ing dip; at 5^ or the westening has almost 
ceased, and an hour after the dip is at its max** 
imum. 

3057. So as the sun and its r^on pass over 
they diminish the dip by depressing the upper 
ends of the lines of force, and as they pass away 
the lines rise (2926,2937) and the dip increases. 
The ellipse or curve, therefore, which repre- 
sents the motion of the upper end of the ne^e 
at St. Helena, as the sun comes up from the 
east, is above westward and downward, and 
back below to east; then rising to be repeated 
in the next twenty-four hours. This is the re- 
verse direction to the representative ellipse for 
Hobarton, having like south dip in a greater 
degree. But that is in perfect consistency with 
the hypothesis; for as the region is located 
above in the air, it is above the angle which the 
dip makes with the horizon at St. Helena, and 
therefore ought to depress the line of force and 
lessen the dip. At Hobarton, the region being 
in the tropical parts is within the angle formed 
by the line of dip with the horizon, and toere- 
fore deflects the lines of force upwards and 
creases the dip, and so the portions of ellipse at 
the two places, which correspond in time and 
direction as to declination, have contrary var- 
iations of inclination. 

3058. Singapore,^ This is a very interesting 
station: being in longitude 103*^ 53' E., it has 
only r 16' N. latitude, and so is close to the 
equator. Its declination too is only 40' E., 
and its inclination 12® S. It is also near the line 
of weakest force round the earth. 'Die mag- 
netic equator of the needle is almost parallel to 
the earth's equator, and the quadrants (2929) 
are distributed with great simplicity, the mag- 
netic and astronomical meridian nearly coincid- 
ing. In our summer the sun passes through 
the east and west norihem quadnmts during 
the daytime; in our winter through the east 
and west southern quadrants; and in certain 
months through all four quadrants, fcdlowing 
nearly the neutral line of the magnetic equator. 

30%. Hence if the line of force were free, ie^, 
if it had no Imld in the earth (2919), we should 
expect from the hypothesis little or no change 
in the needle, especially in the months Wii^ 



toe sun was over the magnetic equator; iMit 
because tlmm is dip, and the iinesof iortoed^ 
govern the needle are to the soutii tied up in 
the earth (2929), whilst they are free to move 
in the air and space toward the north, so toere 
is variation both of the declination and indba- 
tion inaperfectly consistentmanner; and keep- 
ing this in mind, I think we shall have no diffi^ 
culty in tracing the monthly results according 
to the hypothesis. 

3060. In the first place, the curves of day 
variation are so like those of St. Hdena, monto 
for month , that the account given of them there 
will suffice for the present occasion (3048). Hie 
sun-swing occurs at the same peri^, and the 
effect, dependent, as I suppose, on the char- 
acter of the two hemispheres, is produced (2949, 
3054). There are however strUdng differences 
in the latter part of the sun turn, and also in 
the night hours, from 5*^ to 14^. The amount of 
variation appears small; but this is chiefly due 
to the drcumstance that the horizontal plane 
on which we read it, almost coincides witii the 
free needle, and so the coiTection before referred 
to (3009, note) necessary to give the true value 
of the variation is here very small. 

3061. Considering June first, as at St. Hel- 
ena, the upper needle end moves east as before 
until 19^, under the influence of the morning 
cold, after which it stops and is sun-driven west 
until 22^, when it swings downwards and be- 
neath to east by 3*^; then follows the sun west 
until 7^; it then stops and returns, creeping 
more and more east because of the coming cold 
(3065). In July the needle eastens a little more 
before lO*^; westens until 23^^, and then eastens 
until 4^. The suxHswing is thus thrown an hour 
later than in June, which I believe to be con- 
nected vrith the accumulation of heat over toe 
land (3054), combined with the lagging effect 
of the sun (3053). In August the needle end 
eastens until 19^; more than in July, and most 
of all the months: it then westens strongly be- 
fore toe sun until 23^, after which the sun- 
swing oomes on and continues until 5^, as if toe 
wann region were behind the sun, perhaps even 
2^ The time of the swing is much prolonged, 
and not unnaturally, as the place is at toe equal* 
tor and therefore under the son. In September 
toe eastenjng is less, the wester^ is less, and 
the sun-swing is less. April is like September, 
exe^t that the latter shows the effect of toe 
pireviously warmed hemisphere (8068)« 

8(K)2. Thmi there am tour montosb 
November, December, Jamiaiy ahd Fstamtyv 
when toe sun is souto ef fltegaipere,>imid alli^ 
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friitw Antag <1110 ^ Itt Uw«aii^rtra 
jtlati (8(MSi$« j|« aiili COOMB OB froax 16^ oir 

^ of Urn fine of foiee movee 

wedwatd (iS» lower b^ag fixed in the earth) 
mitU Id or 20 o’doek. The eun ia at this tuna in 
the aoutlMaat quadrant, and it might be ex> 
peeted peibapB that the motion of the north or 
BBd of the needle duwld be to tiie east if 
1mm were any diange at all But there are two 
or three reasons, from the hypothesis, why this 
sbould not be. For that effect tiiere should first 
of all be no dip; and in the next place, if there 
wm no dip, Ihe sun is so nearly in the neutrsd 
fine of the magnetic equator that the deflec- 
tion, if any, wotdd have been very small. On 
tiie othm hand, the lines of force have dip to 
the south, and being therefore held in the emth, 
that travelhng of the sun along the neutral line, 
"Wbitii in its coming up would have sent the 
vdiole fine of force west, and so caused no var- 
iation of dedination, can now only send the 
mutiimn parts, as they rise out of the earth and 
are curied on with the general system of lines, 
west, and so cause tiiat western travelling of 
theneedlewhidi does occur.Besides this, though 
the sun be south of tiiat neutial hue and also of 
Sbogapore, there is reason to suppose that the 
middle or resultant of the warm region is north 
evmiof both (3063), which would ^ the west- 
eoiag of the needle just described. 

3(1^. Fot if we recall to mind Dove’s results, 
they tiiow that the northern hemisphere, as a 
wh^ is warmer than the southern (^9). 
Agun, if we lodk at the meridian of Singapore, 
wa tiii^ find tiiat thm is far more oontinrait 
<m the luath of it, to produce a hig^m temper- 
ature, than to the eoutii; and even by the local 
taUtodf tentqiersture (p. 767), we shall find tiiat 
JunSi July and Augi^ are the hottetii 
Mo^hs for ^ngapm, and November, Decern- 
bSTt JaauaryaodFel»ttaiytheeddest;all trad- 
ing to make os oigq^ose tiiat the warm regkin of 
tiwatnMsphm is relatively north of the sun’s 
itiaee, and pwhaps even of Singapm (3067). 

WM. At 20*’ the sun-swing from west to east 
Mmes on, and oontinues until 2*>, alter which 
fihe aeedle movee wes4 following the sun, until 
nr n** vdMn it ia near the mean; it stifi goes 
mt westeniiig very alowiy until 17^, wbra (he 


W6& ThensMeti^ mnrna^ 
end in May, Ihme, July snd Angustt and tim 
westerly movrnneiit in NoWMsher^ Deesmhet, 
January and February, fm the same bourse up 
to 10 o’clock, are in striking oontrast; slid I 
have atiiribut^ the diffmnoe to theeff^ of a 
cold region coming on from the east during the 
former months (Ml), which is absent hi the 
latter months. In reference to this pdnt, we 
have again to contider tiiat the warn r^^is 
on the north of the equator (3063), and that an 
the sun movea norih and Boutii it also wifi move 
with it, but atill keeping north of it. Hraee the 
two eoldwegions, wMtii come up to tu moid- 
ian in hi^er latitudes (3006) beforelthe sun, 
will not be in the same relation to SiWpor^ 
for the (me on the eouth will be neaW to it 
than the one on the north, or at all evem more 
powerful. So when the sun is near anm at the 
southern tn^c, tibe warn region probably 
passes over Singapore, at which time, tiierefore, 
whilst it is the nearest, the most powerful and 
most duect in pocdtion, the cold regions will be 
leaet in force at the station, rad least 
vourably disposed by position. But when the 
sun is at the northern tropic, then the power of 
tiie warm region is diminMed, both 1^ dis- 
tance and direction, and the southern cold re- 
gion grows up into importance by increased 
strength and closer vicinity, and so produces 
the eastening before 19*'. 

3066. A striking difference in the direction of 
the night curves, from 6‘‘ to 14\ at St. Helraa 
rad Singapore may be observed. At the fonner 
place the needle end trade first east and tfara 
west, whilst at the latter it moves first west and 
then east. The difference is, I believe, due to 
the appBaranee of night cold action at St. Hti- 
ena to a greator extent than at Singapore. Sinr 
gspore shows that action in June, July and 
August, as just described (3066), but only in a 
weak degree and at a late hour. At St. Bteleuai 
which is in latitude 16” S., the cold effect should, 
for the reaaooB gtven drove (3065), appear in 
mme power, ami hraee the eadening at 6^ and 
aftwr;radttotthiBiathecaU8eiBiadicatB(i;aj|r 
80 in a degree by the tables (ff tenmemtum; foe 
whilst at SmgiHXMe tbedifferenee between the 
maximum mi mhiimwm in the twen^Mbur 


Aotkia titai it up and dnvua it 
mem qukkbr week, until al^t wbra the 
iMftWwiag ooewe. 9Ehe oorve in these 
is tiury flhniiln M ite ohemoter; the 

m oeMMMi eypeain M bnbut atimlh 

u iMitetlm by u 
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houm Is only ium 8 * to 4 * at St H(bwi» ^ is 
from 4”,6 to 7 ”, end foux-fiftiis or even fiffu* 
axtha of thip depnmnim ooBun by 9 o'eMtl 
so that four w five Imam before thMii, HMto 
was in the eaet a oold eeghm eontiim ^nnd 
proaiusu^ xup pBfSwjiwa^ woct 
ciirvM 



ii IxMUiitif^ aad 
peoted Croni thci tha sun or wwin 

nf^ srhen pMSiiig the ttiridiaa, ahragrs bs* 
iag ovw the Imes to deptees them. It Ss alike in 
all the months, faeiog greatest at nigdit>time 
and least at mid-dajr; it is nearly the same from 
^ to ; then as the son comes up it decreases 

quickly until 28*‘ or 24^ after wladi, as ^e sun 
posses away, it increases nearly as quickly un- 
til 7^ or The amount of volition is greatest 

when the sun is over or to the south of Singsr 
pore. It is least in June and July, when he is 
near the nortiimn tropic. In December and 
January, vdien he is near the southern toopic, 
it is considerably more than in June and July, 
which again seems to show that the warm re- 
gion is diiefly north of the sun (3063). 

3068. The total force vaiiatioa is simide, be- 
ing a maximum from O'* to lO**, andaminimum 
at OO** or OS'*, near noon. The greatest variation 


m 

is b Apiti MdO 0 lMtbm,ttiftlUeqtd»m^ 
the learn b Deobxbm aasd Jbne, the 0 ^ 
b at the tKguea lie li»oe b the least towards 
noon, when I suppose that the air above b b 
the worst ecmdition of ecmduelion, and wmdd 
cause a magnet bit to du)W more power. But 
how that may affect toe curves beneath on toe 
surface of toe earth, where toqr are oom|«eesed 
together, b doubtful, and the whole matter of 
bteiudty b too uncertain and has too many 
bearings for me to eonrider it usefully here. 

3069. Ilwpeaocmtopve further experimental 
data for toe purpose of illustrating and testing 
the view of the phytical cause of tiie magnetic 
variations which I have put forth, namely, 
those I expect to obtab by thediffermtial bal'' 
once, and others oonoeming toe aensibe influ- 
ence of ox 3 rgen m causbg, under different ccm- 
ditions, deflection of the lines of magnetic force. 

Boyd Institution, November 16, 1850 





Can or Good Hop>. Lonptude 19* Wf E. Latitude 33” 56' S. Declination 2d^ 05' W. Inclination S3” 15' 8. 
Mean Diurnal variation of tiie Declination in each month of the jrean 1841 to 1846. 

Inoearing numbrae denote a movement of the north or upp^ end of the magnet towards tiie East. 
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G^n w OocxD Hora. Mtaa Diumal variation of the Intensity in each month of the year, from April 1841 to June 1846. 

Increasing numbers denote increasing intensity. 

The numbers express the changes in parts of the whole Force. Approximate Total Intensity 7.5. 
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4ff West. Latitude 15^ 56' Soutii. Dedination 23” 36' West. Inclinatitm 21” 40' South. 
Mean IHumat vanotion of the Dedination fw the years 1841 to 1845 indusive. 
busnadnt ttlnbers denote increaahig eastening of the north or uj^r end of the needle. Mean Dedination 23” 36'.6 W. 
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JfeBB Dhimal variatioii of the Total Intensity in each monthi from Januaiy 1841 to December 184S« 
Incfeashm numbers denote increasing intensity. 














































Sm oAPtwai. littitude 16' N. Longitude 103° 53' E. Declination 1° 40' E. (Approx.). Inclination 12° S. (Approx.). 
lUiftMi flourty rm wlli^nn of the Magnetic Dedination for each month of the years 1843, 1844 mid 1845. 
TfMatMwing numbms dmiote a movmnent of the north or upper end of the magnet towards the East. 
























































B. M«n« Diurnd variation of the Total Intensity in the several months daring tiie years 1843, 1844, 1845. 

Increasing numbers indicate increase of total Intensity. 

Ilie nmuhmti express the changes in parts of the whole force. Approximate total intensity 8.21. 
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TWENTY-EIGHTH SEHIES^ 


$ S4. On lAnes of Magnetic Force; their Defmiie Character; and their 
DietribuHon wUhin a Magnet and through Space 

Rscxited Octobxb 22, Read November 27 and December 11, 1861 


8070. From my eariiegt expenmwts on the re- 
lation of dectricity and magnetism (114 note), 
1 have had to tiiiiA: and sp^ of lines of mag- 
netic force as tq[>re8entations of tire magnetic 
power; not merely in the points of quality and 
direction, but aim in quantity. The necesnty 
1 was under of a more frequent use of the term 
M some recent researches (2149, &c.), has led 
me to believe that the time has aniv^, vtiien 
the idea conveyed by the phrase tiiould be stat- 
ed very clearly, and tiiould also be carefully ex- 
amined, that it may be ascertained how far it 
may be tndy appli^ in representing magnetic 
ccmditions and phenomena; how far it may be 
useful in tbdr elucidation; and, also, how far it 
may assist in leading the mind conectly on to 
furtiro' conceptions of the physical nature of 
tire force, and the recognition of the possible 
effects, either new w old, which may be pro- 
duced by it. 

3071 . A line of magnetic force may be defined 
as tiiat line which is described by a very small 
magnetic needle, when it is so moved in dither 
direction cmreqMndent to its length, that the 
needle is constantly a tangent to line of 
motion; or it is that line along vdiich, if a trans- 
verse wire be moved in eithor direction, there 
is no toidenqy to the framation of any cuiv 
rent in the wire, ehilst if moved in any other 
^leetirm tiiete is sudi a tendency; or it is that 
line which ccnncides with the direction of the 
nuapMcrystallk aads of a crystal of htoauth, 
which is carried in ritiia (hiection along it. 
The dueetion time linee about and amcmgst 
magnets and tiectrie eunmits, is easily repre- 
sented and understoodi in a general manner, 
by the ordiaiiiy use of iron flings. 

3()72. Tlum haw have iwt inetely a determ^ 
bate direction, recogtrisable as above (3071), 
but becanse aremlated to a pdar or anti- 
tiwtical power, hftve cfpodte qttidities or (xm- 
(titions in opporite dbteetioBs; these qyafities, 
w}deh have to be distingniihed and identffied, 
'istetaade manifest to ns, either the position 

* liBmihM av w iw d hMi. jMW. 1- 


of the ends of <he magnetic needle, or by the 
direction of the current induced in the, moving 
wire. * 

3073. A pobt eqtudly important to ^e defi- 
nition of these lines is that ^ey represmt a de- 
terminate and unchanging amount m force. 
Though, therefore, their forms, as they ej^ be- 
tween two or more centres or sources oi mag- 
netic power, may vary very greatly, and 
the space throu^ whi(h they may be traced, 
3mt the sum of power contamed m any one sec- 
tion of a given portion of the lines is exactly 
equal to the sum of power m any other section 
of the same lines, however altered m form, or 
however convergent or divergent they may be 
at the second pl^e. The experimental proof of 
this character of the lines will be given here- 
after (3109, Ac.). 

3074. Now it ai^)ears to me that these lines 

may be employed with great advantage to rep- 
resent the nature, condition, direction and com- 
parative amount of the magnetic forces; and 
that in many cases they have, to the physical 
reasoner at least, a superiority over tiiat meth- 
od wiudi represents the forces as concentrated 
m centres of action, such as the poles of mag- 
nets or needles; or some other metimds, as, fi» 
instance, that which concaders north or south 
magnetisms as fluids diffused over the ends or 
amongst tiie partiries of a bar. No doubt, any 
of these methods which does not assume too 
mudi will, witha futhful i^iplioation, true 

results; and so they all ou^t to gpve tiie same 
recndts as far as they can reqieetively be 
plied. But some may, by thrir vwy nature, be 
applicaUe to a &r gieater extent, and ghre far 
more varied results, than othws. For just as 
tithar gsoroetry or analyris may be emptoyed 
to s(rive correetiy a paiwular protdem, tibo^ 
one has fsr nwm power and oapabUity, gene^ 
albr spealdag, titfin tire other; or just as either 
thetdea of thereflectionof images, or that of the 
reveneration of sounds may be used to lepre* 
sent certaiq jdiyrical foieeeehd eoadMomW 
may the idia of fhe ittmotiope and H^pdriena 



iuissi mJDcrmoitT m 


ol Qentnl^ or liut of tiie dbporitioii o^aiigB^ 
ie flidds, w of Uim of be>appiieid in 
tiu emaddemticm of Qutgnetie i^eboaMDo. It is 
the ooeaitonal and more frequmt use of tibe 
latter ‘which I at present ‘wish to advocate. 

8075. 1 detdre to restrict the meaning of the 
term line o/^sr^ so that it slu^ imply no more 
than the condition of the force in any gi'ven 
place, ae to strraigth and direction; and not to 
include (at present) any idea of toe nature of 
toe phyncal cause of toe phenomena; or be 
tied up with, or in any way dependent on, such 
an idea. Still, there is no impropriety in endeav- 
ouring to ccmceive the method in which toe 
physioal forces are either excited, or exist, or 
are transmitted ; nor, when these by experhnent 
and comparison are ascertained in any given 
degree, in representing them by any method 
which we adopt to represent the mere forces, 
provided no error is thereby intooduced. On 
the contrary, when the natural truth and the 
conventional representation of it most ciostiy 
agree, then are we most advanced in our 
Imowledge. The emission and the ethw theo- 
ries present such cases in relation to li^t. The 
idea of a fluid or of two fluids is toe same for 
electricity; and there toe further idea of a 
current has been raised, which indeed has 
such hold on the mind as occasionally to «Da- 
barrass toe science as respects the true charac'^ 
iet of the physioal agencies, and may be doing 
so, even now, to a degree whito we at pres- 
ent little suq)eot. The same is the case wito 
toe idea of a magnetic fluid or fluids, or wito 
toe assumption of magnetic centres of action 
ti whidi the resultants are at toe poles. How 
the magnetic force is transferred tluxiUg^ bod- 
ies or throng^ space we know not>*-whether 
the result is mei^y action at a distance, as in 
the case of gra^rity; or by some intermediate 
ageuey, as in tiie cases of light, heat, toe 
eteotrioeurrait, and (as I btoeve) static dec- 
trie action. Ilie idea of magnetic fluids, aS 
applied by some, or of magnetic centres of 
action, does not include that of the latter kind 
of traasmisrion, but toe idea of lines of force 
does. Neverthelees, because a partictdar meth- 
od of n^Niesttitiiigtoe forces does not iodude 
sndt nnaadeof tntnsmiatom, the latter is not 
tofSirdM»dkgnoved;andtoatm rspte- 

ssBtetioa hantumises with it nuqr be 
the teost true to nature. The general eonelu* 
tihn’of ’phibaophsu ssems to he (M sueh 
hM b]r flir tite itMBt iwms^ 
«Ntotiari;,'«a(tride(iag the 


of magiteto plHnomeoaextetBal totiteiDBiiietf 
I am more inclined to tius notion that in tits 
transmiaricmoftoeforeotiiereissaohanaetiaoi 
external to the magnet, than that the effeets 
are merely attraction and lepulsbn at a dis> 
tanoe. Such an action may be a function of tiie 
ether; for it is not at all unlikely that^ if there 
be an ether, it toould have other usee than sim- 
ply toe {Hurveysnce of radiations (2691, 2787). 
Perhaps when we are more clearly instmetod 
in this matter, we shall see toe source of ^ 
contradictions which are supposed to exist 
between the results of Coulcnnb, Hwrn and 
other philosophers, and find that they are not 
contradictions in reality, but mere <flllei» 
enoes in degree, d^>endent upon partiti «r 
imperfect views of the phoiomena and thrir 
causee. 

3076. lines of magnetic force may be recog- 
nised, either by their action on a magnet 
needle, or on a conducting body moving across 
them. Each of these actions may be employed 
also to indicate either the direction of toe Itoe, 
or Ihe force exerted at any gi'ven point in it, 
and tiiis th^ do with advantages for the one 
method or toe other under particular dreum- 
staaces. The actions are however very difierent 
in todr nature. The needle shows its results by 
attractions and repulsions; the moving coo* 
ductor or wire shows it by the production erf a 
current of electrioity. The latter is an effect oa- 
tirely unlike that produced on the needle, and 
due to a different action of the forces; so toat 
it gives a 'view and a result of properties of the 
lines of fence, such as toe attractiens and r^id- 
riems (rf the needle could nevw show. For this 
and other reasons I propose to devriop and a|>- 
ply toe method by a moving conductor on (he 
present ocoasian. 

8077. The general prindphs of toe develop- 
ment of an electric eunent in a wire moviug 
undffl' toe influence of magaetie forces, tram 
gjven <» a former occasion, m toe first and 
seoondsetiesrrftireeefieinirctes (36, dc);itwi& 
therefore be unnseesesty to do more than to 
oallattonti(m,aitthistime,tothespedaIeha»- 
actor of its indentions as compared to those of 
a magnetos needle, and to show how it becenato 
a peeuSw and important addition to it, in flHi 
itoiBttation <ei magnetic aetkm, ' 

8079. pnm ttiivmg wire producM Hs 
eltoto iindihriBmt^ not whto ptoria« 
Bticngto to wealmr piaeat w tbo 

1l|hshtoeWiapi^^ 

vsHely MtoSB toe lines of tores (9199. 
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Itdeteniiinesihedii^bnof thepol^ the effects to essential characters: and this dif- 


ity by an effect entirely independent of point- 
ing or such like results of attraction or repul- 
sbn; i.e., by the direction of the electric current 
produced in it during the motion.^ 

3080. The principle can be applied to the ex- 
amination of the forces wWiin numerous solid 
bodies, as the metals, as well as outside in the 
air. It is not often embarrassed by the differ- 
ence of the surrounding media, and can be used 
in fluids, gases or a vacuum with equal facility. 
Hence it can penetrate and be employed where 
the needle is forbidden ; and in other cases where 
the needle might be resorted to, though greatly 
embarrassed by the media around it, the mov- 
ing wire may be used with an immediate result 
(3142). 

3081. The method can even be applied with 
equal facility to the interior of a magnet (3116) 
a place utterly inaccessible to the magnetic 
ne^le. 

3082. The moving wire can be made to sum 
up or give the resultant at once of the magnetic 
action at many different places, i.e., the action 
due to an area or section of the lines of force, 
and so supply experimental comparisons which 
the needle could not give, except with very great 
labour, and then imperfectly. Whether the wire 
moves directly or obliquely across the lines of 
force, in one Erection or another, it sums up, 
with the same accuracy in principle, the amount 
of the forces represented by the lines it has 
crossed (3113). 

3083. So a moving wire may be accepted as a 
correct philosophical indication of the presence 
of magnetic force. Illustrations of the capabil- 
ities already referred to will arise and be point- 
ed out in the present paper; and though its 
sensibility does not as yet approach to that of 
the magnetic needle, still, there is no doubt that 
it may be very greatly increased. The diversity 
of its possible arrangements, and the great ad- 
vantage of that divei-sity, is already very man- 
ifest to mysdf. Though toth it and the needle 
depend for their results upon essential charac- 
ters a^ qualities of the magnetic force, yet 
those which are influential, and, therefore in- 
Aoated, in the one case, are very different from 
those which are active in the other; I mean, as 
lar as we have been able as yet to refer directly 

1 A natural standard of this polarity may be ob- 
tsihMidi, bv referring to the lines of force of the earth, 
In the northern hemisphere, thus: if a person with 
WHaom esunded move forward in these latitudes, then 
the dheetiion of the ^eetrie eunent, whi^ woukl 


ference may, hereafter, enable the wire to give 
a new insight into the nature of the magnetic 
force; and so it may, finally, bear upon inquir- 
ies, such as whether magnetic polarity is axial 
or dependent upon transverse lateral condi- 
tions; whether the transmission of the force is 
after the manner of a vibration or current, or 
simply action at a distance; and the many other 
questions that arise in the minds of those who 
are pursuing this branch of knowledge. 

3084. 1 will proceed to take the case of a Eom- 
ple bar ma^et, employing it in illustration of 
what has been said respecting the lines »f force 
and the moving conductor, and also for qhe pur- 



Pig. 1 


pose of ascertaining how these lines of force are 
disposed, both without and within the magnet 
itself, upon which they are dependent or to 
which they belong. For this purpose the follow- 
ing apparatus was employed. Let Fig. 1 repre- 
sent a wooden stand, of which the base is a 
board 17.5 inches in length, and 6 inches in 
breadth, and 0.8 of an inch in thickness: these 
dimensions will serve as a scale for the other 
parts. A B are two wooden uprights; D is an axis 
of wood having two long depressions cut into 
it, for the purpose of carrying the two bar mag- 
nets F and G. The wood is not cut away quite 
across the axis, but is left in the middle, so that 
the magnets are about Hsth of an inch apart. 
From O towards support A, it is removed, 
however, as low down as the axis of revolution, 
so as to form a notch between the two magnets 
when they are in their places; and by furthm: 
removal of the wood, this notch is eontinuedon 
to the end of the axis at P. This notch, or open- 
ing, is intended to recdve a wire, which can be 
carried down the axis of rotation, and &en 
passing out between the two magnets, any- 
where between O and N, can be returih^ 
towards the end P on the outmde. The magnets 
are so {dsced, that the central line of their oein-< 
pound system coincides with the am of rota* 
ticm; E being a handle by which iotatioii» sdMn 
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required, ii given. H Kod I am two copper 
slipping tightly on to the axis, by which com*- 
munication is to be made betwemi a wire ad- 
justed so as to revolve with the magnets, and 
the fixed ends of wires proceeding from a gal- 
vanometer. Thus, let P L represent a covered 
wire; which being led along the bottom of the 
notch in the axis of the apparatus, and passing 
out at the equatorial parts of the magnets, re- 
turns into the notch again near N, and termi- 
nates at K. When the form of the wire loop is 
determined and given to it, then a little piece 
of soft wood is placed between the wires in the 
notch at K, of such thickness, that when the 
ring I is put into its place, it shall press upon 
the upper wire, the piece of wood, and the lower 
wire, and keep all tightly fixed together, and at 
the same time leave the two wires effectually 
separated. The second ring, H, is then put into 
its place on the axis, and the introduction of a 
small wedge of wood, at the end of the axis, 
serves to press the end P into close and perfect 
contact with the ring H, and keep all in order. 
So the wire is free to revolve with the magnets, 
and the rings H and I are its virtual termina- 
tions. Two clips, as at C, hold the ends of the 
galvanometer wire (also of copper); and the 
latter are made to press against the rings by 
tiieir elasticity, and give an effectual contact 
bearing, which generates no current, either by 
difference of nature or by friction, during the 
revolution of the axis. 

3085. The two magnets are bars, each 12 
inches long, 1 inch brood, and 0.4 of an inch 
thick. They weigh each 19 ounces, and are of 
such a strength as to lift each other end to end 
and no more . When the two are ad j usted in their 
place, it is with the similar poles together, so 
that they shall act as one magnet, with a divi- 
sion down the middle: they are retained in their 
place by tying, or, at times, by a ring of copper 
which slips tightly over them and the axis. 

8086. The galvanometer is a very delicate in- 
strument made by Rhumkorff (2651). It was 
placed about 6 feet from the magnet apparatus, 
and was not affected by any revolution of the 
latter. The wires, connecting it with the mag- 
nets, were of copper, 0.04 of an inch in diam- 
eter, and in their whole length about 25 feet. 
The length of the wire in the galvanometer I do 
not know; its diameter was ){sftth of an inch. 
The condition of the galvanometer, wires, and 
magnets, was such, that when the bend of the 
wiresvwas formed into a loop, and that carried 
onee over Qie pole of tibe united magnets, as 
fiom 0 to 5, the galvanom 


deflected two degms mr more. The vibration 
of the needle was slow, and it was easy thW- 
f ore to reiterate this action five or mx times, or 
oftener, breaking and making contact with tlte 
galvanometer at right intervals, so as to com- 
bine the effect of like induced currents; and 
then a deflection of 1 (P or 15^ on either side of 
zero could be readily obtained. The arrange- 
ment, therefore, was sufficiently sensible for 
first experiments; and though the resistance 
opposed by the thin long galvanometer wire 
to feeble currents was considerable, yet it 
would always be the same, and would not 
interfere with results, where the final effect 
was equal to 0 ®, nor in those where the conse- 
quences were shown, not by absolute meas- 
urement, but by comparative differences. 

3087. The first practical result produced by 
the apparatus described, in respect of magneto- 
electric induction generally, i& that a piece of 
metal or conducting matter whidi moves across 



lines of magnetic force has, or tends to have, a 
current of electricity produced in it, A more re- 
stricted and precise expression of the full effect 
is the following. If a continuous circuit of con* 
ducting matter be traced out, or conceived of, 
either in a solid or fluid mass of metal or con- 
ducting matter, or in wires or bars of metal aiv 
ranged in non-conducting matter or space; 
which being moved, crosses lines of ma^tetic 
force, CH* b^g still, is by the translation of a 
magnet crossed by such lines of force; and 
further, if by inequality of angular motion, or 
by contrary motion of d^erent parts of the cir- 
cuit, or by inequality of the motion in the same 
direction, one part orossee rither more or fewer 
lines than the other; then a current wiU exM 
round H, due to the differential rdation of 
two or more intersecting parts duringthe timool 
ihe motion: the direction of which curimit wtt 
be determined (with lines having a «ven direo* 
tionof polarity) by thedirectionof winteieee*' 
tion, oomlttDed with the lektiveimkotttijt ol tbe 
intersection in tiietwo<wnmmeffi<tient 
tennaung <Qt mtaneett^ 
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3088. tlww, i| 8 tasnv&A a ttagnetie 
ppla N, and ovar it a wooit, fMmed of metail, 
wUcih v»y be of any ahape, and which » at 
$tBt bt poniaon c; than if that circuit be 
moTod in one direction into the poation 1; or 
in Umi contrary direction into position 2; or by 
a donUe direction of motion into position 3; or 
by translation into position 4; or into position 
6i or any position between the first and these or 
any resembling them; or, if the first position e 
bong retained, the pole moved to, or towards, 
the position n; then, an electric current will be 



Fig. 3 


inrodaced in the circuit, having in every case the 
same direction, being that which is marked in 
the figure by arrows. Reverse motions will give 
currents in the reverse direction (256, &c.). 

3089. l^e general principles of the produo* 
tion of electrical currents by magnetic induc- 
tion have been formerly given (27, &c.),' and 
the law of the direction of the current in rda- 
tion to the lines of forces, otated (114, 3079 note). 
But the full meaning of the above description 
oao only be appreciated hereafter, when the 
experimental results, which supply a larger 
fai^ledgeof therelations of the current to tire 
Imhs afforee, have been described. 

,3090. When Unee <4 Mss are spoken of as 
emssing a conducting circuit (3087), it must be 
emrsidmed as effect^ by the tranriation of a 
magnet. No mme rotation of a bar magnet on 
its wiis, i»wduoes any induction effect on mr- 
euitsexterior tpit; for then, theconditionsabove 
described (3088) am not fulfilled. The system 
pf power about the inagnet must not be coo- 
4dlened as necessattiy revolving with the mag- 
netic any more lhan the rays light which em- 
ai^ from the sun are supposed to revolve 
erith tim eaa. ’^JASgnet nmy even, in certain 
cissss<3097), baoowwfeedasimmlvmgamcmgit 
Ba own lb>^ and produring a full eleotiie 
eiliebnnmbleatthegaieiaiwin^ > 

tfteiiiiMClonia IfSSils Be ISllt 


3091. In tile Salt ttie wto tras ^ 
lied down the axis of the smgnet to tile 
distanoe, th^ led out at the equatorial paitp 
and retiUDod on the outride; Fig. 4 udU tepn^ 
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sent such a disposition. Supposing the inagnet 
and wire to revolve once, it is evident that the 
wire a may be considered as passing in at tibie 
axis of tttelhagnet, and returning from b across 
the lines of force external to the magnet, to tiid 
axis again at c; and that in one revolution, the 
wire from 6 to c has intersected oncel all the 
lines of force emanating from the Mend of 
the magnet. In other words, whatever\ course 
the wire may take from 6 to c, the whole system 
of lines belonging to the magnet has been once 
crossed by the wire. In order to have a correct 
notion of the relation of the result, we will sup^ 
pose a person standing at the handle E, Fig. 1 
(3084) , and looking along the magnets, the mag- 
nets l^ing fixed, and the wire loop from b to e 
turned over toward the left-hand mto a hori- 
zontal plane; then, if that loop be moved ov^ 
towards the right-hand, the magnet remainmg 
stationary, it be equivalent to a direct revo* 
lution (according to the hands of a watch or 
clock) of 180*’, and will produce a feeble current 
in a given direction at the galvanometer. If it 
be carried back 180*’ in the revezse direction, it 
will produce a corresponding current in the re- 
verse direction to the former. If the wire be hrid 
in a vertical, or any other plane, so that it may 
be oonrider^ as fixed, and the magnet be ro- 
tated through half a revolution, it wUl also pro- 
duce a current; and if rotated in the ocmtraiy 
direction, will produce a contrary current; but 
as to the dircriton of the currents, thatprodueed 
by the dired revolution of the wire is the same 
as that producedTiy the reverte revolution of the 
magnet; and that produced by the reeeree revo- 
lution of the wire is the same as that produoed 
by the direct revolution of tiie inagnet. A more 
precise Inference to the direction of the 
to the paiticulm p^ employed, azid tbei^^ 
tion of the revolution of the wire or snegi^ is 
not at present necessary ; but if requirad is ob- 
tained at onoe by reference to Fig, S (3088), e)r 
to the general law (114, 3079 nob). 

3092. The iiussziet aiMl loop bring 1 ^^ 

ouimt was psodueeii In 
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woif, mM l)e «nlt«d, bewuM ttw «o* 
tetioA «Ktld b9 oontiomd tor 10, 2^ or aay 
mimbtr of revcdutioiiB without dera&teswnt, 
aad it was easy to make thirty revdutiona or 
more within the time of the swing of tiie gal- 
Taaometer aeedlem cme directum. It was also 
easy, if any ^ect were i»oduoed, to aocumu- 
late it upon the galvsaometer by reversmg tiie 
rotation at tiie due time. But no amount of 
revolution of the magnet and wire together 
eould produce any effect. 

8093. The loop was that taken out of the 
axis of the ma^iet, but attached to it by a piece 
of pasteboard, so that all should be fixed to- 
geiber and revive with the same angular ve- 
locity, Fig. 6; but whatever the shape or die- 



Fig. 6 


pontion of the loop, whether large or small, 
near or distot, open or shut, in one plane, or 
contorted into various ifianes; whatever the 
shape or condition, or place, provided it moved 
altogether with the magnet, no current was 
produced. 

3094. Furtiiermore, when the loop was out of 
tiie magnets, and by expedients of arrange- 
ment, was retained immoveable, whilst the 
magnet revolved, no mnount of rotation of the 
magnet (unaccompanied by translation of 
idaw) pr^uced any degree of current throu^ 
the loop. 

3095. The loop of wire waa then made of two 
parts; the portion c, F^.d, on the outside of tiie 
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magnet, was fixed at 5, and the portion a, be- 
ing a sqmrate piece, was carried along the axis 
until it came in contact with the foimw at d; 
ttte revolotion of one part was thus pmnitted 
«4thsr withmr witiiout the otiier, yet preserviag 
idmtys itttiiaUio oontact and a conq^te circuit 
fim windneed murent. In this case, when the 
extenud whe and the magnet were fixed, no 
cuis«sigwesi»oduoedl^aayamou»t<^ievi>- 
hriiim fihe wire a on its axis. Ntither was ai^ 
cuiysinti p^uoeii when tim xnagnet and edre^ « 
d, iiNpm nvctved togetiier, vriitihsr tiie sri^ 


was resolved sritheiri the socteiaal part of « d, 
w titt latter revived witiKMt the magnet, titen 
ounents wme produced is before (8091). 

^ 3096. The magnet was now included in the 
circuit, in the f^wing manner. The wire e, 
Fig. 7, wae idaoed in metallic contact on botii 
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sides of the interval between the magnets at N 
(or the pole), and the part c was brought into 
contact with the centre at d. The result was in 
everything the same as when the wire a was 
continued up to d, i.e., no amount of rerolution 
of the magnet and part C together could pro- 
duce any tiectric current. When c was made to 
terminate at e or the equatorial part of the mag- 
net, the result was precistiy &e same. Also, 
when c terminated at e, the part a of tibe wire 
was continued to the centre at d, and thm« ^ 
contact perfected, but tiie result was still the 
same. No difference, therefore, was produced, 
by the use between N and d, or d and e, of ^e 
parts of the magnet in place of an insulat^ cop- 
per wire, for Ibe completion of the drcuit in 
which the induced current was to travri. No ro- 
tation of the part a produced any effect, where* 
ever it was made to terminate. 

3097. In order to obtain the power of rotat- 
ing the magnet without the external part of ^ 
wire, a copper ring was fixed round, and in ooUr- 
tact with it at the equatorial part, and the wire 
c. Fig. 8, madetobearby springpressureagainst 
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this ring, and also agunst the ring H on the axiiL 
Fig. I (3(^); tiie dreuit was examined, and 
found oomplete.Now when the wirecewas fixed 
and the magnet rotated, a current was pro- 
duced, and tiist to tiie ssme amount tm tiie 
same number of tevdutions, whether tiie part 
of the wbe a terminated at N, or was oontinued 
on to the eai^ of the magnet, cur was Qumlaittti 
from the magiwt and continued up to tiie oofK 
pm riiiga WW the wire, by expedients, whim 
timuifi^ rough w«He sufliiaeat, was made te iw* 
volve whilst the magnet was stifi, curowtsln 
the eoatnuy dhnetion w«ro imdnoed, hi luh 
eordanrowluitiiSeSectbel^dssmfM (|Q91}t 
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and the results when the wire and ma^et ro- 
tated together (3092), diow that these are in 
amount exactly equal to the former. When the 
inner and tiie outer wires were both motionless, 
and the magnet only revolved, a current in the 
full proportion was produced, and that, wheth- 
er the axial wire a made contact at the pole of 
the magnet or in the centre. 

3098. Another arrangement of the magnet 
and wires was of the following kind. A radial in- 
sulated wire was fixed in the middle of the mag- 
nets, from the centre d. Fig. P, to the circum- 
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ferenoe 6, being connected there with the equa- 
torial ring (3097) ; an axial wire touched this 
radial wire at the centre and passed out at the 
pole; the external part of the circuit, pressing 
on the ring at the equator, proceeded on the 
outside over the pole to form the communica- 
tion as before. In the case where the magnet 
was revolved without the axial and the external 
wire, the full and proper current was produced; 
the small wire, d 6, being, however, the only 
part in which this current could be generated 
by the motion; for it replaced, under these cir- 
cumstances, the body of the magnet employed 
on the former occasion (3097). 

3099. The external part of the wire instead 
of being carried back over that pole of the mag- 
net at which the axial wire entered, was con- 



tinued away over the other pole, and so round 
by a long circuit to the galvanometer; still the 
revolution of the magnet, under any of the de- 
scribed ohmmstances, produced exactly the 
mmff results as before. It will be evident by in- 
spection of Fig. lOi that, howev^ the wires are 
eiutied away, tiie general result will, according 
to the aesiuiied piuidpies of action, be the 


same; for if a be the axial wire, and V', 
the equatorial wire, represented in three differ- 
ent positions, whatever magnetic lines of force 
pass across the latter wire in one position, will 
also pass across it in the other, or in any other 
position which can be given to it. The distance 
of the wire at the place of intersection with the 
lines of force, has been shown, by the experi- 
ments (3093), to be unimport^t. 

3100. Whilst considering the condition of the 
forces of a magnet, it may be admitted that the 
two magnets used in the experimental investi- 
gations described act truly as one central mag- 
net. WeTikve only to conceive smaller similar 
magnets to be intioduced to fill up tne narrow 
space not occupied by the wire, and men the 
complete magnet would be realized — or it may 
be viewed as a magnet once perfect, wmch has 
had certain parts removed; and we know that 
neither of these changes would disturb tne gen- 
eral disposition of the forces. In and around the 
bar magnet the forces are distributed in the 
simplest and most regular manner. Supposing 
the bar removed from other magnetic influenc- 
es, then its power must be considered as extend- 
ing to any distance, according to the recognized 
law; but adopting the representative idea of 
hues of force (3074) , any wii e or line proceeding 
from a point in the magnetic equator of the bar, 
over one of the poles, so as to pass through the 
magnetic axis, and so on to a point on the op- 
posite side of the magnetic equator, must intei- 
sect all the lines in the plane through which it 
passes, whether its course be over the one pole 
or the other. So also a wiie proceeding from the 
end of the magnet at the magnetic axis, to a 
point at the magnetic equator, must intersect 
curves equal to half those of a great plane, how- 
ever small or great the length of the wiie may 
be; though by its tortuous course it may pass 
out of one pkme into another on its way to the 
equator. 

3101. Further^if such a wire as that last de- 

scribed be revolved once round the end of the 
magnet to which it is related, a slipping contact 
at i^e equator being permitted for the purpose, 
it will intersect (M the lines of force during the 
revolution; and that, whether the polar contact 
is absolutriy coincident with the magnetic ax- 
is, or is anywhere else at the end of the bar, 
provided it remain for the time unchanged. Alt 
this is true, though the magnet may be subject, 
by induction at a distance, to other magnets or 
b^ies, and may be exerting part of its force on 
tiiem, so as to the distribution of its pow« 

er very irregular as compared to the ca^ 
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independent bar (3084), or may have an irrei^ 
ular or contorted shape, even up to the horoe- 
shoe form. It is evident, indeed, that if a wire 
have one of its ends applied to any point on the 
surface of a magnet, and the other end to a 
point in the magnetic equator, and the latter be 
slipped once round the magnetic equator, and 
the loop of wire be made to pass over either 
pole, so as at last to resume its &i8t position, it 
will in the course of its journey have intersected 
ones every line of force belonging to the magnet. 

3102. A wire from pole to pole which passes 
close to the equator, of course intersects half 
the external lines of force in a great plane, twice, 
in opposite directions as regards the polarity; 
and, therefore, when revolved round the mag- 
net, has no electric current induced in it. If it 
do not touch at the equator, still, whatever lines 
it intersects are twice intersected, and so the 
same equilibrium is preserved. If the magnet 
rotate under the wire, it acts the part of the 
central rotating wire already referred to (3095) ; 
or if any course for the electric current other 
than a right line is assumed in it, that course is 
subject to the law of neutrality above stated, 
as \^1 be seen by reference to the internal con- 
dition of the magnet itself (3117). Hence the 
reason why no currents are product, under any 
circumstances of motion, by the application of 
such conductmg circuits to the magnet. I may 
further observe, in reference to the intersection 
of the lines of force, that if a wire ring, a little 
larger in diameter than the magnet, be held 
edgeways at one of the poles, so tlmt the lines of 
force there shall be in its plane, and be then 
turned 90^ and carried over the pole to the equa- 
tor (3088), it will intersect once all the lines of 
the magnet, except the very few which will 
remain unintersected at the equator. 

3103. Whilst endeavouring to establish ex- 
perimentally the definite amount of the power 
represented by the lines of forces it is necessary 
to take certain precautions, or tihe results will 
be in error. For instance, ten revolutions of the 
wire about the magnet, or of the magnet with- 
in the fixed wire (3097), ought to give a con- 
stant deflection at the galvanometer, and yet 
without any change in the position of the wire 
the results may at different times differ very 
much fromeaohotber;being at one time 9^, and 
at another only 4^ or 6^ Hound this to bedueto 
difference of velocity within certain limite, and 
to be explained and guarded against as follows. 

8104. n awire move Ikes of fmoe slow- 

ly^ a feeble eleetrio current is produced in it, 
oontiimingforthe timeof tto 


across the same lines quickly, astronger eurrent 
is produced for a shorter time. The ^eot of the 
current which deflects a galvanometer neeeffe is 
opposed by the action of tibe earth, which tends 
to return the needle to sero. A continuous week 
current, therefore, cannot deflect it so far as a 
continuous stronger current. If the currents be 
limited in duration, the same effect will occur 
unless the time of the swing of the needle to 
one side be not considerably more than the time 
of either of the currents. If the time of the 
needle-swing be ten, and the time of ten quick 
rotations be six, then all the effect of the in- 
duced current is exerted in swingmg the needle; 
but if the time of ten slow rotations be twelve 
or fifteen, then part of the current produced is 
not recognized by the extent of the vibration, 
but only by its holding the needle out awhile, 
at the extremity of a smaller arc of declination. 
Therefore, when quick and slow vdocity were 
compared, and, indeed, in every case of compar- 
ative rotations of the wire and magnet, only that 
number of rotations was taken which could be 
well included within the time of the needle’s 
journey to one side; when the needle, therefore, 
was seen to travel on to its extreme distance 
after the rotation and the inducing current had 
ceased. If the needle began to return the instant 
the motion was over, such an experiment was 
rejected for purposesof comparison. When these 
precautions were attended to, and vdocities of 
revolution taken, which occupied times from 
one-third to three-fourths of &at required for 
the swing of the needle, then the same number 
of revolutions (ten) gave the same amount of 
deflection, namely, 9^.5, with my apparatug, 
tiiou^ the time of revolution varied as 1 : 2, or 
even in a higher degree. 

3105. Another cause of difference produced 
by varpng velocity, is the diminution of the 
action of l£e current on the needle, as the angle 
which the latter forms with the convolutions of 
the coil increases. Hence a constant eurmt pro- 
duces more effect on the deflection of the needle 
for the first moments of time than afterwards# 

effect, however, was scarcely sensible for 
swinging deflections of 9*^ or 10^, produced by 
currents which were over before the needle had 
moved throuidi ^ or 5^ 

3106, It has already been shown, that it isli 
matter of indifference whether the wire revolve 
in one direction or the magnet in the other 
(3091); and this is still further proved by the 
cases where the magnet and the wire revolve 
togetiier (8098); for then tiie eurxeote wiuUh 

tend te fim are eqM 
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teoh irliAtover the poflitioti of the wire 
nu^ be. As the inunobility of the needle is a 
poiAt moxe easily ascertained than the extent 
of an arc, indicated only for a moment, and as 
the rotations of the ma^et and wire conjoint- 
ly can be made rapid hnd continuous, the proof 
01 such oases is very satisfactory. 

3107. Proceeding to experiment upon the ef- 
ftet of the distance of the wire c, Fig. f 1, from 
tiie magnet, th e wire was made to vary, so that 
sometimes it was not more than 8 inches long 



(bting of copper and 0.04 of an inch in dia- 
meter), and only half an inch from the magnet, 
whilst at other times it was 6 or 8 feet long 
and extended to a great distance. The deflection 
due to ten revolutions of the magnet was ob- 
served, and tiie average of several observations, 
for each position of the wire, taken : these were 
very dose (with the precautions before de- 
scribed) for same position; and the averages 
foriMerent positions agreed perfectly together, 
beiag I endeavoured to repeat these exper- 
faBentson distance by moving the wire and pre- 
•erving the magnet stationary in the manner 
before described (3091) ; they were not so strik- 
ing because time would only allow of smaller 
deflections bdng obtained (3104), but the same 
Bumbw oi journeys through an arc of 180^ 
gave tte mm deflection at the galvanometer, 
whether the course of tiie wire waa close to the 
magnet or far off; and the deflection agreed 
with tiiose obtain^ when the magnet was ro- 
tatbg and the wire at rest. 

8108. As to pelocUy of motion ; when the mag- 
iiet was rotating and tiie wire phMsed at 
dManeea^ then ten levolutions of the magnet 
produced the same deflection of the ne^e, 
wtokhssr tbs motion was guidker or dower , and 
wtetever the distance of the wire, provided 
tht precautions before described were attend- 
ed to (8104). That tiie same would be tirue if 
the wire were moving and the magpet still m 
shown by this ; tiiat whatever tim velodty 
whkh the wire and mag^ revolve to^wr, 
asd whatever tiisw dieting 
1^ neutralise and equal esieb other (3(M). 
^4iW. ¥vm times xesutoi the following eon- 
lAMtoqsihjqr te Ihemnetoticf matfietie 


emrents, is determhiate f<w the same Sues of 
force, whatever the distance of the point or 
plane, at which their power is exerted, is from 
the magnet. Or it is tiie same in any two, or 
more, sections ol the same lines of force, w^t* 
ever thtir form or their distance from the seat 
of the power may be. This is shown by the re- 
sults with the magnet and the wire, mhea both 
are in the circuit (3108); and also by the wire 
loop revolving with the magnet (3092) ; where 
the tendency of currents to form in the two 
parts oppose and exactly neutralise or compen- 
sate ea!^ ether. 

3110. In the latter case very varying sections 
outside of the magnet may be compaim to each 
other; thus, the wire may be conceim of as 
paasmg (or be actually formed so as ^ inter- 
sect) ihies of force near the pole, and tken, be- 
ing continued aiong a line of force un^l over 
the equator, may be directed so as to intersect 
the same lines of force in the contrary directi<m, 
and then letum along a line of force to its com- 
mencement; and so two surface sections may 
be compared. Itismanifestthat every loopform- 
ing a complete circuit, which is in a great plane 
passing through the axis of the magnet, must 
have precisely the same lines of force passing 
into and passing out of it, though they may, so 
to say, expanded in one part and com- 
press^ in another; or (speaking in the lan- 
guage of radiation) be more intense in one part 
and less intense in the other. It is also as mani- 
fest that, if the loop be not in one plane, still, 
on malring one complete revolution, tither with 
or without the magnet, it will have intersected 
in its two opposite parts an exactly equed 
amount of lines of force. Hence the comparison 
of any one section of a given amount of lines of 
force with any other section is rendered, experi- 
mentally, very extensive. 

8111. results prove that, under the chv 
cumstances, there is no loss, or destruction, oit 
evanescence, or^atent state of the magnetic 
power diitianoe. 

31 12. Abo that convergence or diveigenoe of 
the lines of force causes no difference in their 


i^twnnnfc- 

31/18. That obHquitjr at intaraeotkn eauM 
QO diffennee. It is aaqr ao to «h» loop 
(8110) tiiatit dull iateneet tiie lioea of tonw 
diieetijr tomaa at both jptaoea of inttniMlidRii, 
or din^y atone and dbUquefy attbeotiM,* 
or obliqu^bai^de(Me at bdbjanAyitiM' 

reeolt te altraye the nine (8098)< * 

8114. It b aln eddentt 1^ duMMdla of lb, • 
rotniion of iMi who ind MtfMt 
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(w in » iiM of aiAgnetio fom), iBKi 

• tiidfi»]aBM>tKm,<iien^eouinm(of elsctno- 
ify produoed k jMPoportionato to the time; 
ei^ also to the tdodiy of motioo. 

8115. They oko prove, generally, that the 
quantity of electridty thrown into a emrent k 
direetly aa the amount of curves intersected. 

3116. In addition to these results, thk metii* 
od of investigation ^ves much insight into the 
intenud condition of the magnet, and the man« 
ner in whidi the lines of force (which represent 
truly all that we are acquainted with of the pe* 
ouliar action of the magnet) dither terminate 
at its exterior, or at any assumed points, to be 
called poles, or are continued and dispel of 
within. For thk purpose, let us consider tiie ex* 
temal loop (3093) of Fig. 6. When revolving 
with the magnet no current k produced, be- 
cause the lines of force which are intersect^ on 
the one part, are again intersected in an oppos- 
ing direction on the other (3110). But if one 
part of the loop be taken down the axk of tiie 
magnet, and the wire thmi pass out at the equa- 
tor (3091), still the same absence of effect k 
inoduced; and yet it k evident that, external 
to the magnet, every part of the wire paams 
through tines of force, which conspire together 
to pr^uce a current; for all the extenud tines 
of force are then intersected by that wire in one 
revolution (3101). We must therdfore look to 
the part of tire wire vnthin the magnet for a 
power equal to that capabk of bang exerted ex- 
ternally, aird we find it in that small portion 
which represents a radius at the oentral and 
equatorial parts. When, in fact, the axial part 
of the wire was rotated it produced no i^ect 
(80^); when tiie axiid, the inner radial, and 
eicteiiud parts were revolved together, they 
prodqeed no effect;when the external wireakme 
was revolved, dtrectiy, it produoed a current 
(1091) ; and when the internal radios wire alone 
^Mhig insulated from tiw magmt) revdved, 
dfrsotiy, it also produoed a eorreat (8095, 8098> 
in the oontMiy Erection to the frnnwr ; and the 
two were exnctiy equid in power; for when both 
postiooB cd the wire moved togetiier dfrwtip, 
they perfeetiy eompaaeated eadt other (3095). 

radius wiremay be r^ikoedl^tiiemagtiet 
keeif (8066. 8118). 

4ttI7.t3o, 1^ tins test thtte eiM tinsaeffdroe 
irilhk tim laaipaet, iff the imne 

VKhat k aaot^ thuy AM 
itilMMiNl to these withouh They have a 
ti«gi ib tMnstikti to jihim 


are oontinualhms ef ifasm, absolutely 
ehaaged in their nature, eo fSr as the eiCperl* 
men^ test can be apidied to them. Evwy line 
of foroe therefore, at whatevo* distance it may 
be taken from the magnet, must be oontddesed 
as a closed oirouit, pasting in srune part of ks 
ooursethrouidithemagnet, and having anequai 
amouik of force in every part of its course. 

3118. Whoi the axial part of tiie wire k dk> 
missed and the mi^et employed in its {dace, 
so as to be intiuded in tiie circuit, it k easy to 
see how it acts the {lart of the conductor. For 
8up{>oee the wire itself to be continued from N 
to 6, Fig. IB, by any of the three paths indkat- 
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ed by dotted tines, the effect k the same in ail 
the cases, both by experiment (3093) and by 
principle (3100). For whatever the form of tim 
Iiatii, it will in one revolution intnsect tiie same 
amount of tines of force within the magnet as 
are intersected in the contrary direction ly the 
part of ^e wire outtide tiie magnet; and vdien 
tiie magnet k employed to oom{dete the tircuit 
in place of the internal wire, then its substance 
pr^uces preckdy the same leeult; for direo<- 
tion and every other tircunotance whitii in- 
fluences tiie result remains the same: one con- 
ductor has simply been substituted for anotiklf. 
The great mass of the magnet might he sup* 
posed able to do aometiung more than the Ihin 
wire, but the reason why it only ecpiak it hi 
effect will be seen hereafter (3137). And as Ike 
axial wire, in revolving, does nothing but sen* 
duet (3095), all the effect bting produoed ty 
that piui represonts a radius hstween tiw 

axk and tiie equator (3098) ; so tiie magnet, r»> 
Udving as a cyfinder, k as to its mass liks ths 
revolving wire; with the exeeptum so mueli 
of k as r^iiesents a radius eonneetiiig tqgether 
the two pohsts at the pole or axk and at tiio 
equator, where oommunieatiem whb the wbe 
k oomiMed. As was shown hmg ago (2SX>) , if a 
eylindar magnet be remdved, and tiie tods of 
tiie galvaaometw wires a c be ap{fiied to tkl 
sxtrHnhMB of its axk, no current k evtdysdk 
bat if a be applied to one end, it matWtU SM 
which, and e be apdied at the equtttik dr'toy 
otiier part on Ike snifaceof tiMesdiudar, 

rent altrays in tim same direction for tfai ahibMl 
rotate be {woduoed. * 

8ilklkiihertn|iiwiw4ihsMptih^ 
nets wec9 out in tiaoui^ tbs oq p etc sw 
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plane, and then, riiher a disc of oopper placed 
(ihere, or a wire radius only, or the magnets 
brou^t together again: and these three ar* 
rangements were used in succession to com- 
plete the circuit from the axial wire (3095) to a 
fixed wire at the surface of the equator. Which- 
ever was employed the current produced was 
the same, both in direction and amount. If the 
cylinder magnet above described (3118) be 
terminated at the ends by attached discs of 
silver or copper, the wires applied to their sur- 
faces, as they revolve with the magnet, produce 
preci^y the same currents as to direction as 
if applied to the surface of the magnet itself 
(218, 219). 

3120. In this striking disposition of the 
forces of a magnet, as exhibit^ by the moving 
wire, it exactly resembles an electro-magnetic 
helix, both as to the direction of the lines of force 
in closed circuits, and in their equal sum within 
and without. No doubt, the magnet is the most 
heterogeneous in its nature, being composed, as 
we are well-aware, of parts which differ much 
in the degree of their magnetic development; 
so much so that some of the internal portions 
appear frequently to act as keepers or sub- 
magnets to the parts which are krther from 
the centre, and so, for the time, to form com- 
plete circuits, or something equivalent to them, 
within. But these make no part of the result- 
ant of force externally, and it is only that re- 
sultant which is sensible to us in any way ; either 
by the action on a needle, or other magnets, or 
s^t iron, or the moving wire. So also the power 
which is manifest within the magnet by its ef- 
fect on the moving mass is still only that same 
resultant; beix^ equal to, and by polarity and 
other qualities, identical with it. No doubt, 
there are cases, as upon the approach of a keeper 
to the poles, or the approximation of other mag- 
nets, either in favourable or adverse positions, 
when more external force is developed, or it 
may be a portion ai^)arently thrown inwards 
and so the external force diminished. But in 
these cases, that which remains externally ex- 
istent, corresponds precisely to that which is 
the resultant interxsally; for when either the 
same, or contrary poles, of a powerful horse- 
idioe magnet were placed within an inch and a 
half of ^ poles of the bar-magnets, prepared 
to rotate with the attached wires (3092), as 
bafere described, itiU, upon their revolution^ 
mttlmalightest aotbn at t^ 
perceived; the forces within the magnet and 
them without pmfectly eompensat^ each 


3121. The definite character of the forces of 
an invariable magnet, at whatever distance 
they are observed from the magnet, has been 
already insisted upon (3109). How much more 
strikingly does that point come forth now that, 
being able to observe within the magnet, we 
find the same definite character there; every 
section of the forces, whether within or with- 
out the magnet, being exactly of the same 
amount! The power of a magnet may therefore 
be easily represented by the effects of my sec- 
tion of its lines of force; and as the currents in- 
duced by bvo different ma^ets may; easily be 
conduct^ through one wire, or bei in other 
ways, compared to each other, so facilities may 
thus arise for the establishment of a standard 
amongst magnets. 

3122. On the other hand, the use of ihe idea 
of lines of foreSf which I recommend, ti^ repre- 
sent the true and real magnetic forces, makes 
it very desirable that we should find a unit of 
such force, if it can be attainable, by any ex- 
perimental arrangement, just as one desires to 
have a unit for rays of light or heat. It does not 
seem to me improbable that further research 
will supply the means of establishing a stand- 
ard of this kind. In the meantime for the en- 
largement of the utility of the idea in relation 
to the magnetic force, and to indicate its con- 
ditions graphically, lines may be employed as 
representing these units in any given case. I 
have so employed them in former sciies of these 
Researches (2807, 2821, 2831, 2874, &c.), where 
the direction of the Zinc c//oroe is shown at once, 
and the relative amount of force, or of lines of 
force in a given space, indicated by their con- 
centration or separation, i.e., by their number 
in that space. Such a use of unit lines involves, 
I believe, no error either in the direction of the 
polarity or in the amount of force indicated at 
any given spot included in the diagrams. 

3123. The cuixents produced in wires, when 
they cross lines of magnetic force, are so feeble 
in intensity (though abundant enough in quan- 
tity, as many results show) that a fine wire gal- 
vanometer must of necessity offer great ob- 
struetion to their passage. Therefore, befereen- 
tering upon furtter experimental inquiries, Z 
hadanother galvanometer ooiistructed,inwluch 
the needles belongmg to that made by Rhum- 
korff were exx^loyed, but the coil was xeplaeed 
by a single convoluticm of very stout wire. The 
wire wai^ of oopper, 0.2 of an inch in diameter. It 
passed faoriwmtelly under tim lower needle^ 
then, ae nearly as snight be, between that and 




the upper needle, over the upper, and then 
again between that and the lower needle, Figi. 
ISf and was afterwards attached to the stan^ 
and continued for 19 or 20 feet outside of the 
glass cover. Such a wire had abundant conduct^ 
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ing power; and though it passed but once round 
each needle, gave a de;flection many times 
greater than that belonging to the former gal- 
vanometer. Thus when the ends of the nineteen 
feet of wire were soldered together, so as to 
form one loop or circuit, the passage of the wire 
once between the polos of a horseshoe magnet 
(3124), caused a deflection, or rather swing of 
the needle of above 90°. I have 
had a more perfect instrument, 
of the same kind, constructed, 
in which the conducting coil 
was cut out of plates of copper, 
so as to form a square band 0.2 
of an inch in thickness, which 
passed twice round the vibra- 
tion plane of each needle, as 
represented, Fig. I 4 , The length 
of metalaround the needles was 
24 inches, and the galvanom- 
eter was very sensitive, but the experiments to 
be described were made chiefly wi^ the former 
instrument. 

3124. It was necessary, first, to asce^n the 
effect of certain circumstances upon this simple 
galvanometer, as to their modification of its 
indications. The magnet to be used was a com- 
pound hoi'seshoe instrument, weighing 16 lbs., 
and able to support 40 lbs. by the keeper or 
submagnet. It is some years since it was mag- 
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netised, and it is therefore, probably, in a neai^ 
ly epnstant state as to power. The poles have 
the fbim* delineated, Fig. 16. Thdr distance 
apart is 1^875 inch, and the distanoe down-* 
wtedai, from i^eir summit to the bottom or 





equator of the magnet, is 8*6 inches. The gal-* 
vanometer stood in the prolongation of the 
magnetic axis, i.e. the line from pole to po^ 
and whether it were 6 or only 3 feet dis^t, 
was hardly at all affected in the time of its vi- 
bration, b^g adjusted so nearly astatic as to 
require about ten seconds to swing to the rig^t 
or to the left. 

3126. On pasting the wire across the magnet- 
ic field, as just described (3123), but with dif- 
ferent velocities, effects different in degree were 
obtained at the galvanometer, for the reasons 
formerly given (3104, 3106). The quickest ve- 
locity gave the greatest result, equal at times 
to 140°, whilst a very slow motion gave only 
80° or 40°. Still with moderately quick veloci- 
ties the effects were nearly alike, and by oper- 
ating with the same velocity, and taking the 
average of several observations, s. very unfform 
result could be obtained. 

3126. On cutting the wire across, and then 
putting the ends together in various ways it 
was found that great care was requisite in mak- 
ing contact, in this or in similar cases. Thus, to 
press the ends lightly together was not suffi- 
cient; they required to be well and recently 
cleaned and pressed closely into contact. Junc- 
tions effected by soldering or dipping into cups 
of mercury were still better, when made with 
care, and were employed at the galvanometer 
and elsewhere as often as possible. 

3127. To ascertain generally the obstruction 

caused by the interposition of thin wires, 28 
inches of copper wire, 0.046 of an inch in diam- 
eter, was introducted into the circuit at a part 
away from the magnet, with excellent juno- 
tions. The oscillation or swing, which before 
was 140° or more, was now reduced to 40°. On 
taking out the wire and repWiilAn g it by another, 
also of copper, but only 19.6 inches in length, 
and 0.0135 in diameter, the deflection was re- 
duced to 7° or 8°. i 

3128. For a rough comparison of the power 
of this magnet and the former bar-magnets 
(8086), by present galvanometer, the thick 
wire was bent into a i^p (3086), and the two 
bar-magnets, with like ends together, passed 
quickly through it up to the equatorial part; 
tibe defleetion was about 30°. Such a passege 
intersected nearly all the lines of force qf the 
baiSmagnets. A similar motion of the magnets 
close to, but outtide of, the loop, product no 
effect at the galvanometer. 

8129. tn respect to the alteration of the lines 
of force, eiiher in potitkmor in total smount> 
by bxingtag the inrfasof Ae Imrseslm 
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(tt24) mtt4shtt6az«r togetbar, tha eic« 

p^dmeato wm made, llie distance bete^een 
Hie poles l» 1.375 inch; by |dacmg a cube of soft 
iitm, OA of an inch in the fiddOi within this spaoei 
it was diminished to 0.575, and thus, virtually, 
the distance apart much lessened, and, as was 
afterwards shown experimentally (3130), the 
external power of the magnet conoentmted 
theie. Th^, whitet the cube was in place, the 
thick wire of 0.2 of an inch in diameter was ar- 
ranged so as to pass across the magnetic axis or 
pbM of stronge^ action, and fixed; after which 
the iron cube was alternately removed and 
again restored, and the effects observed. Feeble 
electric currents were produced at these times; 
but whether the cube was put into its place 
from bebw, or above or the sides, the current 
'"‘produced was always in the same direction; 
and when it was removed the current produced 
was in the reverse direction. If the cube were 
carried up to, by, and away from, the magnetic 
axis in one motion, then there was no effect at 
the galvanometer. On the other hand, when 
the wire was carried across the magnetic field 
as described (3123), so as to intersect all the 
lines of force in one movement, and sum up 
their power at the galvanometer, then there 
was no difference in the result, whether the iron 
cube was in its place or not; flowing, as far as 
this apparatus could indicate, that the sum of 
power in the section of all the lines of force ex- 
tonal to the magnet, was the same under both 
drcumstances, thou^ the distribution of it 
was different. 

3130. The very action produced by the cube, 
when in and out of place (3129), upon the forces 
wbidi affected the stationary wire, was a proof 
of the difference of distribution at different 
times. 

3181. A block of bismuth, employed in place 
of ihe iron cube, had no fEwnsible effect upcm 
the wire whether it were still or moving. 

8182. This galvanometo was first employed 
fcKr a repetitto of all the former experiments 
witb tite (3091, Ac.}. The results 

weie absolutely the same, exc^ that the 
amount of the deviation iH’i^uced, when devi- 
ation msaimrult, was larito than in ti^ 
eases* 

8138. For the comparison of different thiek- 
nentoof tim same ttietal, 1 tasde eopp^ wires 
k lengths of lOA indispiiiit^ diam^ 

etoa, and bending kto loops of a form 
dUieiae such aa wauU^admit them to pass 
V hmpBsfaoe mat- 


net, soldered them to the enih of too ccmdc^ 
ing rods, made of copper wire 0.2 of an toh 
in diameter and 86 in^es in length each, which 
were fixed on opposite rides of a narrow slip of 
wood. The whote arrangement is seen in Pi§, 
1 d; the terminations a 5 dip into the mercurial 
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cups of the galvanometer, the parts at c are 
brought%Br close together as to tou<h, except 
for the intervention of a piece of cardi and thus 
the parts from c to a b are thrown outbf action, 
except as mere conductors, whilst the loop, be- 
ing made to descend over one magnetic Wle, in- 
tersects very nearly the whole of the nWnetic 
curves, and always the same proportion. 

3134. The former magnet was too pow^ul 
for comparative esipeiiments, therefore a small- 
er one was employed, consisting of five plates, 
weighing 8 lbs., and able to carry 21 lbs. easily 
at &e keeper. The poles were 1.2 indi apart 
and an inch thick each, in the direction of the 
magnetic axis. If less magnetic power were re- 
quired, an adjustment was easily made, by ap- 
plying the keeper to the side upon both ikibs, 
the roagnetic communication being effected 
either nearer to the poles, or nearer to the equa- 
tor or bend, as less or more power was requii^. 
The descent of the loop l^tween the poles is 
then best regulated by causing the conductor 
wires to bear ultimately against a stopping'* 
block. 

3135. The effect of a quick and aslow motion 
was foimd to be the same as before (3104, 3105). 
Such velocities as the hand could impa^ were 
very effectual, and gave results of very cson- 
riderable uniformity when quick motions were 
employed. 

3136. Three different loops were compared 
together, eonsisttng of copper wire, the diam* 
eters of which were 0.2, 0.1 and 0.5 of an iilbh, 
or as 4, 2 and 1 ; their s^oiiai areas or ins«M 
therefore were as 16, 4aud 1. Tan or twelve ob- 
servations were made with each loop; the re- 
sults were near together, and the average Ibr 
each loop, bring the extent of the swing deoils 
tion on one ride from sero, is as Mows: 

Copperwireof >4eof anmchin « 

tockness IfiXIO > 

Copper wire of of an indb k ^ ^ 

tbiekneaa MriO' 

Copperutoof Hthofaaiwk « 

thkkMai 



otLmi 
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vim thcniilii the tUdw wiren pro<hic6d the 
iaigeeteOMi theiesd wm evidently not at 
aS in ptijpoilaon to the xnam^ 
smaller having greatly the advantage in that 
rei^>ect. On the other hand, when four of &e 
ampler wires were plaoed side by side, so as to 
form one loop equal in mass to the second loop, 
they gave the same result as that loop, being of 
the same power. 



Pig. 17 

3137. The disproportion of the difference of 
these three wires is evidently a consequence of 
the relative difference of the mere conducting 
part of the drouit. To compare accurately the 
effect of the lines of force on wires of different 
diameters moving across them, these diameters 
should continue to, and through the galvanom- 
eter (205), otherwise the thin wire current has 
an advantage given to it in the conducting 
part, which the thick wire current has not. 
Hence the reason why a thin wire galvanom- 
eter, such as that before described (3086), gives 
results which are alike for thick or thin wire 
loops, or for fasciculi of few or many wires. To 
enlarge the comparison, I soldered on to two 
pairs of conductors, the dimensions of those 
described (3133), two cylinders of copper, each 
5.5 inches long, but one was only 0.2 of an inch 
thick and the other 0.7, or twelve times the 
mass of the first, 17. They were then passed 


duetl«4 OMiMt b« 

the appiksation of the pdoe^ea to iavMbifni^ 
tiot^ enon witt finqueii,tlp«req) k. Their 
xoaar be shown b the foiUowbg b8taiMSei>Hi 
loop of four wires, 0.048 of an bch b diuoetw 
(3136), was passed over the pde ci the nuts* 
set, tmd produced a oertab temilt of deheetloD 
or swing; whoa the wires were sqnrated two 
and two, so as to be half or three-quarters of an 
inch apart, and when, therefore, b moving 
across the magnetac field, one pair went btfotu 
the others, the effect was less, for the reason 
already given b the ease of tire cotqwr eylbdepr 
(3137). Whmk three wires were idloWed to go 
by tcgelher, but one taken aside a couple of 
bdies, the effect fell very much ; and when that 
fourth one was out across to prevmt theretom 
current b it, the effect of the tiuee rose at tiie 
galvanometer very greatly, almost equalfing 
the effect of the four when together. 

3139. A loop was eonstruct^ of seven^y-nx 
equal fine copper wires, each 10.5 bches I<mg 
and 0.0125 (rf an bch b diametw, and ite ef- 
fect rdwerved when more and mme of tire wirea 
were cut away. As it is the comparison of the 
smaller numbm of wires, one with the 
tiiat is of most vabe, I will give the averages 
of each number for several obeervatbns, b thu 
reverse order b wbch tiiey were obtsb^ ; wad 
I btroduoe the results witii larger numbers of 
wires only for the general purpose of shovdag 
how the effect peases bto that with the 
bder of ooiq>er (3137), be gBivananubor oao* 
doctors always bebg of the same length and 
tbckneas. 


b euccession between the polee of the magnet, 
and gave resulte very nearly alike If there was 
any difference, the effect was highest with the 
sm^er cjdbder; and this may very wdl he; 
fw as the magnetic fidd was not equal b force, 
but most btense b the magnetic axa, so it b 
evident that whilst one part of the large oylb- 
der, b pasdng across, was at the axis, other 
parts were b places of less btense force and 
action, and so a return current may have exist- 
ed b thbu, wUdt ooidd not occur to the same 
extetat b a ojdbder little mors than a fourth of 
file ifiametn Iho fenmer, and vdiieh, at (he 
eaam time, had an oufiet for tiw ourrasta equal 
(b its own (fiameter, throui h thh coaduotiitg 
Hires. Aebtfiar relaliemof maasoeouttbihe 
CltiMwlmrefimbOdyofthemagMditnlfbre- 
vutvbg, dbei no mob fim a smafi rs^ 

wiHii^iniS). 

lUMi bflMDoe of fib btei^ 

fifed b MMSb 


1 wire produced an average swim of 8*4 

2 wires produeed an average Bwbg of 15*4 
8 wires produced an Bverafee string of 21*4 

4 wires produced an average swing of ^4 

5 wires produced an average swbg of 84*.4 

6 wires produeed an average swing of 87*4 
Striiesproduoedanaverageswbgof SOM 

12 wires produced an average swing irf 65M 
18 wivbpveihMBd an average swing cf 80*4 
20 wkeaprodwed an average swing of 118*4 
80 almost swung (he needle round 
40 atrongsr than the last 
60 swung the needle quite round 
flOa^tibsttunger 

76 stiungsK^ the needle freely 
thedbele ' * 

Bach, fibs that the needle p as sed p 
ms fstBnMd. that the totsba fsifes tfeipl 
mnib fib sama fm every (MS. 

8i40(4nwi the bq? lof lottr 'fefiife 
CUAQ WM snqdi^bdrM ananpd t^ 
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B|iee( to the part which paaaed between tiie 
potes, they should be close together in one plane, 
it made no difference in the result, whether 
that pladi^e was perpendicular to the magnetio 
axis or parallel to it; i.e., whether the wires in 
moving formed a band which moved edgeways 
or flatways; the results were the same as with 
tibe four wires close together, so as to represent, 
as far as they could, a round or square wire. 

9141. From all these results it may be con- 
cluded that the current or amount of electrici- 
ty evolved in the wire moving amongst the lines 

force is not, simply, as the space occupied by 
its breadth correspondent to the direction of 
the line of force, which has relation to the polar- 
ii/y of the power, nor by that width or dimen- 
sion of it which includes the number or amotmt 
bt the lines of force, and which, corresponding 
to the direction of the motion, has relation to 
the equatorial condition of the lines; but is 
jointly as the compound ratio of the two, or as 
file mass of the moving wire. The power acts 
just as well on the interior portions of the wire 
as on the exterior or supeiflcial portions, and 
a central particle, surrounded on all sides by 
copper, is just in the same relation to the force 
as those which, being superficial, have air next 
them on one side^ 

9142. By immersing the poles of the magnet 
in different media, and then making compara- 
tive experiments with the same copper wire 
loop (3145), it was found that the amount of 
the induced cunwt was the same in air, water, 
alcohol and oil of turpentine. The experiments 
in air were repeated between those with the 
liquids, so as to give a very consistent and safe 
rc^t as to the equality of action in all the 
eaaiBS. 

$143. The effect of variation of euhstance was 
the next subject which seemed to me important 
to biing under investigation, because it has a 
direct relation to the amount of force exerted, 
or ready to be exerted, within solid bodies, at 
BXkf di^ance from the magnet, in situations 
and under circumstances where it was absolute- 
ly impossible to apply the vibrations of a mag- 
netie needle, or any other form of the effects of 
attractive aiid repulsive forces. The interior of 
8u<m bodies as iron, copper, bismut^ mercmyi 
including the most paramagnetic and the 
Iflost tiSamagnetie, seemed, in this waj^, open 
ini'estigatioii, both e« to the 
masfmt of lines of force tmversmg them under 
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3144. In an eaily series of these Researches,^ 
experiments bearing upon this subject are de- 
scribed (205-213). Wires of different metab 
were moved across the lines of force of a mag- 
net, and the result arrived at was that the cur- 
rents induced in these different bodies were pro- 
portional to their electro-conduction power 
(202, 213). 

3145. The thick wire galvanometer (3123), 
with its good and short conducting communi- 
cations, promised however better results, and 
therefore loops like those already described of 
copper wire<(3133) were prepared with /wires of 
different metals, all of the same diameter, name- 
ly, 0.04 of an inch, being only of fee sub- 
stance of the conducting and galvaxibmeter 
wire. The metals were copper, silver, irCn, tin, 
lead, platinum, zinc. Under these circunffitanc- 
es the substance concerned in the excitement of 
the current is made to vary, whilst the conduct- 
ing part of the system is very good and re- 
mains the same. The results with these loops 
were as follows, being the average of from six 
to ten experiments for each loop: 

Copper 63®.0 Iron 18®.0 

Silver 61°.9 Platinum 16®.9 

Zinc 3r.5 Lead 12M 

Tin 19M 

8146. In order to dismiss, as much as pos- 
sible, the obstruction caused by bad conduct- 
ing power, and bring out any difference that 
might exist between paramagnetic and dia- 
magnetic metals, three metals were selected, 
namely, tin, iron and lead in wires, as before. 
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of 0.04 of an inch diameter; but the length was 
restricted to 3 inches, instead of extending to 
10.5 inches, and the rest of the loop was made 
up of the conducting copper wire of 0.2 in diam- 
eter, as in Fig, 18, Of course, the effect of the 
whole loop is a mixed effect, being partly due 
to fee power r^esented by the lines intersect- 
ed by the thick copper portion, and partly by 
those intersected by the three inches of specif 
wire passing between the poles. But as the great 
amount of force is concentrated within a space 
not more than an inch and a half or 2 inches in 
extent (as is seen on carrying any of the loops 
across fee magnetio axis), and as even that 
could be raadeiBtall more concentrated by using 
Trasmetions, 1839, pp. 179^199^ , 
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the iron cube (3129), and so bringing the poles 35^.66, and for iron 38^ JQ. Thus, under these 
virtually nearer to each other, it was hoped circumstances of mass, the difference between 


that the chief effect would be there, and so any 
peculiar difference existing between iron on the 
one hand and tin and lead on the other, be 
rendered manifest, especially as the resistance 
to conduction was greatly diminished by shoilr 
ening the wires from 10.5 to 3 inches. 

3147. The many experiments made with each 
metal were very close together. The average 
of the results for the three metals was as follows : 

Tin STM 

Iron 34^8 

Lead 25^.4 

The proportions, and therefore the results, are 
almost identical with those obtained before 


iron and copper disappears. The apparent in* 
feriority of copper is probably due to the latent 
al discharge, which bdore reduced the effect of 
a cylinder below that of a thick wire (3137)» 
The iron being a worse conductor in itself, and 
having equally good conductors in the prolon* 
gation of the circuit as when it was em{doyed 
as wire, would, I think, have proportionately 
less lateral discharge in it than the copper. 

3151. For a comparison, both as rega^ the 
particular substance and the mass, I attached 
a similar cylinder of bismuth to conductors. Its 
effect, with the same magnet and force, was 23^; 
a very high proportion in relation to the copper, 
and no doubt due to its mass. If it could liave 


(3145). 

3148. When lead and copper, arranged at the 
bar-magnets (3084, 3085), had been compared 
in former experiments with each other by the 
fine wire galvanometer, the results for both had 
been the same. But then the two wires used 
were short, and far thickei than the wires of the 
galvanometer or of the conducting circuit, and 
were therefore limited in the production of their 
peculiar action, by those circmnstancesof mass 
already described (3137). To show that that 
was the case, I now, with the thick wire gal- 
vanometer, employed two equal loops of copper 
and iron wire, 0.2 of an inch in thickness. Fig. 16 
(3133), passing them equably over the pole of 
the small horseshoe magnet, reduced by the 
keeper (3134; . The results were very consist- 
ent, and the mean of them was, for 

Copper 41®.7 

Iron 33^7 

3149. Here, therefore, the difference between 

copper and iron is not so great as that of 1 to 
1 ; whilst when the conductors, not concerned 

in the excitement, were very good, and able, 
comparatively, to carry on to the galvanom- 
et^ nearly all the effect of the excitement, it 
was as great as 1 to 3.5, the difference being in 
the latter case above tenfold what it was in the 
former. 

3150. To raise the effect dependent upon the 
mass in relation to that of the conducting wires 
to a still higher degree, 1 had a cylinder of iron, 
5.6 Inches in length and 0.7 of an inch in diam** 
eter, soldered on to the ends of conducting 
wires, so as to be in all respect like that of cop- 
per befoKs described (81^). In this case the 
iron not only rose up to the copper in effect, but 
even surpai^ it; the results being tat eepper 


been compared as a wire, only 0.04 in diameter 
(3145), it would probably have appeared al- 
most indifferent (3127).^ 

3152. So the current of electricity excited in 
different substances, moving across lines of 
magnetic force, appears to ^ directly as the 
conducting power of the substance. It appears 
to have no particular reference to the magnetic 
character of the body, for iron comes between 
tin and platinum, presenting no other distinc- 
tion than that due to conducting power, and 
differing far less from tiiem, than they do from 
other metals not magnetic. 

8153. The amount of lirm of force (and of the 
force represented by them) appears, therefore, 
to be equal for equal spaces occupied and trav* 
ersed by tin, iron, and platinum under the eit^^ 
cumstances; for the difference in result is in 
no proportion to the ordinaary magnetic differ* 
ence, and only as the conducting power. Tide 
agrees with the conclusion before arrived atr, 
that, for air, water, bismuth, oxygen, nitrogen, 
or a vacuum, the lines of force are the same in 
amount, except as they are more or lesa o»n* 
centrated in the substance across which tikey 
pass (2807), according as it is more or less oona* 
petent to conduct (2797), or transmit the wag- 
netio force. 


3154. Bach a oonolusion as that just arrived 
at, brings on tiie question of whi^ is 


i When bismuth is soldeied into 1he€lboikH.ttis^ 
quires to be left a long time before it is used m- 
periments. and shodld then be covered up. and uie 
loop handled with great cam; otiuvwlaetheraio^^ 


the ttsXvaneiaeter very vtm/siaefy, 
due to internal malMidar d^nge^ 
time to time until the whole w hi 
Bint mte m eqellihriuia. 
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ml horn is it te ba daSnodT For my 
turn I riiould understand the tenn to 
mean the opposite and antithetical aotions 
wliidi are manifested at the opposite endsi or 
the qpposite sides, of a limited (or unlimited) 
portion of a line of force (2835). The line of dip 
df the earth, or a part of it, may again be re- 
tered to as the natural case; and a free needle 
above or below the part, or awire moving across 
it (8076, 3079), will give the direction of the 
poJaiity. If we refer to an entirely differentand 
artifici^ source as the electro^magnetic helix, 
the same meaning and description will apply. 

3155. If the term pdanty have any meaning, 
v^hioh has reference to experimental facts and 
not to hypotheses only, beyond that included 
in the ab(we description, I am not awaie that 
ithas ever been distLactly and clearly expressed. 
It may be so, for I dare not venture to say that 
I recollect all I have read, or even all the con- 
clusions I myself have at different times come 
to. But if it neither have, nor should have any 
other meaning, then the question arises, is it 
eorrectly exhiUted or indicated in every case 
by attractions and repulsions, i.e., by such like 
mutual actions of particular bodies on each 
other under the magnetic influence? A weak 
sdution of protosulphate of iron, if surrounded 
by water, li^l, in the magnetic field, point ax- 
iaUy; if in a stronger solution than itself, it will 
point equatorially (2357, 2366, 2422). The same 
IS true with stronger oases. We cannot doubt it 
would be true even up to iron, nickel, and co- 
balt, if we could render these bodies fluid in 
tdm without altering their paramagnetic pow- 
er, or if we had the command of magnets and 
tparamagnetic and diamagnetic malia, 
etironger or weaker at pleasure. But in the case 
of the solutions, we cannot suppose that the 
weaker has one polarity in the stronger solu- 
tion and another in the water. The tines of force 
aoroBs the magnetie field have the same gener- 
al in ^ the cases, and would be shown 

egperimantally to have it, by the moving wire 
(;^6), thoufd^ not by the attractimis ai^ re- 
pulsions. 

like two modes of wquujmental indication; not 
meraly as to the method, but as to the nature 
of the lesults, and flhe vmy idnciples which are 
products, tlenoe the value 
1 ttmik of the tno^^ wire as an investigator ; 
m !t tMs ue foto 
M my xmtmw of the 

|Plmcm;bta^ 


fotepiet tbememmdiy. Tosbsi^ 
ing is always the direct effect of attiaotive and 
repulsive forces acting in couples (as in the auh 
es in question, or as in bismuth crystals), is to 
shut out ideas, in relation to magnetism, wMch 
are already applied in the theories of the nature 
of light and riectricity ; and the shutting out of 
such ideas may be an obstruction to the ad- 
vancement of truth and a defence of wrong as- 
sumptions and error. 

3157. What is the idea of polarity in a field 
of equal force (whether it be occupied by air or 
by a mas^ ^ soft iron)? A magnetic iw^le, or 
an oblong piece of iron, would not snow it in 
the air or elsewhere, except by disturoing the 
equal arrangement of the force and rmdermg 
it unequal; for on that the pointing of the needle 
or the iron, or the motions of either towards 
the walls of the magnetic field, if limited (^828) , 
would depend. A crystal of bismuth in showing 
this polarity by position (2464, 2839), does it 
without much altering the distribution of the 
force, and the alteration which does take place 
is in the contrary direction to that effect^ by 
iron (2807), for it expands the lines of force. It 
seems readily possible that a magnecrystal 
might exist, which, when in its stable petition, 
should neither cause the convergence nor di- 
vergence of the lines of force within it. It need 
only be neutral m relation to space or any sur- 
rounding medium in that direction, and disr 
magnetic in its relation in the transverse direc- 
tion, and the conditions would be fulfilled. 

3158. But though an ordinary magnetie 
needle cannot show polarity in a field of equal 
force, ^ having no reference to it, and in fact ig- 
noiing such a condition of things, a moving 
wire makes it manifest instantly, and also shows 
the full amount of magnetic power to which 
such polarity belongs; and this it does without 
disturbing the distribution of the power, as for 
as we comprehend or understand distritetion, 
when thinking of^ magnetic needles. At least 
such at present appears to me to be the esse, 
from the consideration of the action of thin and 
tlnck wires (3141) and wires of different sulh 
stances (3153). 

8159, As an experimentalist, I feti bound to 
let experiment giuide me into any train of 
thous^t which it may justify; hdng tatfofiad 
that experiment, like analysis, moirt lead 
strict truth if rightiy inteipret^j and belter* 
ing also that it is in its nature for momsuiess^ 
tiveefnew tiainsof timugirt 

n sni t 
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a iiatund iKnrer. iidi ordar 
HonB, and vary the form in which the prbc4’i^ 
of the moving wire may be applied, 1 had an 
apparatus constructed, Fig. 19^ comdsting of a 
wooden axis, one extremity of which was ter- 



minated by a copper screw, intended to reodve 
and carry one or more discs of metal that might 
be screwed on to it. This end projected so far 
beyond the support that such discs could be 
partly introduced between the poles of a horse- 
shoe magnet, so as when revolving, to move 
across the lines of force at their most intense 
place of action; and, whilst the magnet and the 
apparatus continued fixed, to revolve continu- 
oudy across the same lines of force. One of the 
galvanometer wires was pointed, and so held 
as to bear into and against the surface of a cup- 
shaped cavity at the end of the axial screw ; and 
the other was applied by the hand, or so fixed 

aa f fk Kaar^KvLo noj4. aBam fbft Tim nf 

disc, at that point which was farthest with- 
in the poles of the magnet. 

3160. Discs of metal were prepared for this 
apparatus, each 2.5 inches in dimeto', and of 
different thicknesses and material. When a ^sc 
of copper was fixed on the axis, and adjusted in 
Bsaodation widh the large horseshoe magnet 
(3150), as described above, three, or even two 
revolutions of it, would deflect the needte of 
tte ^ek wire gdvanometer through a swing 
of 30*. In this apparatus, the most eiffei^ttal 
part of the portion of the disc which is at anjr 
awiaent pasting acaoBstiie magnetic wis is that 
which is near the dreumference; for it has the 
gnateet vtiotity, eonsequentiy moves throuc^ 
mocsi^aoe, and that In a part whwe the lines 
ot force are aoet oonoentrated. 

1181. The emitaet at the end of tine axle 
always be oaiefiilly wattiied aiti made 
gbad> the dagiee of presmre on the edge of the 
tiboiffd acti betoo slg^t; otherwaw the M 
Igll, widfo the tiieumstaMea of tim le^ 
iWIMllitwti te teny forward the aame tmr 


Btant profMwticRi iff wimt gW)^^ 
should it be made at tifo anil^ cff tiie djae edge; 
if a grating or imtting friction occur, an eiea^ 
cunent is genorated by it, ll^th a smootii hard 
friction of (x^per wire against the oi^per disc 
there is vety little evolution of current When 
the copper wire presses agtunst the edge of an 
iron disc there is far more. In tither esse, how- 
ever, the effect may be diroinated or compen- 
sated; for, in adiichiever direction the disc is re- 
volved without tile magnet, the deviation of the 
neecfie, if any be produced, remains tiie sams; 
whereas, when the magnet is in place, tiie devi- 
atioiu produced by it me in the reversed direc- 
tion for reversed revolutions. Hence, if an eqnal 
number of revolutions be made in the two di- 
rections, and the unequal deflections in oppo- 
dte directions be noted, the half of thdr sum 
will give nearly the amount of dofiection whii^ 
would have occurred if no current had been e»> 
erted by friction at the edge, i.e,, provided tha 
deflections have not been tiuou^ large arcs. 
These effects of friction are no doubt objections 
to the principle in this form; still tiie remits 
are, as it appears to me, valuable in rdatioB to 
copper and iron, and are aa follows. 

3162. A copper disc, 0.05 of an inch in thiclo* 
ness, gave a awing deflection for two revohi- 
tiona, which, bring the average of several ex- 
periments, •■20*.8. A second copper diao, of 
0.1 of an inch in thickness, gave an average de- 
flection of 27*.8. A third copper disc, of 0.2 ia 

therefore, not only has ttietiiicfcness iwitbttMse 
conditions of contact) been attained for the 
maximum effect, but even surpMsed (3137). 
Thm an iron diao of 0.05 in ^riateaa, was 
placed on the axle, and gave, as its mean result, 
a deflection of 15,4”. Anothw Iran disc of four 
times the thiritneas (or 0J2) gave a defleetiiWt 
only of 14*. So here also, as before, tiie tiffim- 
neaa of maximum effect had been Burpaiasd. 

3163. The two diaca of copper and ironof 

in tidekneBa each, wbii^ 1^ produced wpa- 
rately tiie reqieetive deviations of 26i^ ittl 
14", were then both fixed on the axis, being dtp- 
anted from mutoat contact in leapm totiw 
mass, by a diao of paper, thou^ both wefodf 
oourae m eontaot at tiie centre iff motion wm 
tto eon^ said, by nmaim iff iriffrii iheelddm 
ooBnaUHtiention was perfected. In qitaMm 
tiieir iffawbeitweBO tim priea of tiMi miu|^ 
iton WM iffawd At mid-didtanee, 
tiiew^per n titito onsnsaide. WiwBibd^^ 
dhw wa» bra^t into ti» 
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and when the iron disc was in the circuit, the 
deviation produced by it was Here, 

therefore, ^proportions were nearly the same, 
when the two discs were subject at the same 
moment to the magnetic power, as when they 
were examined separately. Both have fallen a 
little, but not in any manner which seems to 
indicate that the iron has had any peculiar in- 
fluence in altering or affecting the lines of force 
passing across the magnetic field. The effect 
which has taken place appears to be one due to 
the action of the collateral mass of conducting 
matter. 

3164. If the direction of the electric current 
induced by the magnetic force in the moving 
metal be taken as the true indication of polari- 
ty, and, I think, it cannot be denied that it rep- 
Iwnts that character of the force, which the 
term polarity is intended to express, and is un- 
changeably associated with that character ; then 
these results show that the polarity of the lines 
of force within the iron is the same with that 
within the copper, when both are submitted in 
like manner to the magnetic force. In associa- 
tion with the former and new results with bis- 
muth (2431, 3151, 3168), and numerous other 
phenomena, the same conclusion may be drawn 
as to the lines of force within that substance, 
for the effects are the same with regard to the 
production of a current in it; and so fmther 
evidence is added to that which I have given, 
tending to show that bismuth is not polarized 
in the reverse direction as iron or a magnet 
(2429, 2640). By reference to the phenomena 
presented by the relative actions of paramag- 
netic and diainagnetic substances, the same 
conclusions may be drawn with respect to all 
bodies and to space itself (2787, Ac.). 

8165. That the iron disc affects the disposi- 
tion of the lines of force, is no doubt true, and 
the extent to which this is done is easily seen, 
by iBbdng a small magnetic needle, about 0.1 or 
0.05 of an inch in length, across the middle of a 
Inece of stretched tiff ead as an axis, and then 
bringing it into the magnetic field and near the 
edges of the stationary disc. The lines of force 
will be seen (3071, 3076) gathering in upon the 
iron at and near its edge, but only for a very 
littie distance from it in any direction: the 
eflfoet is that wtiich I have considered proper to 
a paramagnetic body (2807). Elsewhere, the 
of force go with &e same direction across 
Ae magnetic fidd where the iron is, as where it 
it Haot ; and it is to me a proved fact, proved by 
EunverouS given, a section of 


through the air, close to the iron, is exactly 
equal in amount of force to a section taken 
across parallel to and through the iron disc 
(3163) . All iron under induction must have just 
as much force, i.e., lines of force in its internal 
parts, as is equivalent to the lines which fall on 
to, and are continued through and out of it; 
and the same is true, as it appears to me, of any 
other paramagnetic or diamagnetic substance 
whatever. The same is true /or the magnet itself ; 
for a section through the magnet has been 
shown to be exactly equal to a section an 3 rwhere 
through the outer lines of force (31^1), and 
these sections may be taken at the surface of 
the magnet, where they may be considered as 
either in the air or in the magnet indifferently; 
and therefore alike in size, shape, poweiL polar- 
ity, and every other point. \ 

3166. 1 have used the phrase conduction po- 
larity on a former occasion (2818, 2835), but so 
limited, that it could lead to no mistake of my 
meaning, either then or now. It requires no 
words to show how it is included in the higher 
and general expression of the direction or po- 
larity of the lines of force. 

3167. Some other results with the disc appa- 
ratus (3159) were obtained, which it may be 
useful to describe hcie. Tin was formed into a 
disc of 0.1 in thickness, and 2.5 inches in diam- 
eter. The effect of the friction of the copper con- 
ductor at its edge was a feeble current, the re- 
verse of that produced in the cases of copper 
and iron (3161); but the current produced by 
the revolution, and dependent on the polarity 
of the lines of force, was the same as before. It 
produced a swing deflection of 14^.9 for two 
revolutions of the disc. 

3168. A disc of bismuth produced far too 
strong a current by friction against the copper 
conductor to allow of any useful result in its 
simple state. A ring of copper foil was therefore 
formed, and beingplaced tightly on the bismuth 
disc, was wedged up by plates of clean copper 
foil, so as to produce a clean hard contact; im- 
perfect, no doubt, but as general as could be 
made under the circumstances. When this disc 
was rotated in the one direction, it gave a d^- 
fieetbn in the same direction as if a copper at 
iron disc had been used; when rotated the 
other way, the deflection was little or nothing. 
This difference is due to the united influence ct 
the rotation effect and the friction effect in the 
one case, and their opposition in the other; bqt 
the results diow th^ the lines of force are in 
the same direction ihroui^ bisnmihi when be- 
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tween the ma^etic poles, as they are through 
copper and iron. The induced current is emcdl, 
both because of the bad conducting power of 
the bismuth and the imperfect contact at the 
edge. When the same copper rim was placed 
on the copper disc, it reduced the deflection of 
the needle from 26®.5 to 9® .34. 

3169. In illustration of the effect produced 
by those parts of the disc, which, not being in 
the place of greatest action, are conducting back 
those currents formed by the radial parts in the 
place of maximum effect, I had a wooden disc 
constructed, 0.2 in thickness and 2.5 inches in 
diameter, the centre of which was copper, for 
the purpose of attachment and electrical con- 
nexion, and the outer edge a ring of copper not 
more than ^oth of an inch in thickness. The 
two were connected by a single copper wire 
radius, in thickness 0.056 of an inch, which, as 
the disc revolved, was of course carried across 
and through the magnetic field. It gave a de- 
flection of 14®. The copper disc of 0.05 thick- 
ness, gave only an average of 28®. Now, though 
the matter of the copper ring round the wood 
will cause pari of the current, yet the chief por- 
tion must be due to the copper radius, which, 
at the effectual part near the edge (3160), is 
not more than the H 4 oth part of the full copper 
disc; and this indicates how much of the elec- 
tricity put in motion there by the magnetic 
force must be returned back in short circuits 
in the other parts of the disc. 

3170. The disc apparatus shows well the de- 
pendence of the induced current upon the ttiter- 
sedion of the lines of force (3082, 3113). If the 
disc be so arranged as to stand edgeways to the 
magnetic poles, and in the plane of the magnetic 
axis, so that it shall be parallel to the lines of 
force which pass by and through it, then no 
revolution of it, with the most powerful mag- 
net, produces the slightest signs of a current at 
the galvanometer. 

3171. The relation of the induced current to 
the electro-conducting power of the substance, 
amongst the metals (3152) leads to the pre- 
sunaption that with other bodies, as water, wax, 
glass, &c., it is absent, only in consequence of 
the great deficiency of conducting power. I 
thought that processes analogous to those em- 
ployrf with the metals, mi^t in such non- 
conductors as shellac, sulphur, &c*, yidd some 
results of static electricity (181, 192) ; and have 
xnade many expeiinients with tlus view in the 
intense magnetic field, but without any distinct 
leeolt. 


3173. All the results desmbed am those oIh 
tained with motang metafe. But mere motion 
would not generate a relatbn, whkb bad a 
foundation in the existence some previous 
state; and therefore the quiescent metals must 
be in some relation to the active centre of force, 
and that not necessarily dependent on thsh 
paramagnetic or diamagnetio condition, be- 
cause a metal at zero in that respect would have 
an electric current generated in it as well as the 
others. The relation is not as the attractions or 
repulsions of the metals, and therefore not magi 
netic in the common sense of the word; but ac- 
cording to some other function of the power. 
Iron, copper, and bismuth are very different in 
the former sense, but when moving across the 
lines of force give the same general result, mod- 
ified only by electro-conducting power. 

3173. If such a condition be hereafter verified 
by experiment and the idea of an electromc 
state (60, 242, 1114, 1661, 1729) be revived and 
established, then, such bodies as water, oil, 
resin, &c., will probably be included in the same 
state; for the non-conducting condition, which 
prevents the formation of a current in them, 
does not militate against the existence of that 
condition which is prior to the effect of motion. 
A piece of copper, which cannot have the cur- 
rent, because it is not in a circuit (3087), and a 
piece of lac, which cannot, because it is a non<^ 
conductor of electricity, may have peculiar but 
analogous states when moving across a field of 
magnetic power. 

3174. On bringing this paper to a dose, I can- 

not refrain from again expressing my conviction 
of the truthfulness of the representation, which 
the idea of lines of force swords in regard to 
magnetic action. All the points which are exi* 
perimentally established with regard to that 
action, i.e., all that is not hypothetical, appear 
to be well and truly represented by it. What- 
ever idea we employ to represent the power 
ought ultimately to include electric forces, for 
the two are so r^ted that one expression oug^t 
to serve for both. In this respect, the idea of 
lines of force appears to me to have advantages 
over the meth^ of representing ma^etic forc- 
es by centres of aorion. In a stSaight wire, fot 
instance, carrying an electric current, it is ap- 
parently impossible to repressat the mi^rae 
forces by centres of action, whereas the lines of 
force simply and truly represwit them. The 
study of these fines have, at different tim^ 
been greatly influential in leading me to vai^ 
ous results, which I thiskpiove thefo as 

weUasfoitility.T^ 
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trio i iMltt e tio B (114); earth’s inductihle ae- 
tion (149, 161, 171); the leiatkHi of magnetism 
and Ii|^ (2146 and note); diamagnetic action 
its lav (2248), and magnecrTstallic action 
(2454), are oases of this kind: and a similar in- 
fiuente of them, over my mind, will be seen in 
tiw Airtiier instances of the polarity of diamag* 
Mtic bodies (2640); tiie rdation of magnetic 
curves and tiie evolved riectric currents (243) ; 
the explication of Aiago’s phenomenon (81), 
and the cbstinction between that and ordinary 
magnetum (243, 245); the relation of riectrio 
and magnetic forces (1709); the views regard- 
ing maspetic conduction (2797) and atmos- 
pheric magnetism (2847). I have been so ao- 
coatomed, indeed, to employ them, and espe- 

rfajm jjv Wkv 

have l^ome prejudo^ in their favour, 
and eeased to be a dear-sighted judge. StHl, I 
have always endeavoured to make experiment 
the test ai^ controller of theory and opinion; 
but neither by that nor by dose cross examina- 
tion in principle have I b^n made aware of any 
mor involv^ in their use. 

3175. Whilst writing this paper I perceive, 
that, in the late aeries of these ReseardieSf Nos. 
XXV, XXVI, XXVII, I have sometimes used 
the term lines of force so vagudy as to leave the 
reader doubtful whether I intended it as a mere- 
ly representative idea of the forces, or as the 
description of the path along which the power 
was continuously exerted. What I have said in 
the beginning of this paper (3075) will render 
that matter dear. I have as yet found no reason 
to wish any part of those papers altered, except 
these doubtful expresdons: but that will be 
rectified if it be understood that, wherever the 
expressbn tine offeree is taken simply to repre- 
ae^ the disposition of the forces, it shall have 


the fullness of that meaning; (mt that wher* 
ever it may seem to represent the idea of the 
physical mode of transmission of the force, it 
expresses in that respect the opinion to which ! 
incline at present. The opinion xnay be errone- 
ous, and yet aU that relates or refers to the dis- 
position of the force will remain the same. 

3176. The value of the moving wire or con- 
ductor, as an examiner of the magnetic forces, 
appears to me very great, because it touches 
the physics of the subject in a manner altogeth- 
er different to the magnetic needle. It not only 
gives its indkations upon a different principle 
and in a Cerent manner, but in the mutual 
action of it and the source of power, it affects 
the power differently. The wire when qikescent 

^e force in the magnetic fidd; ^e ne^le when 
present does. When the wire is moving » does 
not sensibly disturb the forces external to it, 
unless perhaps in large masses, as in the discs 
(3163), or when time is concerned (1730), i.e., it 
does not disturb the disposition of the whole 
force, or the arrangement of the lines of force; 
a field of equal magnetic power is still equal to 
anything but the moving wire, whilst the wire 
moves across or through it. The moving wire 
also indicates quantity of force, independent of 
tension (2870) ; it shows that the quantity with- 
in a magnet and that outside is the same, thouc^ 
the tension be very different. In addition to 
these advantageous points, the prindple is 
available within magnets, and paramagnetic 
and diamagnetic bodies, so as to l^ve an appli- 
cation beyond that of the needle, and thus give 
experimental evidence, of a nature not other- 
wise attainaUe. 

Royal InMuHon, October 9, 1851 
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but proper in tite first umouiumnait of swdi a that the wppa was but on dMping 

proi^tioB, I proceeded to experiment with the surface carefully withfiMsandpa{imr,liMs 
tire magnet poweroftiteearth, which presents aUe to remove tiiis effect, due no doubt to kcsi 
us witb a fidd of action, not rapidly varying in communicated by haTiHHng w the use of tods, 
force with the distance, as in die case of small and theneedie then stood truly in a i^bneeqiui* 
magnets, but one whi^ for a given place may distant from the two coi^, when tiiat pitam 
be considered as uniform in powwr and direo- corresponded with the magnetic muririlMi. 
tionj for if a room be deaied of all common 3180. The connections for this galvanmnsler 

magiiets, then the terrestrial lines of megnetic (8123, 3133) were all of copper rod or wive 0.2 
f<nce which pass through it, have one common of an inch in diameter; but even with wires of 
direction, bdng that of the dip, as indicated by this thickness the extmit of the ctmduetms 
a free nee^ or other means, and are in every should not be made more than is necessary; for 
part in equal proportion or quantity, i«., have the increase from 6 to 8, 10 or 12 feet b hm^, 
equal power. Now tiie force bemg the same makes a crmdderable difference at the galva* 
everywhere, the proportion of it to the current nometer, when dectric currents, low in intoi* 
evolved b the moving wire is then perhaps sity, are to be measured. It is most beautiful to 
more simply and directly determbed, than b ob»rve b such cases the application of Ohm's 
the ease where, a s m al l m agnet bdng employed, bw of currents to the effects produced. Whm 
the force rapi^y changes b amount with the the connections were extended to a distance, 
distance. straight lengths of wire with dropping eiwla 

were provid^, and these by dipping bto cups 
^ i. Odvanmeter of mercury completed the connection and dr* 

8178. For su<h experimental results as 1 now euit. The cups condsted of cavities turned b 
propose to pve, I must rder to the galvanom* flat ineoes of wood. The ends of tiie connecting 
etermployed and the precautions requidte for rods and of the galvanometer bar were first 
its proper use. The bstrument has bem already tinned, and then amalgamated; after which 
described b prbdple (3123), and a figure of thdr contact with the mercury was both ready 
the conductor which surrounds the needles and certab. Even where ccumection had to be 
ipven. This conductor may be conddered as a made by contact of the solid substance^ I 
square copper bar, 0.2 of an bch b thickness, found it very convenient and ceitab to tin cad 
which passes twice round the plane of vibra* amalgamate the ends of the conductms, wipbg 
tion of each of the needles formbg the astatic the excess of mercury. The surfaces time 
coml^tion, and then is contbued outwards prepared are always ready for a good and pei>« 
and tennbates b two descending portions feet contact. 

which are intended to dip bto cups of mweury. 8181. When the needle has taken up itopcsi* 

As both the needles are withb the convolu- tion under the earth’s influence, and ^copper 
tions of this bar, an bdicatbg bristle Or fine (xd is adjusted to it, the needle ought to 
wire of copper is fixed parallel to, and above at true sero, and appears so to do. When that 
them upon tiie same axis, and is really the case, equal forces applied b sue* 
tiiiB,btravti]ingover the usual cesti<m on oppoate tides of the needle (by two 
graduated tirti^ diows tiie oontixuy currents through the coil for bstUMo) 
{dace and tiie extent of vibra* ou|^ to deflect the needle egoa% tm hcrih 
tion or nring of tiie needles be* tides, and tiiey do so. But sometimes, when the 
bw. Ibe Buc|>enak>a is by CO* needbaj^pearstotiiandataeDO, itmaynotbe 
coon silk, and bctiierrec^ts tiuly in the magnetic meridian; for a Uttieti^ 
the imrtrument is like a good tion b the suspention thread, evmi thoqi^lt 
atdiauy galvaaomater. be only l(f or 16” (for an bdflierent needl^ 

8172. It is hytiy kopatant and quite bsentible to the eiye locking at ilis 
that ti» bar of eoi^ about magnetic needb, does deflect it, and then tbt 
tiwueedlutiiottld bapeiftatiy fnwe sfliitii opposes the ewbg of tim anid^ 
The vmtieal sow idsM shotdd, aoeord* aalwbohsto|» and returns timneedbteiRM^ 
b«iesiti»>oi»etruitiion, bexnidway bst^^ sere (iHbf due both to the tottibh iM 
tireihsplWt(otiotiboitibbar,l^l;j^^ tMfth(’sbrea),knoteqnaIie»fte 
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tiie two directbns u not equal for equal pow- 
ekB, but is greater on one side than the other. 

3182. 1 have not yet seen a galvanometer 
which has an adjustment for the torsion of the 
suspending filament. Also, there may be other 
causes, as ^e presence about a room, in its walls 
and otber i^^s, of unknown masses of iron, 
which may render the forces on opposite sides 
of the instrument zero unequal in a slight de^ 
gree; for these reasons it is better to make 
doul^ observations. All the phenomena we have 
to deal with, present effects in two contrary di- 
rections. If a loop pass over the pole of a mag- 
net (3133) , it produces a swing in one direction ; 
if it be taken away, the swing is in the other di- 
rection; if the rectangles and rings to be de- 
scribed (3192) be rotated one way, they pro- 

^duoe one current ; if the contrary way, the other 
and contrary current is product. I have there- 
fore, always, in measuring the power of a pole 
or the effect of a revolving intersecting wire, 
made many observations in both directions, 
either alternately or irregularly; have then as- 
certained the average of those on the one side, 
and also on the other (which have differed in dif- 
ferent cases from Hoth to >iooth part) ; and have 
then taken the mean of these averages as the 
expression of the power of the induced electric 
current, or of the magnetic forces inducing it. 

3183. Care must be taken as to the position 
of the instrument and apparatus connected 
with it, in relation to a fire or sources of differ- 
ent temperatures, that parts which can gener- 
ate thermocurrents may not become warmed 
or cooled in different degrees. The instrument 
is exceedingly sensible to thermo-electric cur- 
rents; the accidental falling of a sunbeam upon 
one of two connecting mercury cups for a few 
moments disturbed the indications and ren- 
dered them useless for some time. 

8184. In order to ascertain practically, i.e., 
experimentally, the comparative value of de- 
grees in different parts of the scale or gradua- 
tion of this instrument and so to render it a 
measurer, the following trials were made. A 
loop like that before described (3133), Fig. 



Fig. 2 


was ^neeted with the galvanometer by com- 
mun&ationa which removed the loop 9 feet 
ieom the instranent, and it was tbSn fixed. A 
empound baaMoaagnet eontistiog of two {dates, 
1 iaebima^ and 0.S in 


thickness, was seleeted of such strength as to 
lift a bunch of clean iron filings, averaging 46 
grains at either extremity. Blocks were arranged 
at the loop, so that this magnet, held in a verti- 
cal position, could have one end passed down- 
wards through the loop imtil the latter coinci- 
ded with the equator of tiie magnet (3191); 
after which it could be quickly removed and the 
same operation be repeated at pleasure. When 
the magnet was thus moved, the loop being un- 
connected (at one of the mercury cups) with the 
galvanometer, there was no sensible change of 
place in, the needles; the direct influence of the 
magnet at this distance of 9 feet being too small 
for such an effect. 

3185. It must be well understood tikt, in all 
the observations made with this instrument, 
the swing is observed as the effect produced, 
unless otherwise expressed. A constant current 
in an instrument will give a constant and con- 
tinued deflection, but such is not the case here. 
The currents observed are for short periods, 
and they give, as it were, a blow or push to the 
needle, the effect of which, in swinging the 
needle, continues to increase the extent of 
the deflection long after the current is over. 
Nevertheless the extent of the swing is depend- 
ent on the electricity which passed in that brief 
current; and, as the experiments seem to indi- 
cate, is simply proportional to it, whether the 
electricity pass in a longer or a shorter time 
(3104), and notwithstanding the comparative 
variability of the current in strength during the 
time of its continuance. 

3186. The compound bar being introduced 
once into the loop and left there, the swing at 
the galvanometer was observed and found to 
be 16*^; the galvanometer needle was then 
brought to zero, and the bar removed, which 
gave a reverse current and swing, and this also 
was 16°. Many alternations, as before described, 
gave 16° as the mean result, i.e., the result of 
one intersectionof the lines of force of this mag- 
net (3102) . In order to comprehend the manner 
in which the effect of two or more intersections 
of these lines of force were added together, it 
should be remembered that a swing of th4 
needle from right to left occupied some time 
(13 seconds); so that one is able to introduce 
^e ma^t into the loop, then break the eleo 
trie circuit by raising one end of the communi- 
cating wire out of the mercury, remove the 
magnet, which by this motion does noihit^i 
restore the mercury contact, and reintroduce* 
the magnet into tiie loop, before a tenth part of 
the time has passed, dming whidb the ts^es^ 
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urged by the first impulse, would swing. In this 
way two impulses could be added toge&er, and 
their joint effect on the needle observed; and, 
indeed, by practice, three and even four im« 
pulses could be given within the needful time, 
i.e,, within one-half or two-thirds of the time of 
the full swing; but of course the latter impulses 
would have less power upon the needles, be- 
cause these would be more or less oblique to 
the current in the copper coil at the time when 
the impulses were given. There can be no doubt 
that, as regarded the currents induced in the 
loop by the magnet, they would be equal on 
every introduction of the same magnet. 

3187. Proceedingin this way lobtainedresulis 
for one, two, three, and even four introductions 
with the same magnet. 

One introduction 15® 

Two introductions 31®.25 
Three introductions 46®.87 
Four introductions 58®.50 

Here the approximation to 1, 2, 3, 4 cannot es- 
cape observation;^ and I may remark that, 
wUlst observing the place attained at the end 
of a swing which is retained only for an instant, 
some degree of error must creep in; and that 
that error must be greatest, in the first num- 
ber, where it falls altogether upon the unit of 
comparison, than in the other obsei-vations, 
where only one-half or one-third of it is added 
to a half or a third of the whole result. Thus, if 
we halve the arc for two introductions of the 
[albo] note to (3189) 

^ - «n 7» 30' 

31 

sin ^ sin 15.625 -sin 15® 37'.i 

sin sin 23.435 -sin 23® 26'.! 

sin Bin 29,25 -sin 27® 15' 

® -sin 4® 

7®.875-8in 7®52',i 


pole, it 8^es i8®.625; if we take the third of 
that for three introductions, it gives WM; 
numbers which are almost identical, so that S 
the first number was increased by cmly ^.6, 
the proportion would be as 1, 2 and 3. The 
reason why the fourth, which is 14^625, is less 
may perhaps be referred to the cause already 
assigned, namely, the declination distance of 
the needle from the coil when that impulse was 
given (3186). 

3188. In order to avoid in some degree this 
case, and to compare the degrees at the begin- 
ning of the scale, which are most important for 
the comparison of future experiments with one 
another, I took only one of the bars of the cmn- 
pound magnet employed above (3184). The re* 
suits were as follows: 

One introduction 8® 

Two introductions 15®.75 
Three introductions 23®.87 
Four introductions 31 ®.66 

which numbers are very closely as 1, 2, 3 and 4» 
If we divide as before, we have 8®, 7®.87, 7^.96, 
7^.91; so that if only 0.09 be subtracted froifi 
the first observation, or 8^, it leaves that simple 
result.* 

3189. Hence it appears, that in this mode of 
applying and measuring the magnetic powers, 
the number of degrees of swing deflection are 
for small arcs nearly proportional to the mag- 
netic force which has been brought into action 
on the moving wire.® 
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• Mr. Christie has reealied my attention to a paper 
in the PkiloBoph^ Tranaw^iona. 18^, p. 95« in 
wmoh he has investigated, at p. Ill, d;c., tiie effect 
of what may be oallra magneto^Iectrio impulses in 
dsAsot^ the magnetio needle. He found that ihe 
velocity of the projection of the needlef^whioh ie a 
measure of the force acting upon it at the instant of 
its moving^ will be propmtional to theehm^of hsilf 
arc of swing. My statement, therefm, w<^d as 
a general expression be erroneous: but for smalt arcs 
theiesults as ^ven hy it ageicdtiur from tihe tenth. 


- 2068019 
-.2727840 


.0689340 

OMIMO 


The erresr does not interfere with the gwieral reaseis- 
ing and oondusions of the paper; and as the nnMk- 
bm are the results of expdf ment, which, thooifr 
made with a first and thereiore rough apparatim 
were stiU made with some care, and are ex pre g li e o 
simply as iMeetions, I prefer their appearance 
as they are rather than in an laltsved >at«te^ Ms. 
Christie hm been so Idad as to five me the true ai* 
pressiaaof fores for many of theoaManii I have 
msirted tike results as foot-notes wharh the csoca 
oceiir.-Viai. 26, 1853. ' 


m 
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SlM* t htviblotuidliieiMAM 
filthdr kr days aiul meks togjether. 

Bywe^ tibe wnistanoy of tbdr state for a day 
is easily secured, and &at is all that is required 
ia ^ec^paiwtive experiments. Those whush I 
have in use weigh with their axis and indioat«> 
ing wiie 9 grains; and when out of the copper 
ceil vibrate to and fro once in 26 seconds. 

3191. With this instrument thus examined, I 
repeated most of the experim^ts with loope 
Icwerly described (8138, Ac.), with the same 
reaults as before. It was also ascertained that 
tiie equator of a regular bai^magnet was the 
place at which the loop should be arrested, to 
produce the maximum action; and that if it 
came short of, or passed beyond that place , the 
final result was less. Employing a magnet 12 
inches long, when the loop pasi^ 

2.8'inohes over the pde the deflection was 5^.91 

4.1 inches over the pole the deflection was 7^.50 

5.1 inches over the pole the deflection was 7*'.74 

6.1 inches over the pole the deflection was 8M6 
SkO inches over the pole the deflection was 7*^.75 
M buAes over the pdie the deflection was 6^.50 


f ii. RevoMng Redangles and Ring^ 
8192. The form of moving wire which I have 
adopted for experiments with the magnetic 
forces of the earth (3177), is either that of a 
reetan^e or a ring. 

wire rectangle (Fi^. 5) | 

placedina plane, perp 
diculartothedipandtl 

turned once round * j 

axis a 6, the two p^. — ^ 

d and e/ will twice inter- 
sect the lines of magnetic force within the area 
e e d/k In the first 1^ of revolution the contrary 
dho^on in which the two partsc d and s/ inter- 
sect those lines, will cause them to conspire in 
luodueing one current, tending to run round 
tibe rectangle (161) in a given direction; in the 
foUowing 180^ of revolution they will combine 
in effect to produce a conti^ current ; so 

i^t if the first current is from d by c c and/ to 
dagain, the second will be from d by/e and c 
to d. If the rectangle, instead of being closed, 


Cd has pointed cut to me that in July 1882, 
le esperimenti with rotafing ringa m spi- 
to the ei^’a maimotic influence; they 
nt to and ocuaeqoent upon my own 
‘ ‘ (Wime(m, 148)aadfe- 
; but he e*- 
rofriiewire; 
mtmher of the 
I <the wire. The 



be M b, and Mids theio 
bonneoted with a mmumztator, wMch fthmfgiia 
rides when the reotan^e comes into the gbm 
perpendicular to the dip, i.e., at evety half nev^ 
olution, then these successive currents etn be 
gathered up and sent on to the galvanometer 
to be measured. The parts c e d / of the 
rectangle may be looked upon rimply as eon* 
ductors; for as they do not in their motion in- 
tersect any of the lines of force, so they do not 
tend to pi^uce any current. 

8103. The apparatus which carries these tec* 
tangles, and is also the commutator for chang- 
ing the induced currents, consists of two up- 
rights, fixed,on a wooden stand, and carrying 
above a wooden horisontal axle, one end of 
which is furnished with a handle, whilfe the 
other projects, and is shaped as in Fig^. It 



Fig. 4 


may there be seen, that two semicylindrical 
plates of copper a 6 are fixed on the axle, form- 
ing a cylinder round it, except that they do not 
touch each other at their edges, which there- 
fore leave two lines of separation on opposite 
sides of the axle. Two strong copper r^, 0.2 
of an mch in diameter, are fixed to the lower 
part of the upright c, terminating there in sock- 
ets with screws for the purpose of receiving the 
ends of the rods proceeding from the galvan- 
ometer cupe (3180) : in the other direction the 
rods rise up parallel to each other, and being 
perfectly straight, press strongly against the 
curved plates of the commutator on oppodte 
sides; the consequence is that, whenever in the 
rotation of the asde, the lines of separation be- 
tween the commutator plates arrive at and 
pass the hoiisontai plane, their contact with 
theBebeazingrodsi8cbanged,aiu}ponseqmt- 
ly the diroerion of the curient procm^ 
iJiese plates to tibe rods, at^d so on to thbgcd** 
vsmometer, ii ohasiged albm. The other w 
ends of ^e commutator plates are tiunbdi w 
tlm pujpose of being conimcted by 
riie of Aliy rectimg^e ri^ 

isibiectad to experimeiit^ ^ ^ 
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StW. TIm teetet^ itaett ia tiad m * 
aaoadaa aatiaa (f^. d), which baa waadfiet on 
one Mm that didea On to and ov«r ibe part of 
the wooden arte proiecUag beyond the eour 
OHitator platea, ao tiiat it shrtl revolve wHh the 
arte. A nnall copper rod frarma a oontianation 
of that part <d the frame which ocouinea the 
pfawe of arte, and the end of thia rod entera in- 
to a hole in a aeparate ui»ight, aerving to Biq>- 
poft and ateady the rectangle and ita frame. 
Ihe framea are of two or threeaiaea, BO as to re- 
ceive rectanglea of 12 inohea in the dde, or even 
hu]^, up to 36 indies square. The rectaorte la 
adjusted in ita place, so that it shall be in the 
hoiiaontal plane when the diviaion between the 
commutatw platea ia in the aame plane, and 
then ita extremitiea are aoldered to the two 
commutator platea, one to esdi. It ia now evi- 
dent that when derting with the lines of force 
of the earth, or any other lines, the axle has 
only to be turned until the uptight copper rods 
touch on each side at the separation of the 
commutator plates, and then the instrument 
adjusted in position, so that the plane of the 
ring or rectangle is perpendicular to the direc- 
tion of the Unea of force which are to be exam- 
ined, and then any revol- 
ution of the commutator 
and intersecring wire will __ 
produce the maximum 
current which such wire 
and such magnetic force 
can produce. The lines of ® 

toitestrial magneric force are inclined at an 
anrteof 69” to thehorisontal plane. As, however, 
only comparative results were required, toe 
instrument was, in all toe ensuing expaiments, 
placed in toe hoiiaontal plane, with toe axis of 
rotarion perpendicular to the jdane of the mag- 
netic meridian; under which oireumstances no 
cause of error or variation was introduced into 
toe results. As nq extra magnet was employed, 
the commutator was placed within 8 feet of toe 
galvanometor, so that two pdeoes of ec^gier 
wire 8 feet long and 0.2 of an inch in thickness, 
Mxffioed to ootort^ete the communication. One 
end of MMsh of toese dipped into the galvs- 
om^eter mereuty cups, toe other ends vnm 
^failed, introduced into the aock- 

ets of the commutator rods (3193), and. se- 
ewed by toe fdnching screw {Fig. 

S195. When a length of wire is to be 
disposed of in toe fonn beat suited to produce 
toemartttttat ^ect, tow the circumstances to 
beeoQSidered are contrary for tbe ease of a loop 
to be artpbqedtdtoaamrt l m agn e t (38, SIM), 


8W 

and a imtongtoer ctov fMud ie^ 
ployed wHfe toe finee of rthrestrial fena in to^ 
eaae of the small magnet, oB the Unea of lotoe 
belonging to it ere iartosirt by tibe loop; and if 
toe wire is ao long that it can be form^ into a 
loop of two or more convotutions, and yet pan 
over the pole, then twice or many times tte 
electrioity will be evolved than a nnrta iwp 
can produce (36). In toe case of tiie eaito’s 
force, toeecmtrary result is true; for asin drdes, 
squares, rimilar rectangles, Ac., the areas to- 
closed are as toe squares of the periphery, wad 
the lines of force intereected are as the areas. It 
is much bettM to arrange a givw wire to one 
simple drouit than to two ch* more eonvrtuthms. 
Twelve feet of wire in one square toterseots to 
one revoiutiim the lines of fonie passing 
through an area of nine square feet, whilst if 
arranged in a triple circuit, about a square of 
one foot area, it will only toteraeot toe lines 
due to that area; and it is thrice as advanta- 
geous to intersect the hnes within nine square 
feet once, as it is to intersect those of one 
square foot tiiree times. 

3196. A square was prepared, containing 4 
feet in length of copper wire 0.05 of an inch in 
diameter; it tooiosed one square foot of area, 
and was mounted on the commutstor and ocm- 
nectod to the manner already described (3194). 
Six revolutions of it produced a swing deSee* 
tion of 14” or 15”, and twelve quick revrtutioBS 
were possible within tiie reqtuied time (3104). 
The results of gwck and dmo levrtutiona were 
first compued. Six slow revolutions gave aa toe 
average of several experiments 15” A Mring. fiSx 
modmate revolutions gave also aa avenge rtf 
15”.6; six quiiA revrtutions gave aa average of 
15”.66. At another time twelve moderate revo- 
lutions gave aa average of 28”.75, and twelve 
quick tevolutioas gave au avenge of 31”.3i 
swing. As before expirtned (3186), the probable 
reason why toe quick tevolutions gave a larger 
result than the moderate or slow revoltttiims is, 
that to rtow time tin later revrtutions are per- 
formed at a period when the needle is so far 
from pigrtlrt vrith the copper coil of the gal- 
vanometor that the impuhim due to them an 
ton eSectiudly exerted. Hence a sm^ or nod- 
erate Biunber of revrtutiims and a qoidcnwttoa 
to beet The diffeiwee to the extreme ease to 
ton tiuua mi^t have been expected, ^ showB 
that then js no practical objection Ip tide re- 
spect to th4 metood {woposed of experimenttog 
wito the Bsee of nagertic foree. 

3187. lo order to obtain fer the preaent an 
epptendw rt tin pofwer of tin earth's Bugefetie 


lajKStieiaair 
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foitebythisreetangle^obBervat^^^ quick revolutions appeared as in the former 


on both sides of sero» as already recommended 
(8182), Nine moderately quick direct revolu- 
tions (i.e«» fts the hands of the clock) gave as the 
average of many experiments 23^.87, and nine 
reveiBe revolutions gave 23*’.37; the mean of 
these is 23^.62 for the nine revolutions of the 
rectangle, and therefore 2^.624 per revolution. 
Now the six quick revolutions (3196) gave 
15^.66, which is 2*’.61 per revolution, and the 
twdve quick revolutions gave 31°.33, which is 
also 2^.61 per revolution; and these results of 
2^.624, 2^.61, and 2^.61, are very much in ac- 
cordance, and give great confidence in this 
method of investigating magnetic forces.^ 

3198. A rectangle was prepared of the same 
length (4 feet) of the same wire, but the sides 
were respectively 8 and 16 inches {Fig. 6), so 



Fig. 6 Fig. 7 


that when revolving the intersecting parts 
should be only 8 inches in length instead of 12. 
The area of the rectangle was necessarily 128 
square inches instead of 144. This rectangle 
showed the same difference of quick and slow 
rotations as before (3196). When nine direct 
revolutions were made, the result was 20^.87 
swing. Nine reverse revolutions gave an average 
of 2^.25 swing; the mean is 20^.56, or 2^.284 
per revolution. A third rectangle was prepared 
of the same length and kind of wire, the sides 
of which were respectively 8 and 16 inches long 
(Fig* 7), hut now so revolved that the inter- 
secting parts were 16 inches, or twice as long as 
before; the area of the rectangle remained the 
same, i.e., 128 inches. The like effect of slow and 


cases (3196, 3198) . Nine direct revolutions gave 
as the average ^ect 2(f .75; and nine reverse 
revolutions produced 21*^.375; the mean is 
21‘^.06, or 2®.34 per revolution. 

3199. Now 2^.34 is so near to 2^.284, that 
they may in the present state of the investiga- 
tion be considered the same. The little differ- 
ence that is evident was, 1 suspect, occasioned 
by centrifugal power throwing out the middle 
of the longer intersecting parts during the rev- 
olution. l^e coincidence of the numbers shows 
that the variation in the arrangement of the 
rectangle and in the length of the parts of the 
wires intersecting the lines of magnetic force 
have had hd influence in altering the /result, 
which, being dependent alone on the number of 
lines of force intersected, is the same for both; 
for the area of the rectangles is the sama This 
is still further shown by comparing the results 
with those obtained with the square. The area 
in that case was 144 square inches, and the ef- 
fect per revolution 2® .61. With the long rec- 
tangles the area is 128 square inches, and the 
mean of the two results is 2® .3 12 per revolution. 
Now 144 square inches is to 128 square inches 
as 2®.61 is to 2®.32; a result so near to 2®.312 
that it may be here considered as the same; 
proving that the electric cuirent induced i^ di- 
rectly as the lines of magnetic force intersected 
by the moving wire.* 

3200. It may also be perceived that no differ- 
ence is produced when the lines of force are 
chiefly disposed in the direction of the motion 
of the wire, or else, chiefly in the direction of 
the length of the wire; i.e., no alterations are 
occasioned by variations in the velocUy of the 
motion, or of the length of the wire, provided 
the amount of lines of magnetic force intersect- 
ed remains the same. 


« Bin 7“ 88 - Bn 7*49' 8 - 1362343 _ 0227067 

^23^ - rrfn 11* 81 « dn 11*48'.6 - 2047069 2047069 _ .0227474 

^81^ » rinl6*.666- rin 16*40' - 2700403 ■ 0228084 


• Obbng leetangleB of 12S square inohes area give a mesa of 20^81 (8198). The rectangle of 144 square 
inches gave a mean of 23^62 (3197). 
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8201. Having a square on the frame 12 ineh* 
es in the side but consisting of copper wire 0.1 
of an inch in thickness, I obtained the average 
result of many observations for one, two, three, 
four and five revolutions of the wire. 


age result of 41^.75, alkd six to the left gave 
46^.25; the mean of the two is 44^ and this 
vided by six gives 7^.33 as the defieotioii per 
revolution. Again, three direct revolutions gave 
20*’.12, and three reverse revolutions 23^.1; the 


One revolution gave 7® equal to 7® per revolution 

Two revolutions gave 13®.875 equal to 3®.937 per revolution 

Three revolutions gave 21®.075 equal to 7®.026 per revolution 
Four revolutions gave 28®. 637 equal to 7®. 159 per revolution 

Five revolutions gave 37®.637 equal to 7®.627 per revolution 


These results are exceedingly close upon each 
other, especially for the first 30®, and confirm 
several of the conclusions before drawn (3189, 
3199) as to the indications of the instrument, 
the amount of the curves, &c.^ 

3202. At another time I compared the effect 
of equable revolutions with other revolutions 
very irregular in their rates, the motion l^eing 
sometimes even backwards and continually dif- 
fering in degree by fits and starts, yet always 
so that within the proper time a certain num- 
ber of revolutions should have been completed. 
The rectangle was of wire 0.2 of an inch thick; 
the mean of many experiments, which were 
closely alike in their results, gave for two 
smooth, equable revolutions, 17®.5, and also for 
two irregular uncertain revolutions the same 
amount of 17®.6 

3203. The relation of the current produced 
to the mass of the wire was then examined; a 
relation, which has been investigated on a for- 
mer occasion by loops and small magnets 
(8133).* For the present purpose two other 
equal squares were prepared, each a foot in the 
side, but the copper wire of which they consist- 
ed was respectively 0.1 and 0.2 of an inch in di- 
ameter; so that with the former rectangle they 
formed a series of three, having the same size, 
shape and area, but the masses of the moving 
wire increasing in the proportion of one, four 
and sixteen, "l^en the rectangle of 0.1 wire was 
employed, six direct revolutions gave an aver- 


mean being 21® .61, and the deflection per reW 
olution 7®.^. This is very close to the former 
result with six revolutions, namely 7® .38, and 
is a large increase upon the effect of the rec- 
tangle of wire 0.05 in diameter, namely 2®.61; 
nevertheless, it is not as 4 : 1 ; nor could sudi a 
result be expected, inasmuch as the mass of the 
chief conductor remained the same (3137). 
Wlien the results are compared with those made 
with like wires in the form of loops, they are 
found to be exceedingly close; in that case the 
results were as 16® to 44® .4 (3136), which would 
accord with a ratio in the present case of 2®.61 
to 7® .26; and it is as 2®.61 to 7®.242, almost 
identical. 

3204. The average of the direct and reverse 
revolutions is seen above to differ considerably, 
i.e., up to 4® and 5® in the higher case. This 
does not indicate any error in principle, but re- 
sults simply from the circumstance that when 
the needles were quiescent in the galvanometer 
they stood a little on one side of zero (3182). 1 
did not wish to adjust the instrument at the 
time, as 1 was watching for spontaneous alterar 
tions of the zero place, and prefer giving the 
numbers as they came out in the investigation, 
to any pen-and-ink correction of the notes. 

3205. The third square of 0.2 wire gave such 
large swings that I employed only a si^l num* 
ber of revolutions. Three direct revolutions 
gave an average of 25®.58; three reverse revo- 
lutions gave an average of 25®.58; three reverse 
revolutions gave 28®.5; the mean is 27®.04 and 


PifferenoM. 

3*.30 -.0610486 .0610486 

da - .in 6».9376 -«ta 6» 66'.26 - . 1207866 ' “ “OOSOS* 

^2im ^ ^ IQO 5376 ..in io» aa'.ae - . 1828790 (,554320 - .0609896 

rtnHI|§Z - ainl4».8186 -«n 14» 19'.11 -.2478119 5752505 ' ^5*^“ -.0618279 

gin ^^^-■inl9’.8186 -.in IS* 49M1 -.8226714 » .0648148 

• Sse a oorresponding mvestiaation by Chrifttie, ^^nUoaophicat Trmn9tiaion»t 1833, p. 120. 
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1119 tmomi Mr iwirc4utioii VAh Again, two 
4iff9c(tf9vdutic9)ag^ 17^A; tworevecserevo* 
Itttloiia gare 19*; the mean ia 17^.75, and the 
amount per revolution 8^87; the mean of the 
two final reaults is 8^.94, and is again an in^ 
crease on the effect produced by the preceding 
rectangle of wire, only half the diameter of the 
preset This thickness of wire was also em- 
ployed formerly as a loop (3136) ; and if we com- 
pare the results then obtained with the present 
results, it is remarkable how near they approach 
to each other; a circumstance which l^s to 
great confidence in the principles and practice 
Gt both forms of examination. When wiies hav- 
ing masses in the pro]x>rtion of 1, 4, and 16 were 
employed as loops, the currents indicated by 
HbG galvanometer were as 1.00, 2.77, and 3.58; 
now that they are employed as rectangles sub- 
ject to the earth’s magnetic power, they are as 
1^00, 2.78, and 3.45.^ 

"8206. 1 formed a square, 12 inches in the side, 
of four convolutions of copper wire 0.05 of an 
inch in diameter; the single wire which formed 
it was consequently 16 feet long. Such a lee- 
tani^ will, in revolving, intersect the same 
number of lines of magnetic force as the former 
reetanglemadh with wire 0.1 in diameter (3203) : 
tihete also be the same mass of wiie inter- 
secting the lines, but, as a conductor, the first 
wire htM in respect of diameter, only one-fourth 
the conducting power of the second; and then, 
to increase the obstruction, it is four times as 
long. Six direct revolutions gave an average re- 
sult of 20^.6, and six reverse revolutions 19^.7; 
the mean is 2(r.l5, and the proportion per rev- 
ohitkm 3^.36. With the other rectangle having 
equal area and mass, but a single wire (3203), 
titierasult per involution was7’.26; being above, 
ibcMi^ near upCn twice as much as in &e pres- 
ent ease. Hence for such an excellent conduclr 
ing gslvanometer as that described (3123, 
S178), the moving wire had better be as one 
irini^ thick wire rather than as many convolu- 
tfam of a thin one. If it be, under all variations 
of oimimstanoes, the same wire for .the same 
area, then, of ooutse, two or more convolutions 
are better than one. 


1 sin Shi 8r.2«.2837848 

^fi*fijP«-,0779288. The square 12 l&dbes side, of 
0.95 in diameter, gave lor six revolutioiis (3196, 
8197) •0227067 Se sin 4 A for one revolutioii. A like 
sqitsve of wire 0.10 in diameter gave for five revolu- 
tlOfiB C3021) * J i a t|Zli .^,0645i42$asgte I Aforone 
rSnd utlon. A like aquare of wire 0.20 in diameter 
gm .0779338aisln AAlcroeerevolutioii. 
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8907. It was to be e^tootol, however# tbat 
the thin wise reotani^ would produce a 
rent (d more wtefuniy thw that in tiie tin A 
wire, thour^ less in quantity ; and to prove this 
point experimmitaliy, I connected the two reo« 
tangles in succession with Rhumkorff’s griva^ 
nometer (3086), having wire only l-135th of an 
inch in diameter. That of the single thick wire 
now gave only 1®.66 of swing for twelve revo- 
lutions of the rectangle, or 0^.138 per revedu- 
tion; whilst the other of four convolutions of 
thin wire gave for twelve revolutions r’.SS, or 
(f .61 per revolution. Now the needles of the 
two instruments were not very different in 
weight and other circumstances, so that with- 
out pretendklg to an accurate compariton, we 
may still perceive an immense falling-off on both 
cases, due to the obstruction of the fine Wire in 
the Hhumkorff’s galvanometer; for the thick 
wire it is from 7*’.26 to 0^.138, and for tne thin 
wire from 3^.36 to O^’.filO. Still the thin wiW rec- 
tangle has lost far less proportionately in pow- 
er than the other; and by this galvanometer is 
above four times greater in effect than the rec- 
tangle of thicker wire. Of the thick wire effect 
less than a fiftieth passes the fine wiie galva- 
nometer, all the rest is stopped; of the fine wire 
effect more than ten times this proportion, or 
between a fourth and a fifth (because of the 
higher intensity of the current), surmountii the 
ol^truction presented by the instrument. The 
quantity of electricity which really passes 
through the fine wiie galvanometer is of course 
far less than in the proportion indicated above* 
The thick wire coil makes at the utmost four 
convolutions about the needles, whereas in the 
fine wire coil there are probably four hundred 
or more; so that the electricity which really 
travels forward as a current, is probably not a 
hundredth part of that which would be required 
to give an equal deflection in the thick wire gal- 
vanometer. Such a circuxnstance does not dis- 
turb the conriderations with respect to the rela- 
tive intensity of the magneto-etectric currento 
from the two rectangles, which have been stat- 
ed above. 

3208. A large square was now constructed of 
copper wire ^.2 of an inch in diameter. The 
square was 36 inches in the side, and therefore 
consisted of 12 feet of wire, and inclosed an area 
of 9 square feet; it was attached to the mxh 
mutator by expedients, which, thoughsuificieitt 
for the present, were not accurate in the ad*- 
justments. It produced a fine effect upon the 
thick wire galvtuiometor (3178); for one 
tatiM eau 3 «d a swing (Mection of 80^ or 
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tisic|me08| WB9 esspb^ wil^ 
mitio force as before; at gave aa the average ^ 
ail revolutik>ii8 maay times repeated 5^.995, or 
0^099 per revolution. For twelve revolutions it 
gave a mean of 12^.376 or per revolu- 
tion;^ the mean of the two results with such dif- 
ferent numbeie of revolutions being 1^. Another 
ring, consisting of 26 convolutions of copper 
wire 0.04 of an inch in diameter, was construct- 
ed and had a mean diameter of 3.6 or 3.7 inch- 
es ; it contained 300 indies in length of wire. So 
the masses of the metal in the two rings are 
nearly the same, but the latter wire is sin^y 
only l-25th of the mass of the former. It gave 
for twelve revolutions a mean of 6®.26, or 0?*.52 
per revolution. With the earth’s power and the 
thick wire galvanometer, it gave therefore little 
more than half the result of the single thick 
wire ring. We know from former considerations 
(3206), that if the 300 inches had been made 
into one single ring, it would have given a very 
high effect compared to the present. 

3213. The application of the principle of the 
moving wire in the form of a revolving reo 
tangle, makes the investigation of conducting 
power, and the results pr^uced by difference 
in the nature of the mthdance, or in diameter, 
i,6., moMt or in length, very easy; and the ob- 
struction offered by those parts, which moving 
not across butparallel to thelinesofforce(3071), 
have no exciting action but perform the part of 
conductors merely, might be greatly removed 
by making them massive. They might be made 
to shift upon the axle so as to bear adjustment 
for different lengths of wires, and the com- 
mutator might in fact be made to a large ex- 
tent a general instrument. 

3214. In looking forward to further applica- 
tions of the prindple of the moving wire, it 
does not seem at all unlikely that by increased 
delicacy and perfection of the instrument, by 
incm^ vdocity, by continued motion for a 
time in one direction and then reversal of the 
revolution with the reversal of the direction of 
the swing, Ac*, it may be applied with advan- 
tage heritor to tiie investi^tion of the earth’s 
magnetic force in different latitudes and places. 
To obtain the maximum effect, the axis of ro- 
tation must be perpendicular to the lines of 
force, Le., the dip. It would even be possible to 
seardx for the direction oi the lines of force, or 

dip, by making the aads of rotation variable 

»sia - tin 69^86 

tin e^.rnra - tin a» ivm 


shout the line of dip, adjusti^it in two direc- 
tions until there was no action at the galva- 
nometer, and then observing the position of 
the axis; a double commutator would be re** 
quired corresponding to the lines of adjust- 
ment, but that is an instrument of very simple 
construction. 

I 36. On Ue Amount and General Diepoettion 
of the Forces of a Magnet when Aesoeiated 
with Other Magnets 

3215. Prior to further progress in the experi- 

mental development by a moving wire of the 
disposition of the lines of magnetic force per- 
taining to a magnet, or of the physical nature 
of this power and its possible mode of action at 
a distance, it became quite essential ro know 
what change, if any, took place in the Wount 
of force posiKSsed by a perfect magnet, when 
subjected to other magnets in favourable or ad- 
verse positions; and how the forces combined 
together,or weredisposedof, i.e., generally, and 
in relation to the principle already assert- 
ed and I think proved, that the power is in 
every case definite under those different con- 
ditions. The representation of the magnetic 
power by lines of force (3074), and the employ- 
ment of the moving wire as a test of the force 
(3076), will I think assist much in this investi- 
gation. i 

3216. For such a purpose an ordinary mag- 
net is a very irregular and imperfect source of 
power. It not only, when magnetised to a given 
degree, is apt by slight drcumstances to have 
its magnetic power diminished or exalted, in a 
manner which may be considered for the time, 
permanent; but if placed in adverse or favour- 
able relations to other magnets, frequently ad- 
mits of a considerable temporary diminution 
or increase of its power exter^y, which change 
disappears as soon as it is removed from t^ 
neii^boriiood of the dominant magnet. These 
changes produce corresponding ^ects upon 
the moving wire, and they render any magnet 
subject to them unfit for investigation in rela- 
tion to definite power. Unchangeable magnets 
are, therefore, required, and these are best ob- 
tained, as is well known, by selecting good steel 
for the bars, and then mal^ them exceeding- 
ly hard; I therefore procured some plates ot 
thin st^ twelve in^es long and one inch 
broad, and making them as hard as 1 could, 

.0522025 
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^rwards magnetised them very oarefoQy 
and regularly, by two powerful sted bar-mag- 
nets, shook them together in different and ad- 
verse positions for a little while, and then ex- 
amined the direction of the forces by iron fil- 
ings. Small cracks and irregularities were in 
this way detected in several of them; but two 
which were very regular in the disposition of 
their forces were selected for further experi- 
ment, and may be distinguished as the subject- 
ed magnets D and E. 

8217. These two magnets were examined by 
the moving loop precisely in the manner before 
described (3133) i.e., by passing the loop over 
one of the poles, ob^rving the swing, remov- 
ing it, and again observing the swing and tak- 
ing an average of many results; the process 
was perform^ over both poles at different 
times. The loop contained 7.25 inches in length 
of copper wire 0.1 of an inch in diameter, and 
was of course employed in all the following 
comparative experiments; the distance of the 
loop and magnets from the galvanometer was 
9 feet. For one passage over the pole either on 
or off, i.e., for one intersection of the lines of 
force of the magnet D, the galvanometer de- 
flection was 8°.36. For one intersection of the 
lines of force of the other bar E, the deflection 
was 8*’.78. The two bars were then placed 
side by side with like poles together, and 
afterwards used as one magnet; their conjoined 
power was 16^.3, being only 0^.84 less than 
the sum of the powers of the two when es- 
timated separatdy. This indicates that the 
component magnets do affect, and in this pos- 
ition reduce, each other somewhat; but it also 
shows how small the effect is as compared 
with ordinary magnets (3222). 

3218. The compound magnet D E (3217) was 
now subjected to the close action of another 
magnet, sometimes under adverse, and at other 
times under favourable conditions; and was 
examined by the loop as to the sum of its pow- 
er (not the Erection) tmder these circumstanc- 
es. For this purpose it was fixed, and another 
magnet A brought near, and at times in con- 
tact with it, in the positions indicated by the 
Figwre 8; the loop in each case being applied 
many times to D E, that a correct aven^ of 
its power might be procured. The dominant 
magnet A was mudi the stronger of the two, 
having the power indicated by a swing defiec- 
<ionof25^74. 

3219. When the relative positibn of the mag- 
lietB was as at 1, then the power of D E was 
18^.87; when as at 2, thepowcar wius 16®.4; when 


as at 3, it was 18^.75 ; and when as at 4, it was 
IT'.IS. All these positioins are such as would 
tend to nose, by induction, the power of the 
magnet D E, and they do raise it above its fir^ 
value, which was 16^.3; but it is seen at once 

nw 


A 



Fig. 8 

how little the first and second positions elevate 
it; and even the third, which presents the most 
favourable conditions, only increases the 
power 2^.45, which falls again in the fourth 
position. 

3220. Then the dominant magnet A was 
placed in the same positions, but with the ends 


reversed, so ae to exert an adverse or depress- 
ing influence: and now tiie results with D E 

were as follows: 


Position 1 

15®.37 

Position 2 

15®.68 

Positions 

15^37 

Pontion4 

16®.06 


All these are a little below the original 
force of D E, or 16^.3, as th^ ou|^t to bS, 
and show how slightly this hard bar-magnet is 
affected. 

3221. A soft iron bar, now applied in the first, 
second and third positions instead of the mag- 
net A, raised D E to the following values 14* 
spectively, 16®.24, 16®.43, and 18^ 

3222. Vi^en an ordinary bar-magnet was em- 

ployed instead of the hard magnet D E, greaft 
changes took place. Thus a bar B, oorresp(«i4- 
ing to bar A in ease and g^eral character, Was 
employed in place of the hard magnet Alone, 
B had a power of 14*^.83, but when associated 
adversely witih A, as in portion 3 (3218), iifS 
power fell to r.87, b^ reduced neaify 004^ 
haff . This loss was diiefly due to a ^ 

temally, and not to a pcsmanent destruction 
of the state of magnet B; fm: when A weto 
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tmmedf B rose again to 18”.06. When B waa 
bid lot a few momente favourably on A and 
then removed, it was found that the btter had 
been raised to a permanent external action of 
15®.26. 

3223. A very hard sted bar 6 inches long, 0*S 
broad and 0.1 in thickness, given to me by Dr. 
Scoresby, was magnetized and then found, by 
the use of the loop, to have a value at my gal* 
vanometer of 6”.^ (3189). It was submitted in 
position 2 to a compound bar-magnet like D E, 
having a power of 11^.73, or almost twice its 
own force, but whether in the adverse or the 
favourable position, its power was not sensibly 
altered. When submitt^ in like manner to a 
12-inch bar-magnet having a force of 40^.21, it 
was raised to 7^.53, or lowered to 5®.87, but 
here the dominant magnet had nearly six times 
the power of the one affected. 

The variability of soft steel magnets, 
Iboth in respect to thdr absolute degree of exci* 
tation or charge, and also of the disposition of 
the force externally and internally, when their 
degree of excitation may for the time be con- 
sidered as the same, is made very manifest by 
this mode of examination; and the results agree 
well with our former knowledge in this respect. 
It is equally manifest that hard and invariable 
magnets are requisite for a correct and close in- 
vestigation of the disposition and characters of 
tihe magnetic force. A common soft bar-magnet 
may be considered as an assemblage of hard 
end soft parts, disposed in a manner utterly 
uncertain; of which some parts take a much 
hi^er charge than others, and change less un- 
der the influence of external magnets; whilst, 
because of the presence of other parts within, 
acting as the Imper or submagnet, they may 
aeem to undergo far greater changes than they 
really do. Hence the value of these hard and 
comparatively unchangeable magnets which 
Scoresby describes. 

3225. From these and such results, it appears 
to me, that with perfect, unchangeable mag- 
nets, and using the term Kne offarea as a mere 
lepresentant of the force as before defined 
(^1, 3072), the fdCbwing useful conclusions 
may Indrawn. 

S2I26* Lines of force of different magnets in 
favourable portions to each other coalesce. 

3227* There is no increase of the total force 
0f the lines fay this coalescence; the section be- 
tween the two associated poles ^ves the same 
' somof power as that of the section of the lines 
f theinvariaUetnagnetwhenitisalo (3217). 
' |Ji4er these mrcumsi^ 


doubt that the external and internal forces of 
the same magnet have the same relation and 
areequivalent to eadi other, as wasdetennined 
in a former part of these (3117); 

and that therefore the equatorial section, which 
represents the sum of forces or lines of forces 
passing through the magnet, remains also un- 
chang^ (3232). 

3228. In this case the analogy with two or 
more voltaic batteries associated end to end in 
one circuit is perfect. Probably some effect, 
correspondent to irdensUy in the case of the 
batteries, will be found to exist amongst the 
magnets. 

3229. The increase of power upon a magnetic 
needle, or f^iece of soft iron plac^ between two 
opposite, Pourable poles, is causedl by con- 
centration upon it of the lines whicn before 
were diffused, and not by the addition of the 
power represented by the lines of force of one 
pole to that of the lines of force of thA other, 
lliere is no more power represented by all 
the fines of force than before; and a line of 
force is not more powerful because it coalesces 
with a line of force of another magnet. In this 
respect the analogy with the voltaic pile is also 
perfect. 

3230. A line of magnetic force being con- 
sidered as a closed circuit (3117), passes in its 
course through hath the magnets, which are for 
the time placed so as to act on each other 
favourably, i.e., whose lines coincide and coa- 
lesce. Coalescence is not the addition of one 
line of force to another in power ^ but their union 
in one common circuit. 

3231. A line of force may pass through many 
magnets before its circuit is complete; and these 
many magnets coincide as a case with that of a 
single magnet. If a thin bar-magnet 12 inches 
long be examined by filings (3235), it wifi be 
found to present the well-known b^utiful sys- 
tem of forces, perfectly simple in its arrange- 
ment. If it be broken in half, without being 
separated, and again examined, the manner in 
which, from the destruction of the continuity, 
the transmission of the force at the equator is 
interfered with, and xnany of the lines, which 
before were within are made to appear exteiH 
nally there, is at once evident (PlJSyI,Fv.d). 
Of those lines, which thus become exteinal, 
some return back to the pole which is nearest 
to the new place, at whic^ the lines issue into 
the air, making &eir circuit through only one 
of the halves of the magnet; whilst others pro- 
ceed onward by paths more or lees curved into 
the second half of the magnet, keefdng genes- 
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ally iinb direction or polarity which £b«y had 
whilst within the magnet, and complete their 
circuit through the two. Gradually separating 
Uie two halves, and continuing to examine tlw 
course of the lines of force, it is beautiful to ob« 
serve how more and more of the lines which is- 
sue from the two new terminations, turn back 
to the original extremities of the bar (PL XVI, 
Fig. 7) and how the portion which makes a com- 
mon circuit through the two halves diminish- 
es, until the halves are entirely removed from 
each other’s influence, and then become two 
separate and mdependent magnets. The same 
process may be repeated until there are many 
magnets in place of one. 

3232. All this time the amount of lines of 
force is the same if the fragments of the bar 
preserve their full state of magnetism; i.e. the 
sum of lines of force in the equator of either of 
the new magnets is equal to the sum of lines of 
force in the equator of the original unbroken 
bar. I took a steel bar 12 inches long, 1 inch 
broad and 0.05 of an inch thick, made it very 
hard, and magnetized it to saturation by the 
use of soft iron cores and a helix; its power was 
6^.9. I broke it into two pieces nearly in the 
middle, and found the power of these respec- 
tively 5^.94 and 5^.89; indicating a fall not 
more than was to be expected considering the 
saturated state of the original magnet. When 
these halves were placed side by side, with like 
poles together as a compound magnet, they 
had a joint power of 11^.06, which, though it 
shows a mutual quelling influence, is not much 
below the sum of their powers ascertained sep- 
arately. All this is in perfect harmony with the 
voltaic battery, where lines of dynamic electric 
force are concerned. If, as is well known, we 
separate a battery of 20 pair of plates into two 
batteries of 10 pair, or 4 battles of 6 pair, 
each of the smaller batteries can supply aa 
much dynamic electricity as the ori^nal bat- 
tery, provided no sensible obstruction be 
thrown into the course of the lines, i.6. the 
patii of the current. 

3233. When magnets are placed in an adverse 
position, as neither could add power to the 
qtiier in the former case, so now each retains 
its own power; and the lines of magnetic force 
represent this eondition accurately. Two mag- 
nets placed end to end with like poles together 
are in this rdatioa; so also are they if placed 
vrith like poles together side by side. In tiie lat- 
ter oa£« the two aetmg as one compound mag- 
net^ idve e system of Unes of force equal to the 

^aom of the two separately (8282)| minus the 


portion whioh^ as in fmisarfeet mapeels, k ei- 
ther directed inwards the softer parts mr 
ceases to be excited attcgether. 

§ 37. DeUmatbm cf Linee ef Uagn^ Faroe 
by Iron FUinge 

3234. It would be a yohmtary and unneces- 
sary abandonment of most valuable aid, If an 
experimentalist, who chooses to consider mag- 
netic power as represented by lines of mag- 
netic force, were to deny himself the use of iron 
filings. By their employment he may make 
many conditions of the power, even in compU- 
cated cases, virible to the eye at once; may 
trace the varying direction of the lines of force 
and determine the relative polarity; may o1^ 
serve in which direction the power is increasing 
or diminishing; and in complex systems may 
determine the neutral pointo or places where 
there is neither polarity nor power, even when 
they occur in the midst of powerful magnets. 
By their use probable results may be seen at 
once, and many a valuable suggestion gained 
for future leading experiments. 

3235. Nothing is simpler than to lay a mag- 
net upon a table, place a fiat piece of paper over 
it, and then sprinkling iron filings on the paper, 
to observe the forms they assume. Neverthe- 
less, to obtain the best and most generally use^ 
ful results, a few particular instructions may 
be desirable. The table on which the magnet te 
laid should be quite horizontal and steady. 
Means should be taken, by the use of thb 
boards or laths, or otherwise, to block up round 
the magnet, so that the paper which is laid 
over it should be level. Tlie paper should be 
without any codde or bend, and perfectly flat, 
that the filings may be free to assume the po- 
sition which the magnet tends to give them. I 
have foimd well-ma^ cartridge or thin draw- 
ing-paper good for the purpose. It should not 
be too smooth hi ordinary cases, or the filings, 
when sillily agitated, move too freely to- 
wards the m^et With very weak or distant 
magnets I have found silvered pap^ smuo- 
times useful. Thefflingsshould be clean, i.e.fre0 
from much dirt or oidde; the latter forms the 
lines but does not ^ve g^ delineaticmB. iRie 
filings should be distributed over the paptr 
means of a sieve more or less fine, th^ quan- 
tity bring partly a matter of taste. It is to he 
remembered, however, that the fitings itiiltmh 
in some degm the conditions of the mnjEtketie 
power wheie they are present, and that in the 
case of small magnets, as needles, a large pro- 
portion of them ^ould be avoided, toixge and 
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tiie object h to pr^rvd the fonne obtained. 
For the distribution of the it ie better to 

use a fine sieve with the ordinary filings than 
to separate the filings fiUst: a better distribu- 
tion on the paper is obtained. The filings being 
sifted evenly on the paper, the latter should be 
tapped very lightly by a small piece of wood, 
as a pen-holder; the taps being applied wher- 
ever the particles are not sufficiently arranged. 
The taps must be petpendicularly downwa^, 
not obhqudy, so that the particles, whilst they 
have the liberty of motion, for an instant are 
not driven out of their places, and the paper 
should be held down firmly at one comer, so as 
not to shift ri^t or left; the lines are instantiy 
formed, especially with fine filings. 

3236. The designs thus obtained may be fixed 
in the following manner, and then form very 
icaluable records of the deposition of the forces 
in any given case. By turning up two comers 
of the paper on which the filings rest, they may 
be used as handles to raise the paper upwarck 
from the magnet, to be deposited on a flat 
board or other p We surface. A solution of one 
part of gum in three or four of water hav- 
ing been prepared, a coat of this is to be ap- 
piW equably by a broad camei-hair pencil, to 
a piece of cartridge paper, so as to make it 
fahiy wet, but not to float it, and after waft- 
ing it throu^ the air once or twice to break 
the bubbles, it is to be laid carefully over the 
filings, then covered with ten or twdve folds ol 
equable soft paper, a board placed over the 
paper, and a hal^hundred weight on the board 
for thirty or forty seconds. Or else, and for large 
designs it is a better process, whilst the papers 
me held so that they shall not shift on each 
other, the hand should be ai^lied so as to mb 
wttb moderate pressure over ell the surface 
eqiuaMy and in one direction. If, after that, the 
paiper taken up, ail the filinp will be foimd 
to adhere to it with very Uttte injury to the 
forma of tibO lines delmeated; and when dry 
they are firmly fixed. If a little solution of the 
red ^errcpusriate of potassannd a small pro- 
parjim |[rf tartaric l^Ai be added to the gum- 
watort ayrilow tint is given to the paper, which 
is not unpleasant; but berides that, pruasian 
bine ialoiWd under every particle of iron; and 
tW the filings are purposely or others 
iilW<Wlaoed,1hede8^ etiU reinains record- 
((4, WlW ihe derigns are to be preserved in 
the gain may be diqiensed with 
I An red achiticm only be 


forms give no hidicatbn by their appearance 
of the relative Strength of the mag^S force 
at di&ermit places, inasmuch as (he appeamnSe 
of the lines depends greatly upcm the quantity 
of filings and the amount of tapping; but tte 
direction and forms of the lines are well given, 
and these indicate, in a considerable degree, 
the direction in which the forces increase and 
diminish. 

3238. PI. XVI, Fig. f , shows the fotmS as- 
sumed about a bar-magnet. On using a Wle 
electro-magnet and varying the strength of the 
current passed through it, I could not find that 
a variatiop jh the strength of the jnagpet pro- 
duced any alteration in the forms of the fines 
of force external to it. Fig. ^ shows me lines 
over a pole, and Fig. S those between contrary 
poles. The latter accord with the magnetic 
curves, as determined and described ^ Dr. 
Roget and others, with the assumption the 
poles as centres of force. The difference between 
them and those belonging to a continuous mag- 
net, shown in Fig. 1, is evident. Figs. 5 show 
the lines product by short magnets. In the 
latter case the magnet was a sW disc about 
one inch in diameter and 0.05 in thickness. Fig^ 
6 shows the result when a bar-magnet is broken 
in half, but not separated. Fig, 7 shows thfe de- 
velopment of the lines externally at the two 
new ends as the halves are more and more sep- 
arated (3231). Fig^. 3 , 9 and 10 present the re- 
sults, with the two halves or new magnets in 
different positions. Figs. 11, IS, IS and 14 
show the results with disc magnets. Fig. IS 
shows the condition of a system of magnetic 
forces when it is inclosed by a larger one, and 
is contrary to it. Fig. 16 shows the coalescence 
of the lines of force (3226) when the magnets 
are so placed that the polarities are in accord- 
ance. 

323B. PI. XVT, Fig. 17 exhibits the lines of 
force round a verticid wire carr^dng a current 
of dectrioity. Whether the wire was thick or 
thin app«UH^ to make no ffifferenoe as to the 
intenrity of the forces, the current remaining 
theeame. Fig. f^represeixts the lines round two 
like currents when within mutual infiuetice. 
Fig. 19 shows the result when a third current 
is introduced in the contrary direction Fig. $6 
poesents the trondtion to a helix of threb cou« 
vcdutions. Fig. Si indicates the directkm st ibe 
lines within dud outride the end of a tyttndri- 
cal hdix, on a plane thnnigh its aatto Pig^ fit 
pinseiits the ell^ wbon a vety 

^ film Kifillv., 
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Iui\^ adapted in rdation to atmospbe^ ou^ ored in the type globe of ood^ air £9868^ 
netiain and ^ generd cauae of the dailj^ vari' 2874). Both nickel and oxygen are paramag* 
atioiis, &o. (1^64, 2917). A hemiaphete of pure netic bodiea, and change in the aame dindtm 
idekel printed to me by Dr. Percy waa sup- by heating and cooling; and aa tire period of 
ported with its flat face uppennostt and a li^ change with oxygen extends through degrees 
ring arranged round it to carry paper, which, above and below common temperature (2861), 
resting both on the ring and the nickel, could so inflections of the lines of force pasting 
^en have irmr filings sprinkled and arranged tiuough the atmosphere, clorreepondent to 
in form on it. The end of a bar-magnet in the those of the heating and coding nickel, miiaf 
came horisontal i^e was adjusted about 2 take place to some extent. It is seen in 
inches from the nickel, and thus the forms of nickel resulte that lines of force entirdy out- 
the lines of force associated with this pole could side of it do not for that reason continue aa un- 
be determined over the place of the nickel deviating course, but are curved to and fitt in 
hemisphere, under different circumstances, or consequence of the dispotition of other 1»W 
even vdien it was removed. When the nickel within the nickel; a result which, witbmt rtd^ 
was away, the forms of the lines of force were erence to either one view or anotiier of tiie 
as in Pigi. SS; when the nickel was there, they phjrticti action of the magnetic force, must 
were as in Fig. S4. The application of a spirit- be as true in the oxygen case as in the nitiml 
lamp to the nickel when in its place, raised its case, because of the definite character of ^e 
temperaturetosuchadegree(above600‘’Fahr.) magnetic force, whelher represented by oen- 
that it lost its ordinary magnetic condition; tres of action or by lines of power, 
and then the forms of the lines of force, as 8242. Whether &e amount of the deflection 
shown by filings, were the same as if the nickti in the ^ase of the atmosphere corresponds with 
was away. Removing the lamp, I was able to the facts registered by observers, is a questibp 
obtiun the disposition of filings on successive which cannot be answered, I suppose, until 
pieces of paper, and as many as four results, we know the effect of very bw t^peratures 
like Fig. iS, could be procured before the upon the magnetic foice of the atmosphere, 
temperature had sunk so much as to cause In the nickel experiment the deflection is 
the production of fines of force correspondmg to in places 30* or 40*; m nature the effect to 
Fig. be accounted for is not more than 13 or 14 

^1. These are exactly the same results with minutes, 
nickel as those I have assumed for the oxygen 

of the atmosphere. The change in the forms of Fagd IruHtutum, December 20, 1851 

Papers on ElectricUiy from the Quarterly Journal 
of Science, Philoaophical Magazine, <9e. 

On Some Neva Electro-Magn^iical Motiotu ofgiosite opinions that ore entertained on it. I 
and on the Theory of Magnetism^ am induced in consequence to puUish tiiis ao* 

In maldag mi experiment the beginnii^ of count of them, in the hope they will astist in 
last wedc, to ascertain the petition of the mag- making this important toaoeh of knowledge 
netic needle to the connecting wire of a vtittiic more neariy perfect, 
a^fiaratus, I was led into a series which appear The ^qiaratus used was that invented fay 
to me to give some new views of tiectro-mag- Dr. Hare of Philadtiphia, and called by lum a 
Bstieatition, and of magnetism altogether; and caloiimotpr; it is in fact a sing^ pair of laege 
to render more cfistinct and clear ti^ already plates, eatii having its power htighteoed fay 
tat^o. After ^e great men who liaye already the isdufatioin of oti;«e, ocinMqtt(titiy.h& im 
tiyiarimedted on tim subject, I tiionld have felt potitionsai«linotionsoftheneedles,pfdeeidbCjA 
^btfui that anything I ooqld do ocfuld be araopporitetetiiosep^ueedbyanapiince^ 
pye’ or potiinesaa interest, but that the nxperi- of sev^ tflatte; for, if a euimt be impipDm 

iimtetedintometoreconcfieoonsiderai|[)|ythe to exist in the connecting wire of a hattcsy 

^ tQmtAnki/eornei«faei»nc$,xa,74^ from tite tine to the copper* it wfll be in eaw 





Eixcmcm , m 


mneeted pair of plates from the 0 ^ 
lino; aad the wire 1 have used is that eotmeo- 
tioa betwe^ the two plates of one pair. In the 
diagrams 1 may have occasion to subjoin^ the 
ends of a connecting wire, marked Z and C, are 
eonnected with the zinc and copper-plates re« 
q>ectiveiy; the sections are all borizontat and 
seen from above, and the arrow-beads have 
been used sometimes to mark the pole ol a 
needle or magnet which points to the northt 
and sometimes to mark the direction of mo^ 
lion; no difficulty can occur in ascertaining to 
which of those uses any particular head is 
applied. 

On placing the wire perpendicularly, and 
bringing a needle towards it to ascertain the 
attractive and repulsive positions with regard 
to the wire; instead of finding these to be four, 
one attractive and one repulsive for each 
pole, I found them to be eight, two attractive 
and two repulsive for each pole; thus allowing 
the needle to take its natural position across 
the wire, which is exactly opposite to that 
pointed out by Oersted for the reason before 
mentioned, and then drawing the support away 
from the wire slowly, so as to bring the nor& 
pole, for instance, nearer to it, there is attrac- 
tion, as is to be expected; but on continuing to 
make the end of the needle come nearer to the 
wire, repulsion takes place, though the wire still 
be on ^e same side of the needle. If the wire 
be on the other side of the same pole of the 
needle, it will repel it when opposite to most 
parts between the centre of motion and the 
end; but there is a small portion at the end 
where it attracts it. PI. XVII, Fig. i, shows the 
positions of attraction for tiie north and south 
poles, Fig. 2 the positions of repulsion. 

S the wire be made to approach perpendic- 
ularly towards one pole of the needle, the pole 
will pass off on one side, in that direction which 
the attraction and repulsion at the extreme 
point of the pole would give; but, if the wire be 
continually made to approach the centre of 
motion^ by father the one or other side of the 
tiie tendency to move in the formed di- 
rection duninishes; it then becomes null, and 
the needle is quite indffierent to the wire, and 
ultimately the motion is reversed, and the 
needle powerfully endeavours to pass the 
Site way. 

It is evident from this that the centre of the 
active portion of either limb ol the needle, or 
the true pde^ as it may be called, is not at the 
eiAMnity of the needle, but may be 

%poiht generally in the axto of the neeffie, 


at some fittiedistaiw from theendi It wasovi^ 
dent, alao« that this point had a tendency to 
revolve round the wire, and neoessaiily , thcee* 
fore, the wire round the point; and as the same 
effects in the opposite direction took plm with 
the other pole, it was evident that each peto 
bad the power of acting on the wire by it^, 
and not as any part of the needle, or as eon* 
nested with t^ opposite pole. 

By attending to PL XVII, Fig. 9, which rep- 
resents sections of the wire in its different po^ 
tiooB to the needle, all this will be plaiD; the 
active poles are represented by two dots, and 
the arrow-heads show the tendency of the wire 
in its positions to go round these poles. 

Several important conclusions flow from 
these facts; such as that there is no attraction 
between the wire and either pole of a magnet; 
that the wire ought to revolve round a mag- 
netic pole and a magnetic pole round the wire; 
that both attraction and repulsion of connect- 
ing wires, and probably magnets, are cona- 
pound actions; that true magnetic poles are 
centres of action induced by the whole bar, Ac., 
&c. Such of these as I have been aUe to con- 
firm by experiment, shall be stated, with their 
proofs. 

The revolution of the wire and the pole round 
each other being the first important thing re- 
quired to prove the nature of the force mutual* 
ly exerted by them, various means were tried 
to succeed in producing it. The difficulty con- 
sisted in making a susp^sion of part of the 
wire sufficiently delicate for the motion, and 
yet affording sufficient mass of matter for con- 
tact. This was overcome in the following man^ 
ner: A piece of brass wire had a small buttdi 
of silver soldered onto its end,a little cup was 
hollowed in the silver, and the metal bting 
amalgamated, it would then retain a drop ^ 
mercury in it, though placed upside down foe 
an upper centre of motion; lor a lower centre^n 
similar cup was made of copper, into which n 
little memiry was put; this was placed in a jag 
of water under the former centre. A piece of 
copper wire was then bent into the form of a 
cra3^ its ends amalgamated, and thediAanceS 
being anmnged, they were placed in the eupt* 
To prevent too mti^ friction from tin wei^ 
of the wire on the lower (mp, it had been peseed 
throned a onfkduiy adjusted hi anse, andtiest 
bring putiuMi dkmn on the Wire 
tim water, thafrietioii beeaxba veiy UttlSiaiiid 
thairifaWslymob^ ge«^ 'coatacML 

Tlwplatcb bring then connected with tiri two 
cups, the appamtus was completni Sn iUi 
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stated* tttacoMie pote bdag bnmijbt to tin eei^ 
tMsat atolioPaf the onak, thewiniimiM^^ 
imrie w effort to levolve uotil it atrodt tite 
nttipiet, end that bung mtndly brought round 
to toe otoer ride, the trite again made a tevb- 
hritoot living evidence that it would have gcme 
rouDd eontinuaUy but fw toe extenrion of the 
megnet cm the outride. To do away wito this 
impediment, the wire and lower mebd cup were 
removed, and a de^ barin of mercury placed 
beneato; at toe bottcun of this was a i»eoe of 
teax, and a emril round bar magnet was stadt 
npric^t in it, so that one prie was about half or 
toree>fouirtos of an ituto above the surface of 
toe mercury, and directly under the eriver cup. 
Astraii^tpieceof copper wire, hmg enough to 
teato from the cup, and dip about half an mch 
into the mercury, had its ends amalgamated, 
and a small round piece of cork fixed on to one 
-of toem to make it more buoyant; this being 
dipped in toe mercury dose b^de toe magnet, 
toe otoer end placed tmder toe little cup, 
toe wire remained upright, for toe adhesion of 
toe cork to the magnet was sufiBrient for that 
purpose, and yet at its lower end had freedom 
of morion romid the pole. The connection be* 
ing now made from toe pistes to the upper cup, 
and to toe mercury below, the wire immediate- 
ly began to revolve round the pde of toe mag- 
net, and cantinued to do so as long as toe con- 
neodon was continued. 

When it was wished to give a large diameter 
to rite drcle described by the wire, toe cOik 
eras removed from the magnet, and a little 
loop of platinum passed tou]^ the magnet and 
wire, to prevent toem from separating too far. 
Bavdhirion again took tdace on making the 
soonection, bat inore ebwly as the distance in- 
SMBSed. 

Hie diieetioa in vritito the wire moved was 
iMBbHwUag to the way in W'hidi the conneerions 
mnf made, and to the magnerie pole brougdtt 
into astioa. Whmt tiie ujqier part tS rite wbe 
waa eonneeted with tba rine, and the lower 
trito rite copper fdate, rite motkxr round the 
ma rii and aoteto poba of a magnet wore aa at 
PL XVn, Fif». 4 and B, looking from itoove; 
whan the connaetiona wwe reversed, the mo- 
riaerwam in the oppodifee direction- 

On btiaii^ the magnerie pole fiom the 
haotto of maittmito toasoide iff tin wire^ there 
WM ttitoiiclioii 0 Qr rapuhioii;; but ih6 
li^elndeBVoaied to i^aaa off in a obrie, ariS 
iHvfaff the pito far ito otobe, and that aitotr 
hpriw^oae ride to toa oritof,MM»Kfiiig to tbe 
airitolaw- r 


When toe prie waa wtoe coMrieofitoe 
wire, the riire aaoved in h dfaootom direotiy 
contrary to that taken nhoi the prie wto in 
the inaide ; but it did not anve fitf, toe endewv- 
out was 8^ to go round rite pole as a eantre^ 
and it only mov^ rill riiat poi^ and toe pow- 
er which retained it in a eirde about its own 
axk were equipeued. 

IheneKtobjeotwastomaketltemagnetie* 
vrive round toe wire. This was done by so loadr 
ing one prie of toe small magnet wito plarintoa 
that rite magnet would float upright in a baain 
of mercury, with the other pole above ita aur- 
face; then connecting the mercury wito tme 
plate an^ bringing a wire from toe othra per- 
pendicularly into it in another part pear the 
floating magnet; toe npper pole immediatriy 
began to revolve round the wire, whilst tbs 
lower pole bring removed aiway auaen no in- 
terference or counteracting effect. \ 

The motions were again according^ toe 
pole and the connectibns. When toe uppa part 
of the wire was in contact with the sine plate, 
and toe lower with toe copper, the direction of 
the curve described fay the north and south 
poles was as in PI. XVII, Figs. 6 and 7. When 
the connections werereversed, the motions ware 
in toe opposite directions. 

Having succeeded thus far, I endeavoujred to 
make a wire and a magnet revolve on their own 
axis by preventing the rotation in a rirele 
round them, but have not been aUe to get the 
riightest uufleations that such can be the ease; 
nor ^es it, on oonrideration, appear piobaUe, 
The motiims evidently belong to the currwit, 
or whatever else it be, that is passing thiouito 
the wire, and not to the wire itself, except as 
toe vriiicle of the current. When that cunent 
is made a curve by tire form of toe wire, it is 
easy to conceive how, in revrivinj^ it i^nld 
take riie wire with it; but when wire is 
strught, the cuirent may revolve wiriioat any 
motion bring oommuideated to the wisf 
through whito it passes. 

M. Amptre has shoam that two similar ecait 
nesting wires, by whirii is meant, having eav- 
lenta in the aame directom riin»|^ riaM» 
attrari earir itoer, and rimt two wirea baviaig 
eiineata in oppa^ dweetnma riito«|^ tiiMi» 
lepri eadb otom, riut atriietion andscpoIlkNi 
taidng plaoe in rig^t linea between riMxm Iboil 
the attrictkiQ of rise nnrto pole nf a lUriria 
im dne side toe wire, and of the acrito an ton 
otoer, and the lepidrion of rite priat an tlii 
cqnmrite ridaa, Or. WrikudoB eaffiri iiii iNito 
Birim liifffjpsffltt, i f rt d aoaaahNrii ffari ilnB. 
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Im npfad&Ml tjj^ODliilw MP* 
portion of aiideelio>xm4pietie«ttnfM 
muod axis of tiie ooojuaotttoxiiM, ibi.di* 
xeetion dciMHK}i>« upoii of the doetrie 
wmoBUk, and csiuldti^ nortli and apufh pow- 
er! on oi^oeite sidw. It k, indeed, an a»- 
oertained fast, tiiat ^ eonnecting lue 
different powers at its opposite sidesjor rather, 
Saeh poww eontinues all round the wire, the 
direction being the same, and hooee it is evir 
dent that tiie attractions and repulsions of 
M. Ampere’s wires are not simple, but oonr- 
plicated results. 

A timple case which may be taken of mag- 
netic motion is the drde described by the wire 
or ihe pole round each other. If a wire be made 
into a helix, as M. Amptre describes, tiie ar- 
rangement is such tiiat all the vertiginous mag- 
netism, as Dr. Wollaston has named it, of the 
one kind, or one side of the wire, is conoenr 
trated in the axis of the hehx, whilst the oon- 
tesry kind is very much diffus^, i.e., the power 
exerted by a great length of wire to inake a 
pole pass one way roui^ it, all tends to carry 
that pole to a particular spot, whilst the oiq>o- 
nts power is diffused and much weaken^ in 
ite action on any one pole. Hence the power an 
oaa tide of the wire is very much concentrat- 
ed, and its particular effects biou^t out strong- 
ly, whilst toat on the other is rendered insen- 
siUe. A means is thus obtained of sepmwting, as 
it were, ihe one power from the other; Imt 
adien is done, and we examine the end of 
the helix, it is found very much to reeemble a 
ms^ietie pole; the power is concentrated at 
the extremity of the htiix; it attracts or repels 
one pole in all directions; and I find that it 
causes the revolution of the coniMeting wire 
round it, just as a magnetic pole does. Hence 
it may, for the present, be oontidered identical 
with a magpaetio pde; and I tiiink that the ex- 
perimental evidence of the ensuing pages will 
miwb sttengtimi that opinion. 

Assuming, tiien, that the ptie of amagnetie 
HMtile presents us with the properties of onC 
S^ cf tlw wire, the phenomena it presetits 
wif^ the ytin itetif offer us a means of antily- 
gls, which, probably, if well pursued, wiU pve 
tip A nmsh mors intimate knowtedgs of the 
ilgts the powm Active in magnets. When it 
M pbe^ near the wire, abrays aapuming the 
Mhw to he oomifieted with the bettery, it is 
niKb ip levolve round it, pasting 

by wHtii 'it k attmcted, and &otn thi^ 
lido ly itiUsh it i* thp pti* is si 
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bdt th» powers iwiag Item <ypotito Sidan 
the wire, the pele in Its donUe effort to raosdic 
from (me aide and a|yM«sii the otiier lemflsse 
in the eirtie, that drde facing evidently decid- 
ed by the particular pole and etate of ^ wh% 
and deducible horn the law before mention^ 
Ihe phmumieDa presented by tiie iq^road- 
mation of one p(de to two or more wires, or two 
poles to one or more wires, offer many lustra- 
tions of this douUe action, and wiU lead to 
more oorrect views of tiie magnet These ex- 
periments are easily made by hnufing a needte 
with platinum at one pole, tiudi the otimrmay 
float above mercury, or by almost floating « 
small magnetic needle by eork in a batia tif 
water, at the bottom of which is somemarowy 
with which to connect the wires. In desetibiuf 
tiiem I shall refrain bom entering into all thair 
variations, or pursuing them to such oontiu- 
tions as are not directiy important 
Two similar wires, Ampire has shown, at- 
tract eadi other; and Sir H. Dmry has diowa 
that the filings adhoring to them attract bom 
one to another on the <«■»«* tide. Ih^ ate la 
that position in which the north and soutt 
influence of tiie different wires attiact each 
otiier. They seem also to neutmlise each ether 
in tiie parts that face, for the magnetie pcfle is 
quite inactive between them, but if put (floss 
together, it moves round tiie outside of b(^ 
cbculating round them as round one wire, and 
thtilr influences being in the same directien, 
the greatest effect is found to be at the farther 
outtide surfaoee of the wires. If several tint- 
ilar wires be put togetim, aide by tide like a 
rtiibon, tiie result is the same, and the nM(fii 
revolves round them all; tiie Internal wiMS 
appear to loee part of theb fcffoe, whieh k 
eanied on towai^ the extreme wire in oppo- 
site dsreotioni^ so thattheffoatingpoiekae- 
otieratcd in its motion as it passes ^ the edges 
that they form. If, In fflaoflof a ribton of par- 
aUti wires, a dip of at^ be used, tiie effsM'is 
tim same, and t^ edges act as if they contsiasd 
in a oononitmted state tiie power tiuife ba> 
longpsd to tiie iimar portion of the sOp. fis tiril 
way we pikeuro the means of remov|a& s» It 
wars, in titat direelton, tha two aides «f ffiMk 
WIN from eadi other. ' 

U taro wima in ojycitite states be ansagMd 
pBiailri to each (riher, and tiie pde be bMN^ 
near tiiem, it vdll einulato rouad sMbto «l 
them to (fliedkoes to the ladr kid 
tto wiiM bam opposite (mtieats, k tosm III 
cppoiitodiwetioMioiindtimtsro^na l^^ 
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aquidtstaait from tfaeoif tha pole b impelled in 
e line poipendicular to the line whieh 
loine them, either receding or approaching; 
and if it approaches, passing between and then 
receding; hence it exUltirts the curious appear* 
anee of firat being attracted by the two wires, 
and afterwards repelled (PL XVII, Pig. 8). If 
the connection wi& both wires be inverted, or 
if the pole be changed, the line it describes is in 
the opposite direction. If these two opposite 
currents be made by bending a piece of silked 
wire parallel to itself, Fig. P, it, when con*- 
neeted with the apparatus, becomes a curious 
magnet; with the north pole, for instance, it 
attracts powerfully on one side at the line be- 
tween the two currents, but repels strongly to 
the right or left; whilst on the other side the 
line rq^ the north pole, but attracts it strong^ 
igr to the right or left. With the south pole the 
^attractions and repulsions are reversed* 

When both poles of the needle were allowed 
to come into action on the wire or wires, the 
effects were in accordance with those described. 
When a magnetic needle was floated on water, 
and the perpendicular wire brought towards it, 
the needle turned round more or less, until it 
took a direction perpendicular to, and across 
the wire, the poles being in such positions that 
dither of them alone would revolve round the 
wire in a cdrole proceeding by the side to which 
it had gone, according to the law before stated. 
The needle then approaches to the wire, its 
centre (not either pole) going in a direct line 
towards it. If the wire be then lifted up and 
put down the other side of the needle, the 
needle passes on in the same line receding from 
the wire, so that the wiro seems here to be both 
attractive and repulsive of the needle. This ef- 
fect will be readily understood from PL XVII, 
Fig. Wt where the poles and direction of the 
wire are not marked, because they are the same 
m before. If either be revemed, the others re^ 
verse themselves. The experiment is analogous 
to the one described above; there the pole 
passed between two dissimilar wires, here the 
wire between two dissimilar poles. 

If two dissimilar wires be uj^, and the mag* 
net have both poles active, it is repelled, tum^ 
iKtond, or is attracted in various trays, until it 
settles across between the two wires; all its 
motkms being easily rsfiucible to those hn- 
tiMnsed) on the pdes by the wires, both trims 
and both poles being active in giving that pen 
Then if it happens not to be midway 
hetween the two, or «they>ere not of equal 
it gees elowly towards ooe thwn, 


and acts with it just aa theringla wire of the 
paragraph. 

H. XVH, FHge. it and 18 exbiUt more dis- 
tinctly the direction of the forces which influ- 
ence the poles in passing between two dissim- 
ilar wires: Fig, li, when the pole draws up be- 
tween the wires; Fig. 18, the pole thrown out 
from between them. The poles and state of the 
wire are not marked, because the diagrams il- 
lustrate the attraction and repulsion of both 
poles; for any particular pole, the connection of 
the wires must be accor^ngly. 

If one of the poles be brought purposdy near 
either wire in the position in which it appears 
to attract most strongly, still if freedom of mo- 
tion be gi'^en by a little tapping, the needle will 
slip along till it stands midway across the wire. 

A beautiful little apparatus has b^n made 
by M. de la Rive to whom I am indebted for 
one of them, consisting of a small voltmc com- 
bination floating by a cork; the ends of the 
httle zinc and copper slips come through the 
cork, and are connected above by a piece of 
silked wire which has been wrapped four or 
five times round a cylinder, and the wires tied 
together with a silk thread so as to form a close 
helix about one inch in diameter. When placed 
on acidulated water it is very obedient to the 
magnet and serves admirably to transfe^m, as 
it were, the experiments with straight wires 
that have been mentioned, to the similar ones 
made with helices. Thus, if a magnet be brought 
near it and level with its axis, the apparatus 
will recede or turn round until that side of the 
curve next to the nearest pole is the side at- 
tracted by it. It will then approach the pole, 
pass it, recede from it until it gains the middle 
of the magnet, where it will rest like an equa- 
tor round it, its motions and position being still 
the same as those before pointed out (PL XVII, 
Fig. IS). If brought near either pole it will still 
return to the centre; and if purposely placed in 
the opposite direction at the centre of the mag- 
net, it will pass off by either pole to which it 
happens to be Rarest, being apparently first 
attracted by the pole and afterwards repelled, 
as is actually the case; will, if any dreumstanoe 
disturbs its perpendicularity to the magnet, 
turn half way round; and will then pass on to 
the magnet again, into the position first de- 
scribed. If, instead of passing the magnet 
through the curve, it be held over it, it standi 
in a plane perpendicular to the magnet, but in 
an opposite direction to the former one. 9o 
that a magnet, both within and without this 
curve, eaussi it to dixeot. 
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When the poles of the maipiet eve bioiii^ 
ofver this floating eurve^ there are some move* 
ments and poedticmB whioh at first appear anom^ 
alous, but are by a little attention easily te- 
duciUe to the droular movement of the wire 
about the pole. I do not think it necessary to 
state them particularly. 

The attractive and repulsive positions of this 
curve may be seen by Fig. IS, the curve in the 
two dott^ positions is attracted by the poles 
near them. If the positions be reversed, re- 
pulsion takes place. 

From the central situation of the magnet in 
these experiments, it may be concluded that a 
strong and powerful curve or helix would sus- 
pend a powerful needle in its centre. By mak- 
ing a needle almost float on water and putting 
the helix over a glass tube, this result has in 
part been obtained. 

In all these magnetic movements between 
wires and poles, those which resemble attrac- 
tion and repulsion, that is to say those which 
took place in right lines, required at least either 
two poles and a wire, or two wires and a pole; 
for such as appear to exist between the wire and 
mther pole of the battery are deceptive and may 
be resolved into the circular motion. It has been 
allowed, I believe, by all who have experixnented 
on these phenomena, that the similar powers re- 
pel and the dissimilar powers attract each other; 
and that, whether they exist in the poles of the 
magnets or in the opposite sides of conducting 
wires. This being ad^tted, the simplest cases of 
magnetic action will be those exerted by the 
poles of helices, for, as they offer the magnetic 
states of the opposite sides of the wire inde- 
pendent, or nearly so, one of the other, we are 
enabled by them to bring into action two of 
those powers only, to the exclusion of the rest; 
and, from experiment it appears that when the 
powers are shnilar, repulsion takes place, and 
when dissimilar, attraction; so that two cases of 
repulsion and one of attraction are produced by 
the combination of these magnetic powers.^ 

The next cases of magnetic motion, in the 
order of rimplidty, are those where three pow- 
ers are concerned, or those produced by a pole 
and a wire. These are the circular motions da* 
scribed in the early part of this paper. They re- 
solve themselves into two; a north pole and the 
wire round each o^er, and a south ippiB and 
the wire round each other. The law which gov- 
erns these motions has been stated. 

» this 18 perhaps not siriotly true, ^oaum. thpo^ 
jj ^o ^posite powers are weakened, they remain 


Then follow the aetiowi between two wires: 
these when similaily eleeirified attract as H. 
Amptee has dmwn; for then Ihe oppositSMbs 
are towaids each olher, and the four pawcsS all 
combine to draw the currents together, fcnwi- 
mg a double attraction; but when the wires are 
dissimilar they repel, because, then on both 
sides of ihe wire the same powers are opposed^ 
and cause a double repulsion* 

The motionB that result from the action of 
two dissimilar poles and a wire next follow: the 
wire endeavours to describe opposite circles 
round the poles; consequently it is carried in a 
line passing through the central part d the 
needle in which they are situated. If the wive 
is on the side on which the circles close togeth- 
er, it is attracted; if on the opposite side, frmn 
whence the circles open, it isr^^ed (PL XVII, 
Fig. 10). 

The motions of a pole with two wires are al- 
most the same as the last; when the wires ate 
dissimilar, the pole endeavours to fcum two 
opposite circles about the wires; when it m 
on that side of the wires on which the circles 
meet, it is attracted; when on the nde on 
which they open, it is repelled (PI. XVII, 
Figs. S, 11, IS). 

Finally, the motion between two poles and 
two dissimilar wires, is an insfonoe wheroseveral 
powers combine to produce an effect. 

M. Amp^, whilst reasoning on the dis- 
oovery of M. Oersted, was led to the adoption 
of a theory, by which he endeavoured to ao* 
count for ^e properties of magnets, by the ex- 
istence of concentric currents of electririty in 
them, arranged rotmd the axis of the magnet. 
In support of this theory, he first formed the 
spiral or helix wire, in which currents could be 
made to pass nearly perpendicular to, and 
round the axis of a cylinder. The ends ot sueh 
helices were found when connected with the 
voltaie apparatus to be in opposite magnetic 
states, azid to present the appearance of pdes^ 
Whilst pursuing the mutual action of poles and 
wires, and tracing out the circular movements^ 
it seemed to me that much infonnatten re** 
specting the competency of this theory might 
be gain^ lErom an attempt to tmoe the 
of the helix, and eomparo it with that of the 
magnet more rigorously than had yet bean 
done; and to form artificial dectttHniigtHdi% 
and analyse natural ones. In doing thk, I ttiw 
I have so fisr succeeded as to trace ai 

an eleotro^ihagnetic pole, either in atlsantSng 
or repeUing, to the drookting motfon before 
describedi* 
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amd a magaatk pole be allowed to oirealato 
lettad tlie middle of it» desorifamg a drde of e 
UMe fern tliaai one inch in diameter, it will be 
mo^wito equal force in all parte of the drcsle 
(Pt XVII, Fig. 14 ) ; bend then the wire into a 
droie, leaving that part round ndiioh the pole 
eevdvea perpendicularly undisturbed, as seen 
by the dotM lines, and make it a condition 
that the pole be restrained from moving out 
of the circle by a radius. It will Immediately 
be evideht that the wire now acts very diffetv 
ently on the pole in the different parte of the 
eircle it deacribes. Every part of it will be ao4 
Urn at the same time on the pole, to make it 
move throuj^ the cmitre of the wire ring, 
wfaibt as it passes away from that pomtion the 
powers diverge from it, and it is either removed 
from their action or submitted to opposing 
hues, until on its arriving at the opposite part 
of ibB droie it is urged by a very small portion 
indeed ot those wUch moved it before. As it 
oontinues to go round, its motion is accelerate 
ed, the forces rapidly gather together on it, until 
H again reaches tte centre of the wire ring 
where they are at their hipest, and afterwardis 
diminhh as before. Thus the pole is perpetual* 
br arged in a circle, but with powers constantly 

If tiie win ring be oonowved to be ooeupied 
bgr n pfame, then tiie eentie of that plane is the 
apot'wlieie the powers are most active on tite 
pole, and move it with most force. Now tins 
qwt k actually the pole of this ma^aeric i^)- 
paratoa. It seems to have powers over tiie cir* 
cvdaring pole, maldng it approadi or attracting 
itnn tte oneeide, and nuddngit recede or re* 
pcttiag it on ttw other, with powers varying as 
tibediriBiMe; but its powas are only apparent, 
fbr the focoB k in the ring, and this q>ot is mere* 
ly where they are moet accumu l a t ed; 

iuA fboogh it seems to have oppoote powers, 
IWWBi^ time of attiacting and rqrelling; yet 
fids k merely a eimrequenee of its situation in 
ti» eirrie> fhe taotkm being uniform in its lU- 
reotioi^ and mtily and truly mqiressed on the 
ptit by its motor, the wire. 

4* pact 7M k was tii 0 «D that two or tw)» 
ibiikr wins put fogetiunr in a line, acted as 
the power bring, as if ware, aocnmidated 
teireiik tire extreme wiim, hy a sped 
dllMtfioli tiiem ril; at 

tkprai ww aotfced (he wirnilft. ease of 
%|ia(lf ef mefri ooanee^kg tiwends of the apr 
tie iMiwtm iN^ 

i| f|(p ed|M. If, than, a s<^ of oOBofaitio 


rings he pkeed cm iasifo tin other, tiiey Itiv* 
ing the eiectrio etureut sent throu^ tiksn in 
the same dinntian; 6f if, wldoh k the same 
thing, a flat cpiml of riUted wire peering kom 
the centre to ^ rireoBalhreneo be fiHin^ end 
its ends be in oonnseUon with the battery 
XVII, Fig. IS), then the rirde of revriutkai 
would s^ be as in 14, pasring through the 

centre of the rings or spiral, but the power 
would be very much increased. Sudi a qifaal, 
when made, beautifully ilhistratss thk fact; it 
takes up an enormous quantity of iron Slintp, 
which approach to the form of cones, so strong 
k the action at the centre; and its aotkm on 
the needfeity the different sides, k edidnentiy 
powerful. ( 

If in place of putting ring within r^ tbty 
be plao^ side by side, so as to form a cylinder, 
or if a hriix be made, then the same sand of 
neutialisation takes place in the intermediate 
vrires, and accumulated effect in the emmme 
ones, as before. The line which the pole would 
now travel, supposing the inner end of the re* 
dius to move over the inner and outer surface 
of the cylinder, would be through tire axk of 
the cylinder round the edge to one ride, back 
up that side, and round to &e axk, down wfairii 
it would go, as before. In this case the force 
would probaUy be greatest at the two ex* 
tremes of the axk of the cylinder, and least at 
the middle dktance on the outride. 

Now conrider the internal space of the cyl- 
inder filled up rings or ril having tire 

currents in the same direction; the direction 
and kind of force would be the same, but very 
murii strengthened: it would exist in the strong- 
est degree down the axk of the mass, because 
of tire ciroular form, and it vrouid have the two 
sides of the point in the centre of the rimpk 
ting, which seemed to possess attractive and re. 
pulrive powers on the prie removed to the ends 
of tile eylinder; giving rise to two prints, ap. 
parentiy distinct in tiieir aetkm, one bri^ 
attractive, and tiie othm rqxdsivB, of the poks 
of a magnet. N ovr oooerive that the pole k not 
confined to a motion about the sides of the 
ling, ortiie fiat epical, or cylindsr; itk evident 
that if pikesd in tiie aids of any of than gtw 
proper ristaare foe actic»^k, beiisg iiniKikd by 
two or men pofwmio aquri i^wks, wnmA 
k a Am in the intenaetioii of tispsa ribv 
das, and afipwuh ^fiiectly to or reostto Icont^ 
the points befoto sfnkea of,gMng 
aaoa of a direct attraction ropulrion: mi 
if j^«i^ ^,hf ^ ttk, ft 
wards or from tiia esae tyot in a CMitwilwtt 
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«im Him nfHKfwnitiag 
tii» iKMtiinw of wire foming th« eedo tbe 
oyiiiider, apiMl, or ling, aod the streagth. of 
those fovoee. 

Thus the {^enonaena of a helix, or a soQd 
Ojr&ukr of q)iral silked wire, are reduced to 
the shaple revdution of tiie magnetic pete 
round tihe connecting wire of tiie battery, and 
its reeemUance, to a magnet is so great, &at 
the strongest presumption arises in tiie mind 
that they both owe th^ powers, as hi. Asqrkte 
haa stat^, to the same cause. Filings of inm 
quinJded on paper hdd over this cyUnder, ar* 
ranged tiiflmsdves in curved lines pasting ^m 
one end to tiie other, showing the path tibe 
pOte would foUow, and so they do over a mag- 
net; the ends attract and repti as do those <A a 
magnet; and in almost every point do they 
agree. The following experiments will illustrate 
a^ confirm the truth of these rmnarks on the 
action of the ring, htiixf or cylinder; and wiU 
show in what thtir actions agree with, and dif- 
fer (for there are diffmrences) from, t^ action 

a magnet 

A am^ magnet bting nearly floated in water 
by ccok, a ring of tilked copper wire (Pi. XVII, 
Fig, Id),havingit8end8conneoted with tbe bat- 
tery, was brou^t near its poles in diSerent po- 
sitions; sometimes tiie pole was repelled from, 
sometimes attracted into, the ring, according 
to the position of the pole, and the connections 
with the battmy. If the wire happened to be 
onxisite to the pole, the pole paas^ sideways 
and outwards when it was repelled, and tide- 
ways and inwards when it was attracted; and 
onentering within the ringand pasting throufd^ 

it moved stdeways in the opposite (tirection, 
snteavouring to go round tiie wire. The actions 
also present^ 1^ M. de la Hive's ring are ao- 
tions of this kind, aod indeed are those which 
best filustrate the relations between the ring 
anti the pole; some of them have been men- 
tknad, and if referred to, will be found to as* 
Qord with the statement ^ven. 

"WA a fiat spirti the magnetic power was 
very mneh inerelued; and when the iingB wsra 
SM>t ewitiimad to tbe oeotre, the power of the 
lUMT edge ovsr the outer was well shown titiwr 
by tbs PW of a needle, or iron ^ga Witit tiM 
latter tM appearaaee ms extieniety faaa^ 
iMiuitruetiva; whan laid fiat i^n a hekp oi 
tlwtsti they mssAged themadves in lii^ 
Inbitewaih Ites iteg psiaUti to its axait and 
llteMditakupon side as rsdU 


SButsd, HTfflWyj dhs bsupsihltii a pels issubl 
imiwdsscsibed rouiiti tbssidssDf thaxin^ 
tiirm tfiags ^tiiitii wsm in the axis of tim ibwii 
stood up in pmpsndiouler filamente, half an 
hush long and so as to tom an actual axis to 
the ring, toiding ntitoer one way nor tiie othsii 
but according in thtir form and anrangesosad 
with what has been described; whilst tim httor* 
merfiste portion also formed lotag threads, 
bending this way and that bom m centrn> 
mare or lees, according as they were fartiuw 
from, or nearer to it. 

With a htiix the phenomena were intmeab* 
ing, because according to the view given of tim 
attractions and repulsions, that is of the mo- 
ticHW toward and from tiie ends, some conciMp 
sions should follow, that if fomul to be iitosin 
fact, and to hold also with magnets, wotdd go 
tor to prove the identity of the two. Thus ^ 
end which seems to attract a certain pole on 
the outside, ought to repel it as if it were on the 
intide, and that which seems to repel it on the 
outside, ought to appear to attract it on tbe in* 
side; i.e., that as the motions cm the intide end 
outside are in different directions for tiie same 
pole, it would move in the one case to andtin 
the other case from the same end of thehefix* 
Some idienomena of this kind have beoa de- 
Bcribed in exphdning PI. XVII, Pip*. 8, tl, itf 
and /S; otfaem are as follows. 

A helix of siiked copper wire wal made round 
a glaas tube, the tube bting about an inch to 
diameter ; the hefix was about three inehee long, 
A magnetic needle nearly as kmg eras floated 
virith cork, so aa to move about in watw with 
tiie digbtest impulse. The htiix being oonaeebt 
ed with the apparatus and put into the watto 
in whitii the imedie lay, its ands appeared to 
attract aiul repti the pties of the needle ao* 
eordittg to the laws before mentioned- But, if 
that ^ which attracted one of the poles of 
theneedlevrasbiuugditneartlmtpotoiteeilMaidi 
tiw ^ase tube, but did not stop just withto 
tide in the ne^bfrouiliood of thb pole (m wd 
may cafi it for tiio mmnent) of the heimc,'‘beA 
paji^ ito the tube, drawing the whole neew 
in, and went to tiw oigwtito pole the he^ 
<w the one whtoh on the outtide wtiild haveiw- 
pelied it; on trying the other pole <ff ^ mig« 
net with ita eorreilgiouding eito orpotoufiiipi 
htiix the same effect took iteee; ltet.fr|totl|i 
pote entered tltotnlto and paowd to tb|, (| lh p t 
end, taUng tto wbtie needle into the eaikie po* 

iiwtt s«i wBff Hi Doiorov ^ ' 

aadrepMo^p(il«<ffihe]Mi^;btotiW^ 
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oady mtiu^ ^oo&iiieqpittice of the droulfttiiig 
motim befefo experimentally demanstrated, 
and each jpde would have gone through the 
helix and imnd on the outside, but for the 
eouateraotion of the opposite pole. It has been 
stated that the poles circulate in opposite di- 
nettons round the wires, and they would cozh 
sequenriy circulate in opposite directions 
though and round the helix; when, therefore, 
one e^ of the helix was near that pole, which 
would, according to the law stated, enter it and 
endeavour to go through, it would enter, and 
it would continue its course until the other 
pole, at first at a distance, would be brought 
witl]^ action of the helix; and, when they were 
both equally within the helix and consequently 
equally acted on, their tendency to go in differ- 
ent directions would counterbalance each other, 
and the needle would remain motionless. If it 
"were possible to separate the two poles from 
each other, they would dart out of each end of 
the helix, being apparently repelled by those 
parts that b^ore seemed to attract them, as is 
evid^t from the first and many other experi- 
ments. 

' By reversing the needle and placing it pur- 
posely in the helix in that position, the poles of 
the zwedle and the corresponding poles of the 
bdix as they attract on the outside, aie brought 
together on the inside, but both pairs now seem 
to repel; and, whichever end of the helix the 
needle happens to be nearest to, it will be 
thrown out at. This motion may be seen to ex- 
hibit in its passing state, attraction between 
similar poles, since the inner and active pole is 
drawn towards that end on the inside, by which 
it is thrown off on the outside.^ 

llieBe experiments may be made with the 
siiigia curve of M. de la Rive, in which case it 
is the wire that moves and not the magnet; but 
as the motions are redprocal, they may be 
readily anticipated. 

A plate of copper was bent nearly into a cyl- 
kudetf and its ^ges made to dip into two por- 
tions ol mercury; when placed in a current it 
noted exactly as a hdix. 

A solid cylinder of diked wire was made ex- 
actly in fasUon like a helix, but tiuit one lengtii 
of the wire served as the axis, and the foldswere 
repeated over and over again. This as well as 
tbefoniierhdlx, had pdes tile sa^ 
speet as to kind as ^ north and south pdm 



of a magnet; they took up filmgs, thqy made 
the connecting wire revolve, they attracted 
and repelled in four parallel podtions as is de- 
scribed of common magnets in the first pages 
of this paper, and filings sprinkled on paper 
over them, formed curves from one to the 
other as with magnets; these lines indicating 
the direction in which a north or south pole 
would move about them. 

Now with respect to the accordance which 
is found between the appearances of a hClix or 
cylinder when in the voltaic circuit, and a cyl- 
indrical common magnet, or even a regulair 
square bar magnet; it is so great, as at first to 
leave little doubt, thsit whatever it is ihat caus- 
es the properties of the one, also Causes the 
properties of the other, for the one m^ be sub- 
stituted for the other in, I believe, every mag- 
netical experiment; and, in the bar m^et, dl 
the effects on a single pole or filings, Ac., agree 
with the notion of a circulation, which if the 
magnet were not solid would pass through its 
centre, and back on the outside. 

The following, however, are differences be- 
tween the appearances of a magnet and those 
of a helix or cylinder: one pole of a magnet at- 
tracts the opposite pole of a magnetic needle in 
all directions and positions; but when the helix 
is held alongside the needle nearly parallel to 
it, and with opposite poles together, so that 
attraction should take place, and then the 
helix is moved on so that the pole of the needle 
gradually comes nearer to the middle of the 
helix, repulsion generally takes place before 
the pole gets to the middle of the helix, and in 
a situation where with the magnet it would be 
attracted. This is probably occasioned by the 
want of continuity in the sides of the curves or 
elements of the helix, in consequence of whidi 
the unity of action which takes place in the 
rings into which a magnet may be considered 
to be divided is interfered with and disturbed^ 

Another difference is that the poles, or those 
spots to which the needle points when perpen- 
(Ucular to the ends or sides of a magnet or 
heUx, and where the motive power may be con- 
sider^ perhaps as most concentrate!^ are in 
the helix at the extremity of its axis, and not 
any distance in fiem the end; whilst in the meet 
regular magnets they ere almost always situate 
in the axis at some Stance in from ^ end ; a 
needle pointing peipendicularly towards the 
endof anaagnet isin aline with its axis, but per- 
pendicularly to the side,it pointsto ajipot some 
distance from the end, whilst in the helix, or 
eytinderi it still points to the end. This vaiie^ ^ 
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tion is» probably, to be attributed to the die* 
tribution of the exdtmg cauee of magnetism in 
the magnet and helix. In the latter, it is neces^ 
sarily uniform everywhere, inasmuch as the 
current of electricity is uniform. In the magnet 
it is probably more active in the middle than 
elsewhere; for as the north pole of a magnet 
brought near a south one increases its activity, 
and that the more as it is nearer, it is fair to in- 
fer that the similar parts which are actually 
united in the inner part of the bar have the 
same power. Thus a piece of soft iron put to 
one end of a horseshoe magnet, immediately 
moves the pole towards that end; but if it b^ 
then made to touch the other end also, the pole 
moves in theopposite direction, and isweakened; 
and it moves the farther, and is made weaker as 
the contact is more perfect. The presumption is 
that if it were complete, the two poles of the 
magnet would be diffused over the whole of its 
mass, the instrument ttiere exhibiting no at- 
tractive or repulsive powers. Hence it is not 
improbable that, caused by some induction, a 
greater accumulation of power may take place 
in the middle of the magnet than at the end, 
and may cause the poles to be inwards, rather 
than at the extremities. 

A third difference is that the similar poles of 
magnets, though they repel at most distances, 
yet when brought very near together, attract 
each other. This power is not strong, but I do 
not believe it is occasioned by the superior 
strength of one pole over the other, since the 
most equal magnets exert it, and since the poles 
as to their magnetism remain the same, and 
are able to take up as much, if not more, iron 
filings when together, as when separated, 
whereas opposite poles, when in contact, do 
not take up so much. With similar helix poles, 
this attraction does not take place. 

The attempts to make magnets resembling 
the helix and the flat spirals, have been very 
unsuccessful. A plate of steel was formed into a 
cylinder and magnetized, one end was north 
all round, the other south; but the outside and 
the inside had the same properties, and no pole 
of a needle would have gone up the axis and 
down the sides, as with the hdix, but would 
have stopped at the dissimilar pole of the 
needle. Hence it is certain that the rings of 
which the cylinder may be supposed to be 
formed are not in the same state as those of 
wMch the helix was composed. All attempts to 
magnetise a fiat circular plate of steel, so as to 
have one pole in the centre of one side, and the 
otitm pole in the centre of the opposite side, for 


the pu rpos e of Imitating the flat spiral ({1, 
XVII, Fig. 16) f failed; nothing but an irregular 
distribution of tne magnetism could be obh 
tained. 

M. Ampere is, I bdieve, undecided with re* 
gard to the size of the currents of riectridty 
that are assumed to exist in magnets, peip^ 
dicular to their axis. In one part of his memoirs 
they are said, I think, to be concentrio, but this 
cannot be the case with those of the cylinder 
magnet, except two be supposed in opposite di- 
rections, the one on the inside, the other on the 
outside surface. In another part, I believe, the 
opinion is advanced that they may be exceed- 
ingly small; and it is, perhaps, possible to ex- 
plain the cause of the most irregular magnet 
by theoretically bending such small currents in 
the direction required. 

In the previous attempt to explain some of 
the electro-magnetic motions, and to show the 
relation between electro and other magnets, I 
have not intended to adopt any theory of Ihe 
cause of magnetism, nor to oppose any. It ap- 
pears veiy probable tibat in the regular 
magnet, the steel, or iron, is in the same state 
as the coi^r wire of the helix magnet ; and per- 
haps, as M. Ampdre supports in his theory, by 
the same means, nomdy , currents of electricity ; 
but still other proofs are wanting of the pres- 
ence of a power like dectricity than the mag- 
netic effects only. With regard to the opposite 
sides of the connecting wire, and the powers 
emanating from them, I have merely spoken 
of them as two, to distinguish the one set of 
effects from the other. The high authority of 
Dr. Wollaston is attached to the opinion that a 
single dectro-magnetic current passing round 
the axis of the wire in a direction determined 
by the position of the voltaic poles, is suffident 
to explain all the phenomena. 

M. Ampere, who has been engaged so active- 
ly in this branch of natural philosophy, drew 
from his theory, the conclusion that a circular 
wire forming part of the connection between 
the poles of the battery, should be directed by 
the earth’s magnetism, and stand in a plime 
perpendiculair to the magnetic meridian and 
the dipping needle. This result was said to be 
actually obtained, but its accuracy has been 
questioned, both on theoretical and experi- 
ments groundk. Ae tibe magnet directs the wire 
when in form pf a curve, and the curveaneedh^ 
I endeavoured to repeat the experiment^ mid 
succeeded in the following manner. A yoltafo 
combination of two plates was formed; these 
were connected by a copper wire, bent into a 
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ivHb <a«te add, Sq^ 

Ot tiu) HRlMe of iraier. Beiagtheii,Mltoit^ 
■elf in A quiet etmospheire, the iastrunieBt ao 
anwgad iteelf that the oiuve wae in a plane 
perpendietdar to the magnetic meridian; when 
moved from tida poaition, either one vray or 
the othaTf it returned again; ii.i»d on axandning 
ihe ride of the curve towarda tiie north, it vaa 
found to be that, vriiirii, according to the law 
riidady Btated, would be attracted by a south 
pole. A. voltaic circle made in a silver eapauie, 
and mounted witii a curve, also product the 
same tSwt; aa did likewise, veiy readily, M. 
de la Rive’s small ting apparatus.* When placed 
on acidulated water, the gas libmated from the 
plates prevented its taking up a steady poBi> 
dhm; hut when put into a little floating cdl, 
made out of the nedr of a Florence the 
whole readily took the posiiion mentioned 
above, and even vilnsted slowly about it. 

As the strai^t connecting wire k directed 
by a mapet, Aere k every reason to believe 
it will act in the same way with the earib, 
and take a direction perpendicular to the mag- 
netic meridian. It also should act with the 
magnetic pole of the earth, as with the pole of 
a magnet, and endeavour to circulate round it. 
Theoretu^y, therefore, a horiaontal wire per- 
pmtdioular to tiie magnetic meridian, if con- 
nected first in one way with a voltaic battery, 
and then in the opposite way, should have its 
Wright altered; for in the one case it would 
tend to pass in a cirele downwards, and in the 
otiier upwards. Thk alteration ^ould take 
plaoe differently in different parts of the worid. 
The effect k actiu^y product by the pole of a 
magnet, but I have not succeeded in obtainiag 
it, employing only the polarity ot the earth. — 
Seph/nAer 11, 1821. 

]&$etromagiHtk BotaHan Appantiufi 

Sfoee the paper m the preceding pages has 
bean printed, I have had an apparatus made 
^’Mr. Newman, of Issle Street, for the revo* 
hitkms of the wire round the pole, and a pole 
Nuadtibe Wire. When Hare's calorimotar was 
eafoMwtlri witii it, tim wire revolved BO tri^hSy 
iiiwad ito prie that the eye couM scarcely fol* 
tawthaaotimi, and a ri^ gahnutid tiwqh, 
h a ntat t dBg tenpair of plates, of Dr. WoBaston’s 
oaitftneiMn, had power enough to move the 
irira skd tiie prie udth conriderriile ii|ddlty> 
ItrinriMeied a stiuiid, rib(Mt 3 foches by 


one sMril wUi# • l«iS» ilBar ifots nb^ 
inches Uih, end k then wmtinued hothm^^ 
ly by a oeiqriv r(rii<rvm ihe stand; at tfae^iiher 
^ (ri tiri stand a ooppsr idate k fixed with % 
wire fot eonununieatii^ Wought out to one 
side; in the mfodle k a rimilar iriate and a wim; 
tiieseaiw both fixed. A small lihallowgkeiciqt, , 
supported on a hrilow foot of glass hm a phte 
of metal eemented to the bottom, so as to close 
the imorture and form a econeotion with the 
plate on tire stand; the hollow foot k a soriorir 
into vriudb a mull cytindrioal bar magnet ean 
be {daced, so tiut tire ui^ pole shall be a little 
ab^ the edge of the (^; mercury k then 
poured in un^ the ghkss k neariy full; a tod d 
metri descends from the horiaontal aim pei^ 
pendiculariyoverthkeup;aUttieoaritykhflft- 
lowed at the end and amalgamated, and a pi^ 
of stiff eoppor wire k ako amalgamated, and 
j^aced in it as described in the p^ier, exc^ 
tiut it k attached by a piece of thread far tha 
maimer of a ligament, pasaing foom the end 
of the wire to thC iimer surhce of tiu onp; the 
lower end of the wire k amalgamated, end fow' 
nished with a muli roUer, whieh dips so as to 
be nnder the surface of the mercury in tbs eup 
beneath it. 

The other plate on the stand has also its eup, 
which k neariy ojdindrieal, a metal phr paasea 
through the bottom of it, to o«meot by eontMt 
witii ^ plate briow, and to the famer end of 
the {fin a snull round bar magnrii k attached 
at one pole by thread, so as to allow tire othei 
to be above the surface of the mercury whse 
thS cup k filled, and have foeedom Of moticm 
there; a thick wire descends from tiierod abcrvs 
peipendieulariy, so as to dip a little way kilo 
the meroOiy of ito mp ; it f oims the oomuctittg 
wire, and ^ pole ean move in any tHnotion 
rottiid it. When the connections am rnads vriifh 
the palm, arid rithtt of tbs wirea frrin ths stanid 
plates, the revthittiim <d the wine, or pole riiswk 
takas {dace; or if the wires be comueted wM 
the two ocsniiig horn tbs ptates, motko tekss 
pkbe far both cups at cmce, and in aec«dsiN|B 
with the law sk^ in the paper. Thk sfpfo 
ratas may be mush reduced in ak& and marie 
vary mmh moN (Wkste end aanrililw 

I 

ikiBrfoCke of wn ffbcfawritfcMnslfoal AWMh 

The acsosnt given in the likiMyeesa ettbs 
late Jswntel (ip. 147), of tbaiap|uwril|i kW lli ri' 
ed fo fihiskafkri of the iM|»te ki Iferi 
ti^»t»i*i«iiihn t|lsiiagi(liniit and linpkikiiliidliriNi 
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in giytBn in th^ praMti nusibnri prarattng ft 
sfteiibn of thftt ftppaifttun, ftftd ft idew ^ 
or ftppaifttiia, illuetifttive of ike motions of ibe 
itiift and tbe pole round each other. The larger 
^ipartttus is delineated (Fig. 1, PI. XVIIl) on a 
e^ df one fialf. It consists of tm glass ves- 
seiSi jdftoed side by side with thdr appendages. 
In wt on the left of the plate the motion it a 
magnetic pole round the connecting wire of the 
tdltaio battery is produced. That a cumnt of 
voltaic electricity may be established through 
tide eup» a hole is drilled at the bottom, and 
into this a copper pin is ground tight, which 
projects upwards a little way into the oup, and 
bdow is riveted to a small round plate of cop- 
per, forming part of the foot of the vessel. A 
sfenflar plate of copper is fixed to the turned 
wooden base on which the cup is intended to 
stand, and a piece of strong copper wire, which 

attached to it beneath, after proceeding 
downwards a little way, turns horizontally to 
the left hand, and forms one of the connections. 
The surfaces of these two plates intended to 
come together, are tinned and amalgamated, 
that they may remain longer clean and bright, 
and afford better contact. A small cylindrical 
and powerful magnet has one of its poles fas- 
tened to a piece of thread, which, at the other 
end, k attached to the copper pin at the bottom 
et the cup; and the height oi the magnet and 
length of tbe thread are so adjusted that when 
the cup is nearly filled trith clean mercury the 
free pole shall float almost upright on its sur- 
face. 

A small brass pillar rises from tbe stand be- 
hiiid the ^ass vessels: an ann comes forward 
from the top of it, suppoirting at its extremity a 
moss wire, which at the place on the left hand, 
where it is perpendieulariy over the cup just 
described, bends downwards, and is continued 
tin it just dips into the centre of the mereurial 
stirfree. The wire is diminished in size for a 
short distfttice above the surface of the mer* 
eery, and its lower extiemity amalgamated, for 
Ihe purpose of ensuring go^ contact; and sq 
alio is the copper pin at the bottom oftfae cup. 
Vfhm the pete of a voltaic apparatus are con- 
nected with tire brass pfllar, and with the lat- 
eral copper wire, the upper pole of the magnet 
imrnediateiy lolate 

into ftetttianairy; mid in one direction or the 
ftcecmdmgastfaeeonnee^ are made. 

The erftor vessel ii the form dehnsated in 
itiMi {date* The stem b hcdlcm ^ 
of behigfitte by ft pi^ 
tara in (te fiist vesseli ft smatt oc^p^ 


plaeed in it, and retained there by being fae» 
teried to aciioalar plate below, whiiAis eemenlh 
ed to tile fo^ so that no mmouiy shidl 
pass out it. This plate is tinned and amal* 
gamated on its lower surface, and stands on 
another plate and wire, just as in the former 
instance. A small circular bar magnet is placed 
in the socket, at any convenient height, and 
tiien mercury poured in tmtil it rises so high 
that nothing but the projecting pole of the mag- 
net is left above its surface at tbe centre. The 
forms and relative portions of the magnet, 
socket, plate, Ac., are seen in PI. XVIII, Fig. B. 

The cross wire supported by the brass pillar 
is also prolonged on the right hand, imtil over 
the cent^"' of the vessel just describefi; it then 
turns downwards and descends abouit half an 
inch: it has its lower extremity hollcrwed out 
into a cup, the inner surface of wfaiem is wdU 
amalgamated. A smaller piece of copW wire 
has a spherical head fixed on to it, o^such a 
dze that it may play in the cup in the manner 
of a ball and socket-joint, and being well amal- 
gamated, it, when in the cup, retains sufficient 
fluid mercury by capillary attraction to form 
an excellent contact with freedom of motion. 
The ball is prevented from falling out of the 
socket by a piece of fine thread, which, being 
fastened to it at the top, passes through a small 
hole at the summit of the cup, and is made fast 
on the outside of tbe thick wire. This is more 
minutely explained by PL XVIII, Figs. S and 
4 . The small wire is of such a length that it 
may dip a little way into the mercury, and its 
lower end is amalgamated. When the conneet- 
ions are so made with the pillar and right-hand 
wire, that the current of electricity shdl pass 
through this moveable wire, it immediatdy 
revohm round the pole of tbe magnet, in a di- 
rection dependent on the pole used, and the 
manner in which the connections are made. 

PI. XVIII, Fig. 6 is the delineation of a anftfl 
apparatus, the wire in which revolves rapidly, 
with very little voltaic power. It oonasts of a 
piece of glass tube, the bottom part of which iii 
closed by a cork, through which a small pteft 
of soft iron wire passes, so as to project above 
and bdow ths cork. A little mercury is then 
poured in, to fonn a diannd between the ixm 
wire and the glass tube. The upper oiiSsoe is 
also dosed by a cork, through wUob a piece of 
pfotmum wte passes whick is fonninal^ 
in by a loop; anotiier piece of wire hangs from 
tins by a loop, and its lower end, whidl ft 
very little t^y into the mercuryt being 
gamated, it k preserved from adneringcHher 
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to the iroa or tlie glaiML 
uate voltaic oombiiiatfon ia coiumted ^ 
upper and lower ends of this apparatus, ahd 
the pole of a magnet is placed in contact with 
the external end of the iron wire, the moveable 
wire within rapidly rotates round the magoet 
thus formed at the moment; and by changing 
ttther the connection, or the pcde of the magnet 
in contact with the iron, the direction of the 
motion itsdf is changed. 

The small apparatus in the |date is not drawn 
to any scale. It has been made so small as to 
produce rapid revolutions, by the action of two 
plates of zinc and copper, containing not more 
than a square inch of surface each. 

In place of the bail and socket-joint (PI. 
XVIII, Figs, S and 4) loops may be used : or the 
fixed wire may terminate in a small cup con- 
taining mercury, with its aperture upwards, 
and the moveable wire may be bent into the 
form of a hook, of which the extremity should 
be sharpened, and rest in the mercury on the 
bottom of the cup. 

Note on New Eledro--Magnetied Motioned 

At page 807 of this volume, I mentioned the 
expectation I entertained of making a wire 
through which a cut rent of voltaic electricity 
was passing, obey the magnetic poles of the 
earth in the way it does the poles of a bar mag- 
net. In the latter case it rotates, m the former 
I expected it would vary in weight; but the 
attempts I then made, to prove the existence 
of this action, failed. Since then I have been 
more successful, and the object of the present 
note is so far to complete that paper, as to show 
in what manner the rotative force of the wire 
round tiie terrestrial magnetic pole is exerted, 
and what the effects produced by it are. 

Considering the magnetic pole as a mere 
centre of action, the existence and position of 
wh!(^ may be determined by well-known 
means, it was shown by many experiments, in 
tihe paper, page 795, that the electro^magnetic 
wire would rotate round the pole, without any 
inference to the position of the axis joining it 
the opposite pole in the same bar; for 
ametimes the axis was horizontal, at other 
ttmes^vertical, whilst the rotation continued 
tine same. It was also chown that the wire, wh^ 
fnfliieneed by the pole, moved laterally, its 
tkarto describing droies in planes perpendicular 
neariy te the wire itsetf • Hence the witn, when 
confined to one point above, de- 
Mibed a cone in its revolution, but whsie bent 
/awnel ef Mmes, XU, 4Xe. 


into a craodc, it described Sr eyliiider; and the 
effect was evidently in ett eases foreaeh pdM 
the wire to describe a drole round the pde^ in a 
plane perpendicular to tixeeurrent of eleetraty 
through the wire. In dispenring with the msf* 
net, u^ to give these motions, and operating 
with the terrestrial magnetic pole, it was easy, 
by applying the information gained above, to 
deduce beforehand the direction the motions 
would probably take; for, assuming that the 
dipping-needle, if it does not point to the pde 
of the earth, points at least in the direction in 
whidh that pole is active, it is evident that a 
straight electro-magnetic wire, affected by the 
terrestrial as by an artificial pde, would move 
laterally at right angles to the needle; that is to 
say, it would endeavour to describe a cylinder 
round the pole, the radius of which may be rep- 
resented by the line of the needle prcdongod to 
the pole itself. As these cylinders, or rirdes, 
would be of immense magnitude, it was evident 
that only a very minute portion of them could 
be brought within reach of the experiment; 
still, however, that portion would be sufficient 
to indicate their existence, inasmuch as the mo- 
tions taking place in the part under oonsidenk 
tion, must be of the same kind, and in the Same 
direction, as in every other part. 

Reasoning thus, I presumed that an electro- 
magnetic wire should move laterally, or in a 
line perpendicular to the current of electridty 
passing through it, in a plane perpendicular to 
the dipping-needle; and the dip being here 7T 
30', t^t plane would form an angle with the 
horizon of 17*^ 30', measured on the magnetic 
meridian. This is not so far removed from the 
horizontal plane, but that I expected to gel mo* 
tions in the latter, and succeed in the follow^ 
ing manner: a piece of copper wire, about .(M5 
of an inch thick, and fourteen inches long, had 
an inch at each extremity hmt at right c^ee, 
in the same direction, ahd the ends amalgo* 
mated; the wire was then suspended horia^o 
tally, by a long silk thread from the ceiling. A 
basLx of dean pure mercury was placed under 
each extremity of the wire and raised usttil the 
ends {list dipped into the metal. The memity 
in both basins was oovmd aetietum of 
luted pure nitric add, whi<h dissolving aiQr 
film, allowed free motion. ThenOojBheetingtim 
xkemxy in one basin with one pole of Batb^e 
calorimotor, the instrument mentioned edge 
795, the moment the other pole Was connemd 
wttii theother bsdti, theeiiisgmded whw 
laterally eeross the besitis tffl it toudM (Jbi 
sidm: <m breaking the 





IfeowasaggiipiOTdttd^. Oa4inagintti» 
rition tiiA win, the effect stiU todc idMO ; and 
the diteotkm of the motion wee ehnqn the 
Wmo relative to the wire, or rather to the eur* 
rent paating throuf^ it, bdbg at rij^t angles to 
it. Tto the wire was east and west, the 
oast md to the aino, the west Md to tiie copper 
{date, the motion was towards the north; w^ 
the cmmectiona were reversed, the motion was 
Inwards the south. When the wire hung nortii 
and south, the north end to the zinc plate, the 
south end to the copper {date, the motion was 
towanhi tiie west; when the connexions were 
{reversed, towards the east; and the intermedia 
ate positions had thor motions in intermediate 
directioiu. 

The tendency, therefore, of the wire to re- 
volve in a ciicle round the pole of the earth, is 
, evident, and the direction of tire motion is pre- 
cisely the same as that pointed out in the tor- 
mer experiments. The ecperiment also points 
out the power which causes Ampere’s curve to 
traverse, and the way in which that power is 
exerted. The wellrknown experiment, made by 
M. Amidre, proves that a wire ring, made to 
conduct a current of dectrioity, if it be allowed 
to turn on a vertical axis, moves into a plane 
east and west of the magnetic meridian; if on 
an east and west horisontal axis, it moves into 
a plane perpendicular to the cUppIng-needle. 
Now if the curve be considered as a pdygon 
of an infinite number of sides, and each of these 
tides be compared in succession to the straight 
wire just described, it will be seen that the mo- 
tions givmt to them by the terrestrial pole, or 
potes, are such as wo^ necessarily bring (he 
{tolygcm they form into a plane peipendicular 
to timdippingmeedle; so that (he traverting of 
Itoe ring may be reduced to tiie simirfe rotation 
of the wire round a pole. It is true the whde 
OMpietiam of the earth is conoemed in produc- 
ing the affect, and not mertiy that portion 
which I have, fm the mmnent, supposed to re- 
qieot the aorto pole of the earth as its centre of 
action; but the effect is (he same, and produoed 
in the same mnaner; and the introdutiton of 
the ioffuenoe of the southfim hemisphere, only 
leodem tito reantit Miskvous to tim experiment 
at page 800, irimw trim 

flM of (hilt at page he., edbeie one pde 

only heetive*. 

Beridae the ehtiee proef of rotatitm round 

ptitnme As in thietoqiMaimmti of to* 

.Itriion found ilm {wto 


peipendieufaM' to hqt a «n«U porffon ef .tie 
w!i% andmoieor Isas oblique to thereat^ X ecsk' 
sidei^ it protobto tiwt a wire, vety deUcMtetjr 
hung, end conneeted, ought be made to xotsle 
rotu^ the d4> of (he needle by the earth’ameg^ 
netiam alone; the upper part beiag restotiaed 
to a point in the line of the dip, the lower behit 
soade to move in a cirde surrounding it. This 
result was obttined in the fdiowing nuuuur^a 
piece of ooppm wire, about 0.018 of an intii in 
diameter, and six inches long, was well amel^ 
gamated til over, and hung by a loop to anothor 
piece of the same wire, as deeoribed at page 
809, so as to allow very free motion, and ito 
lower end was thrust tlwuf^ a amah piece Of 
cork, td ihake it buoyant on mercuiw; (he Up- 
per piece was connected with a thickTwire, that 
went away to one pole of the voltaic apparatus; 
a glass ba^ ten inches in diameter, was filled 
with pure clear mercury, and a littie dilute 
acid put on its surface as ^ore; the tiuck wirC 
was then hung over the centre of the glass ba- 
sin, and deprmsed so low that the thin move- 
able wire having its lower end resting on the 
surface of the mercury, made an on^e of about 
40” with the horizon. Immediattiy (he circuit 
through the mercury was complete, this wire 
began to move and rotate, and continued to 
describeaconefwhilat the connections were pre- 
served), which thou;^ its axis was pei^cfio- 
ular, evidently, from the varying rapidity of its 
motion, regarded a line parailel to (he dipping- 
needle ns that in which the power aeted thiiri 
formed it. The directicm of t^ motiim was, as 
expected, the same as that given by (he pole of 
a magnet pointing to the south. If the centne 
from which the wire hung was elevated untff 
the induction of the wire was equal to (hat of 
the dip, no motion took place when the wire 
was parallel to the dip; if (he wire was not so 
much indined as the dip, the motion in one 
part of the cirde eaptiile of being described by 
(he lower end was reversed; results timt neeee- 
sarily follow from the relation of tiie dto and 
tiie moving wire, and which may easi^ be dx- 
tended. > 

I have deeciibed tire eSeois above ae tMo- 
^wad by the nor(h pde of the eaxth, aanai^ 
that poto aa a imise of aetiom^wtiiic to a ffna 
repemoted by itoa dto tiw neaiUa. 
bem dmwithat the itoenomtoa might OMU 
leadily be oofomaied vitb (hoae ^mdneedtliy 
tbep^ <rf a magnet. M. Biot hae timtoa^W 
etieulaticm ttotijmemagnetie ptieaoX^ 
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fli Jd;. itta itt lib tbe«^ 

taaoed tlw ofniiioo ^ tiie niapi^^ 

is asuasd aleoCrie sumBts moving 
rwnii its tods panUel to tbe eq^aliw. Of the 
ooosQpimoe exisNag ainoag tlu calottUdjon, 
tibamy sod toe fsots, some idea may petoape 
be gidaed from what was said, page 802, on the 
letation of a pole toronj^ and round a wire 
ling; 'Hie different sides of toe ptane which pass 
toroof^ toe ring, there described, and whito 
may r^resent toe equator in M. Ampire’s toe> 
ety, aeood perfeo^y with the hemispheres 
of toe {dobe; and toe relative positiDn of toe 
sui^oB^ pmnts of attraction ai^ repuition eo- 
itwide with those asogned by M. Biot for toe 
poles of toe earth its^. Whatever, however, 
may be toe state and amngement of terrestiiai 
magnetism, the experiments I have described 
bear me out, I think, in presuming, that in 
every part of toe terrestiiai globe an eleotro- 
magnetic wire, if left to the free action of ter> 
restrial magnetism, will move in a plane (for so 
the small part we can experiment on may be 
oonadered) perpendicular to the dip of the 
needle, and in a direction perpendicular to the 
eiurent of electricity pasting throuid> it. 

Beverting now to the expectation I miter* 
tained of altering toe apparmit wei^t of a wire, 
it was founded on toe idea that the wire, moving 
towards the north round the pole, must rise, and 
moving towards the south, must descend; inae* 
much as a plane perpmidirular to toe dipping- 
needle, ascende and descends in these dbeo- 
thma. Jhi ordm* to ascertain toeexistence of this 
effect, I bent a vrire twice at right angles, as in 
toe first experiment described in this note, and 
fastened on to each extremity a short pieee of 
tom wire amalgamated, and made ti» connec- 
tion into toe bstins of mercuiy by these torn 
wire8.Hiewirewasthen8U8pendfld,notaebe- 
hae, from tbe oeiUng, but from a enuli and dti- 
ieato lever, which would indicate any apparent 
altoratioa in the weight of the wire; tbs eon* 
tMetiobs wtire tiiea maito with a vtitaie iii)> 
Mrument, but I was surprised to find tbat'tfae 
w^ seamed to become lighter in both direo- 
thotu^ not so mudi when its motion wat 
tewBida tbs touth as towards toe north. On 
frutiMrtifrd it was found to ascend «tt the oon- 
iMti btingmade, whatever its potitiim to tiie 
nmnitisa, and I soon sscertained that 
H^siot depend on theeastii’a tiagiintism, 
tiupunt any looisi magnetie action of the eon^ 
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guaatad pbov el lihe Ibiii copper wfae' m$ 
^pped into deani mremuy^ having a afratwn 
of water or dilute maA oynr it; tins, hneMsmr, 
wa8iwtneoessa^,lmtitpreaBrredtoemfirei»y 
clean md toe wire cod* in this position the oo» 
hesive attraction ot the mercury rtised a tittle 
elevation of toe metal rcusd the win at a ear* 
tiun magnitude, which tended to depress 
wire by adding to its weight. When the mer- 
cury and the wire were ooaneetod with tbe 
poire of the voltidc apparatus, tifia elevatioa 
vitiUy diminished in magnitude by an appar- 
ent alteration in tbe cohesive attraetion it toe 
mercury, and a part of the force which bdbrt 
tended to depress tiie wire was thus removed. 
This alteration took place equally, whatever 
the direction in which toe current was pasemg 
through toe wire and the mtarouiy, toie 
effect ceased toe mament the oonuMtions Orree 
broken. 

Thus the cause which made the wire ascend 
in toe fomre case was evident, and by know- 
ing it, it was eaqr to ccaistruot an ai^iaiatos 
in which the ascent should be very coaBides>> 
aUe.A|»eeeof copper beillwire,aboattwoiDcIiw 
long, had portions of toe amalgamated fineaqi- 
per wire soldered on to its en^, and tiioee beot 
downwards till parailti to each other. This waa 
then hung by a silk thread from the lew, and 
the fine wire ends dipped into two cups ofdeao 
mercury. When toe communications were otmu' 
pleted from tiw voltaic instrument through 
these two cups, toe wires would rise nearly aa 
mch out of toe mercury, and descend again oa 
brealdng toe communication. 

Thus it appeus tiiat, whmi a fine amalgaanal- 
ed oqiper wire dips into mercury, and a euv- 
lent of voltaic tieotricity passes throat^ tiia 
comUnation, a peculiar effect is produced at 
the place whm toe wire first tou(^ toe mtr- 
eury, equivalent to a diminution of the otosaiy* 
attraetion of tbe merouty. Hie effect »i»% 
dioriniahed by increasing the siae of tiie wbe^ 
and 20 pair of plates of Dr. Wotiastoai’s eon*' 
struetion, and four indm s4uare, stould iMt 
produoe it vrith the fine wire; on eontmiiyt 
two large {dates are suffitient. Dr. Hare’s eafaj^ 
imotor was tiie inatrameot used, end ^ 
charge ww so weak that it w(mM hare^ vtom 
two inehto of Miy tiled irire. Wbetimr toenibft 
is aaaetual dln^ution ef tiie attiaetiMi4f tlin 
paitMes «l the mercury, or dependaoneaws 
etimr eense, letaadns ae yet to Im fikioMtilMA 
But in aig ca w i ts infli^i^s^powto 

made to dsdernfiue the lBne/«iKl<d£emw^ 
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m decUo-mgaetic ^virai acted on a mag- 
netic pole^ if the direction is otherwise than 
boriaontaC and if they axe observed in the way 
described in this note. Thus, at the magnetic 
equator, for instance, where the apparent alter- 
ati(m of weight in an dectro-magnetio wire may 
be expected to be greatest, the (Uminution of 
wei^t in its attempt to ascend would be in- 
erased by this effect, and the apparently in- 
creased gravity produced by its attempt to de- 
scend would be diminished, or perhaps entirely 
counteracted. 

I have received an account by letter from 
Paris, of an ingenious apparatus^ contrived by 
M. Ampere, to illustrate the rotatory motions 
describedinmy former paper. M. Ampere states 
that, if made of sufficient sise, it will rotate by 
the magnetic action of ihe earth, and it is evi- 
dent tlmt will be the case in latitudes at some 
"distance from the equator, if the rotary wires, 
namely, those by wffich the ring of idnc is sus- 
pended, are in such a position as to form an 
angle with a vertical line, larger than that 
formed by the direction of the ffip. 

It is to be remarked that the motions men- 
tioned in this note were produced by a single 
|)air of plates, and therefore, as well as those 
describe in the paper, page 795, are the reverse 
of what would be produced by two or more 
pair of plates. It should be remembered also, 
that the north pole of the earth is opposite in 
its powers to what I have called the north poles 
of needles or magnets, and similar to thdr 
south poles. 

I may be allowed, in conclusion, to express a 
hope that the law I l^ve ventured to announce, 
re^)ectiing the directions of the rotatory mo- 
Hxrns of an electro-magnetic wire, influenced by 
terrestrial magnetism, will be put to the test in 
different latitudes; or, what is nearly the same 
thing, that the law laid down by M. Ampere, 
as regulating the position taken by his curve, 
namely, that it moves into a plane perpendic- 
ular to Hke dipping-needle, will be experimen- 
tally asoertaiiied by all those having the op- 
portonity. 

i^eel qf CM m if opnefie Needled 

Dr. De Sanctis has lately puUished some ex- 
periments on the effect of cold in destroymg 
the magnetic power of needles,* or at least in 
rendering them insensible to the action of iron 
and other magnets. Mr. EUis has claimed the 



merit of this (Sseovery, and the reasoning upon 
H, for the late Governor EUis. Couoeiviiig it 
important to establisb the fact that cold as well 
as heat injured or destroyed the magnetic pow- 
er of iron or steel, we wrapped a maguetie 
needle up in lint, dipped it in sulphuret of car- 
bon, placed it on its pivot under the receiver of 
an air-pump, and rapidly exhausted: in this 
way a cold, below the freesmg of mercury, is 
readily obtained. When in this state, the needle 
was readily affected by iron or a magnet, and 
the numlm of vibrations performed in a given 
time by the influence of the earth upon it were 
observed. A fire was now placed near the pump, 
and the whole warmed; and when at kbout 80^ 
Fahr. the needle was again examinM, it ap- 
peared to be just in the same state asvb^re as 
to obedience to iron and a magnet, \and the 
number of oscillations were very nwly the 
same, though a little greater. The degxW of ex- 
haustion remained uniform throughout the 
experiment. — ^E d. 

Ekdro-magnethc Ctcrrenl {under the Influence 
of a Magnety 

As the current of electricity, produced by a 
vdtaic battery when passing through a metal- 
lic conductor, powerfuUy affects a npgnet, 
tiding to make its poles pass round the wire, 
and in this way moving considerable masses of 
matter, it was supposed that a reaction would 
be exerted upon the electric current capable of 
producing some visible effect; and the expecta- 
tion being, for various reasons, that the approx- 
imation of a pole of a powerful magnet would 
diminish the current of electricity, the follow- 
ing experiment was made. The poles of a bat- 
tery of fromtwo to thirty 4-inch plates were con- 
nected by a metallic wire formed in one part 
into a h^ with numerous convolutions, widlst 
into the circuit, at another part, was introduced 
a delicate ^vanometer. The magnet was then 
put, in various positions, and to different ex- 
tents, into the helix, and the needle of the gal- 
vanometer noticed; no effect, however, upon it 
could be observed. The dreuit was meAe very 
long, short, of wires of different metals and 
different diameters down to extreme ffnenMi, 
but the results were always the same. Magneta 
more and less powerful were used, some so 
strong as to bend the wire in its endeavours to 
pass round it. Bence it appears that hotsever 
powerful the action of an electric current may 
beuponamag]^, toe lattor has no tenden^ 
tgr reaction, todimkishormoieaaetoeiateni^ 
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of tilo fiotHMr; a faok lAidk, tiunq^ of a oega» 
live kiiad, i^jpean to lae to be o( some inqxiir* 
taaoe.-'M. F. [Sm note at end of Seriee I of 
Etp. fiee., 1843.] 


EMrie Pmoen (and Plaos) x4 Omkta of lAm^ 

Some oxalate of lime, obtained by pi^pitof 
tion, when wdl>wa8hed, was dried in a Wedge- 
wood's basin at a temperatute approadiing 
300”, until so dry as not to render a cold g^aas 
plat^ placed over it, dim. Being then stirred 
wito aplatinum8patula,it,inafewmomentB,by 
friction against toe metal, became so strongly 
electrical, that it could not be collected to- 
getoer, but flew about the dish whenever it was 
moved, and over its rides into the sand-bath. 
It required some little stirring before toe paiv 
tides of toe powder were all of them sufficimt- 
iy electrical to produce tois effect. It was found 
to take place rither in porcelain, ^ass, or metal 
basins, and with porcelam, glass, or metal 
stirrers; and when well exdted, the dectrifled 
pattides were attracted on toe approach of ail 
bodies, and when riiaken in small quantity on 
to the cap of a gold-leaf dectrometer, would 
make the leaves diverge two or three inches. 
The effect was not due to temperature, for 
when cooled out of the contact of air, it equally 
took place when stirred; bring, however, very 
hygrometric, the effect soon went off if the 
powder were exposed to air. Excited in a silver 
capsule, and toen left out of contact of the air, 
the substance remained rieotrieal a great length 
of time, proving its very bad conducting power ; 
and in this respect surpassing, perhaps, aU 
other bodies. The effect may be product any 
number of tones, and after any number of 
dericcations of the salt. 

Platinum rubbed against the powder became 
negative— the powder poritive ; all other metals 
tried, the same as platinum. When rubbed with 
g^a88,toe{da8sbeoamestron{dy negative, the ox- 
alate positive, both bring dry and warm; and in- 
deedtiusbodyappearstostandattoeheadofthe 
list of all substances as yet trito,as to its power 
of becoming positively riectrietd by friction. 

Oxalates of sine and lead produced none of 
these dleots. — ^M. F. 


On tls Qtnmi Magnetie Rdatkm and Char- 
adm <f the Metah^ 

Chnnmai. views have long rinee led me to an 
Opi^n, wfairii is probriily also entertained by 




otherv^ I do 110* 

i]^ tibot oB the sMtob aio 
same ntaimer as ironp thoujs^ not at conuenoii 
temperatures or under ordinary eircumetai^ 
oes.* I do not refer to a feeble magnetbin,^ un* 
certam in its existence and source, but to a 
tinct and decided power, such as that posseased 
by iron and xdokel ; and my impresnon has been 
that there was a certain temperature for each 
body (wdil known in the case of iron) beneath 
which it was magnetic, but above which it lost 
all power; and that, further, there was some 
relation between this paint oi temperature, and 
the intensity of magnetic force wUoh the body 
when reduced beneath it could acquire. In thte 
view iron and nickel were not considered as exr 
ceptioDS from the metals generally with regard 
to magnetism, any more than mercury could 
be considered as an exception from this class of 
bodies as to liquefaction. 

I took occasion during the very cold weather 
of December last, to make some experiments 
on this point. Pieces of various metals in their 
pure state were supported at the ends of fine 
platinum wires, and then cooled to a very low 
degree by the evaporation of sulphurous acid. 
They were then brought close to one end of one 
of the needles of a delicate astatic arrangement, 
and the magnetic state judged of by theabsenoe 
or presence of attractive forces. Tbewholeappa^ 
ratuB was in an atmosphere of about 25^ Fato.: 
the pieces of metal when tried were always far 
below the freeaing-pomt of mercury, and as 
judged, generally at from 60^ to 7(P Fabr. be«> 
low zero. 


The metals tried were, 


Antimony 

Lead 

Arsenic 

Mercury 

Bismuth 

Palladium 

Cadmium 

Platinum 

Cobalt 

SUver 

Chromium 

Tin 

Copper 

Zinc 

Gold 



and also Plumbago; but in none of these cases 
could I obtain ^ least indication ci mag- 
netism. 

Cobalt and chromium are said to be boOt 
magnetic metals. I cannot find that either of 
them is so, b its pore state, at any tempmk 

• It may he proper to remark that the 
tioofl made in par. 256 of my ExperimenUd $te^ 
Morehii have mmenoe onhr to the weS elaaset m 
bodiis there defined as esietins at ocdiiui^ teshP<^ 
aturee* 

« jMVririt. Mtttref., "Maswl SrinsMS,'* VsL I. 
p. 761. 
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tem* Wlm wIb pftmt k i|MMi> 

igoms auppMcd to bo pore, IboTtf tiaoed it to 
itioa «■ id(^. 

The stq> whioh we oao make downwsrde in 
tanperetore is, however, bo Bmall ae compared 
to the diaages we can produce in tiie opposite 
direDthnt, t^ active reaults of the ki^bere 
stated OMild soared be allowed to have much 
weii^t in deciding the question under exarmna- 
tkm, althouj^, unfortunately, ibey cut off aU 
but two metids from actual comparison. BtiU, 
•B the only experimental oouree left open, I 
Ixoceeded to eompare, roughly, iron and nickel 
with reqject to the points of temperature at 
wddoh tb^ cease to be magnetic. In (bis respect 
iron is w^ known.* It loses all magpaetic prop- 
erties at an orange heat, and is then, to a mag- 
net, just like a piece of copper, silver, or any 
other unmagnetie metal. It does not intercept 
tiie magnetic influence between a magnet and 
a piece of cold iron ora iteedle. If moved across 
mei^tic curves, a magneto-eiectiio current is 
produced within it exactly as in other cases. 
The pmnt at which irem loses and gains its 
magnetic force appears to be very de^te, for 
Ibe power comes on suddenly and hilly in small 
snasaes by a small diminution of temperature, 
and as suddenly disappears upon a small ele- 
vstkm, at that degree. 

, ^th nickel I found, m I expected, that the 
point at which it lost its magneticrelationswas 
very much lower than with iron, but equally 
defoed and distinct. If heated and then oooleth 
it remained umnagnetic long after it had faileq 
below a heat vimble in the dark: and, in fact, 
almimd oil can bear and eommunicste that 
temperature which cad render niekel indiffer- 
ent to a miigaet. By a few expeihnents with 
(be tbermomieter it appeared t^ (be demag- 
astiting Wnperature for nicMl is near 630” or 
dKf . A slight change about this point would 
sitiier give or take away the fi^ magnetic pow- 
er of (be metal. 

Thttsthempaiiments, as far as (bey go, justi- 
fy the opbisn advanced at (be ombmeneemeat 

(Ids i»per, (ball aU nudaklmve similar mag- 
netie rations, but (bat there is a certain tern- 
psmtttie for esdi beneath which it is autgndtio 
In timmsiwwrrrfieeaeraifllBd, and above whMi 
H cannot miUbit (his pre^perty. This magnetic 
mpaldlity, like vdatility or ftunbiHty, must de- 
pend upon some peoulto relation or eondititm 



(rf tim parlMw of fbeibody;' sad tiw siiikidg 
diffegwiee between the no o oo sagy twapenStmei 
for inn and nkhnl iqipeani to me t* nmksil 
far more philosoibieal to aUdw tikat msgnetit 
capability is a general property of all metitls, a 
certain temperature b^g the essential ooiadtt- 
tion for the devdopmmit of (bis state, tium to 
suppose that iron and niekti possess a idtydost 
I»operty whidi is denied to all (be othw sid»- 
stances of the class. < 

An opinion has been entertslhed whb m- 
gard to iron, that the heat whieb takes away 
its magnetie propmty acts somehow w ithin it 
and amongst its electrical currents (upcm wfaiih 
the magiMtism is considered as deppding) as 
flams and heat of a similar btmunty act upon 
conductors charged with ordinaiy aleotritity. 
Hie difference of temperature neoesasry for 
iron and niekel is against this o{»nion, and tixe 
view I take of the whole is stfll mor^stron^ 
opposed to it- 

The dose relation of dectrie and diagnetie 
phenomena led me to think it probable timt 
the sudden change of condition with respect to 
(be magnetism of iron and nickd at certain 
tempeiatures, might also affect, in some de- 
gree, thdr conducting power for dectridty in 
its ordmary form; but I could not, in sudi tri- 
als as I made, discover this to be the esse witii 
iron. At the same time, although sufBdently 
exact to indicate a great diange in eondnotion, 
they were not delicate enough to render evi- 
dent any small change ; whioh yet , if it occurred, 
m^t be of great importance in illustrating the 
peculiarity of magnetic action under these eir- 
cumStanoes, and mi^t even duddate its gen- 
oral nature. 

Before conduding tbs short paper, I may 
describe a few results of magnetie action, vritieh, 
though not directly concerned in the argument 
abovh, are connected generally with the snls- 
ject.* Wishing to know what relation tiiai tem- 
perature which could take from a magnet its 
power over soft iron bad to that wlfloh oeuld 
take from soft jlxiB or sted its power rdativetd 
a magnet, I gp^udly raised (be tempentute 
of a magnet, and found that when aeamdy a^ 
the bdUng-pdnt of almond dl it loet Itt 
pdarify ratber suddenly, and thoi aetad wHlt 
a magnet ee eold soft inn: it tevliMd to hO 
raised to a full orange heat bdtre it ioet>ll|i 
power «e oaft hutiu HmiM (be ftsMW d 
terttofn(hat«oiidi(KnQf its peitides whioh 
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lieat at a far loMr tbaa that 

whidh te naoenlBqr'td pment ita partfades aa- 
jnimiAg tha 9(imhlate by the iaduative action 
of a neighbouring magnet. Hence ai one tern- 
peratuFeits particj^ can of themselves retain 
a pennanent state; whilst at a hi^er temper- 
ature, that state, though it can be induced from 
without, will continue only as long as the in- 
ductive action lasts; and at a still &gher tem- 
perature all capability of assuming this con- 
dition is lost. 

The temperature at which polarity was de- 
stroyed appeared to vary witii the hardness 
and condition of the steel. 

Fragments of loadstone of very high power 
were then experimented with. These preserved 
their polarity at higher temperatures than the 
steel magnet; the heat of toiling cal was not 
sufficient to injure it. Just below visible igni- 
tion in the dark they lost their polarity, but 
that to a temperature a little hif^er, be- 
ing very dull ignition, they acted as soft iron 
would do, and then suddenly lost that power 
also. Thus the loadstone retained its polarity 
longer than the steel magnet, but lost its capa- 
bility of becoming a magnet by induction much 
sooner. When magnetic polarity was given to 
It by contact with a magnet, it retained this 
power up to the same degree of temperature as 
that at which it hdd its first and natural 
magnetism. 

A very ingenious magnetizing process, in 
which electro-magnets and a high temperature 
are used, has been proposed lately by M. 
AimA^ I am not acquainted with the actual re- 
sults of this process, but it would appear prob- 
able that the temperatiire which decides the 
exfat^ce of the polarity, and above which all 
seems at liberty in the bar, is that required. 
Hence probably it will be found that a white 
h&nt is not more advantageous in the process 
than a temperature }u8t atove or about that of 
toiling oil; wh^ the latter wodd be much 
convenient hi practise. The only theoretic 
iM reason for Sommendng at hig^ tSmpm- 
tiM would be to indude both the hardeidng 
nm the pdgrhdng degrees in the Same process; 
Mt it doubtful whether these are so 

mMm as to give any advantage in ptM- 

the process above the deptasrising 

vsinpeiifsuie* 
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aelmtfIkiUttak} Faebf i 

Aa iitea that the iiiaMb vooU b* aU nic* 
aetic if xaade cocfecemBlir Doli|> m thejr $s» m 
iiDii>iaaigaafeie if Abov* » ceortaia teupenfeiafe^ 
vw put forth in Mueb «ik 1 MOW eiqieit 

meats were sHide, in which aevmnl oooM 

as low As <-60 or — 70 * Eabr<, but without en- 
quiring magi»tio powers. It Wae aftnwards 
niriiced^ that Berthier had said, tiwt bsrides 
inm, eobatt, Sind mokid, mtmponMe (dso pmMss> 
0tmaffnelief0rcebe$uathaetrUtindeifm<(fUlf^‘ 
pe?u<ure, mwA below sero. Having bad last Mar 
the oi^itunlty of worMng with M. TbOorieris 
beautiM apparatus fw ipviaig both the liquid 
and the sdid state to carbonic acid gas, I was 
anxions to ascertain what the extras^ low 
tnnperatore procurable by its means would 
effect with r^sard to the magnerio powers of 
metals and other substances, espedally wi^ 
relstion to manganese and col^t ; and nothST- 
mg seen any account of similar trials, I send 
the results to the Phtlosephteol Hoporine (If it 
plesse the Editors to inssrt them) as an aj^wa* 
dix to the two former notiees. 

llw substanees were cooled by unmersiQn in 
the mixture of ether and solid carbonie aci^ 
and moved either byplatinum wiresattardiedto 
them, or by small wooden tongs, abo cooled. 
The temperature, according to IMorier, would 
be about 112* below 0* of Fahrenheit. The test 
of magneiie power was a double astatie needla 


and powerful, so that the wfacde system was 
very sensible to any substance capable of haw* 
ing magneriffin induced in it when brous^t near 
one of the four poles. Great oare was required 
a&d was taken to avoid the effect of the down* 
ward current of sir formed by the cooled body; 
very thin plates of mica being interpoaed in tto 
most important eases. 

Tim fcdkiwiiig metab gave iro iiidioatieBs dt 
any magnetic poWer wbed tiitu cwricd ib 
-liyFfehr. 
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A pSeee of nwtallSe maoga&eoe ghren to sm 
by 1^. Evoiott waa vBiiy subtly ni^ 
polar at omnum temperatures. It was not more 
magnetic when cooled to the lowest degree. 
Hence I believe tbe statement with legfxd to 
its acquiring such powers under sudi drcum* 
stanoes to be inaccurate. Upon very careful ex^ 
ammatlon a piece of iron was found in the piece 
of metal, and to that 1 think the magnetic 
imperty which it possessed must be attributed. 

I was very car^ in ascertaining that pure 
eoUU did not become magnetic at &e very low 
temperature produced. 

The native alloy of iridium and osmium, and 
also crystals of titanium, were found to be 
slightly magnetic at common temperatures; I 
believe because of the presence of iron in them.^ 
Being cooled to the lowest degree they did nr^ 

^ present any additional magnetic force, ai 
therefore it may be concluded that indium, c 
mium, and titanium may be added as non-ma. 
netic metals to the list already given. 

Carbon and the following met^c combin 
lions were then experimented upon in a simili 
manner, but all the results were negative: n< 
one of the bodies gave the least sign of the a 
quirement of magnetic power by the co 
applied. 

1. Carbon 

9 ‘FTokmii.fiifA 

1 See Dr. WoUaeton’a paper on this eubjeot. Paii 
front,, 1823, Part II, ni* Phil. Mtut.. TTirttfe HaHm 

vm. Lxin. D. 


8. Pkotoddecf lead 
A antimony 

5. Imnuth 

6. Whitearsenic 

7. Native oxide of tin 

8. manganese 

9. Chloride of silver 

10. lead 

11. Iodide of mercury 

12. Galena 

13. Rea%ar 

14. Orpiment 

15. Dense native cinnabar 

16. Sulphuretof tilver 


17. 

copper 

18. 

tin 

' 19. 

bismutl 

20. 

1 


21. ProtoBul. Iron crystalhi 


oojiMjr UAvruo i 

The carbon was the dense hard kina obtainei 
from gas retorts; the substances 3, 4 5, 6, C 
10, 11, and some of the suiphurets b^: 
first fused and solidified ; and all the bodies wer 
taken in the most solid and dense state wbid 
they could acquire. 

It is perhaps superfluous to add, except i: 
reference to ejects which have been supposes 
by some to occur in northern latitudes, tha 
the iron and nickel did not appear to suffer an; 
abatement of their peculiar power when coolo 

.. 1 ..... jJ .. ...I .... 

w yup wijr Avrw^ov 
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On Physical Lines qf Magnetic Farce 

Hffr AT. Intmrrmmt Pnonmiinnfflfi. Jinn 11. IMtS 


Oh a fonner oceaaion certain lines about a 
ibsTHDoagnet were described and defined (b^g 
those which are deidcted to the eye by the use 
of iron filings spriidded in the ndg^teuihood 
of the magnet), and were recommended as 
espresidng accurately the nature, condition, 
directiem, and amount of the force in any g^ven 
dther within or outdde of the bar. At 
that time the linea were conddeted in the ab- 
stract. WithcHit departing from or unsettiing 
aaytiung tiien said, the inquiry is now en- 
tend upem of tbs p^ble and probable p%d> 
eei exirienee of sui^ lines. Those who uish to 
^Hionddnr .the diffvent points belongjing to 
tibese parts of magMtie sdsnoe may rder to 
two papers in UmfintiisNrt of IVans. 


for 1862* for data concerning the representatwe 
Imes of force, and to a paper in the PkU,Mag,, 
ilk Serin, 1^, Vol. Ill, p. 401, for the argu- 
ment respecting the Tphyekal lines of force. 

Mmty powers act manifestly at a distance; 
their physical natnn is incomprehensible to 
us: still ws nuy learn much that is reel and 
poddve about ^em, and amongst other things 
soraetbing of the omuiition of ihaspaoe hetman 
tha body acting and that acted upra, er bei- 
tmen two mutually acting bodies. Such 
powers an jnesented to us &e phSnoroena 
of gravity, lightt deotridty, magnetkint Ac. 
These when eaaminedwffl befoul to p e e s en t 
remaihaUe diffeteneee in nlatilmi to their re- 
*gMt*sa*7W. 
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ii|>octiiii9 tiw* of forocMis At tbo 
estaU^ the oxi^ 

cal liim in some eases, wiQ fodlitate the coo- 
sidmtion of the question as applied eEq[>eoiaUy 
to ms^etism. 

When two bodies, a, 6, gravitate towards 
ea<^ other, the line in which they act is a 
straight line, for such is the line which either 
would follow if free to move. The attractive 
force is not altered, dither in dtrection or 
amount, if a third body is made to act by gra vi* 
tation or otherwise upon either or both of the 
two first. A balanced cylinder of brass gravi* 
tates to the earth with a weight exactiiy the 
same, whether it is left like a pendulum freely 
to hang towards it, or whether it is drawn aside 
by other attractions or by tension, whatever 
the amount of the latter may be. A new gravi- 
tating force may be exerted upon a, but that 
does not in the least affect the amount of power 
which it exerts towards 6. We have no evidence 
that time enteis in any way into the exercise of 
this power, whatever the distance between the 
acting bodies, as that from the sun to the earth, 
or from star to star. We can hardly conceive of 
this force in one particle by itself; it is when 
two or more are present that we comprehend 
it: yet in gaining this idea we perceive no dif- 
ference in the character of the power in the 
different particles, all of the same kind are 
equali mutrudf and ahke. In the case of gravi^ 
tion, no effect which sustains the idea of an in- 
dependent or physical line of force is presented 
to us; and as far as we at present know, the line 
of gravitation is merely an ideal line represent- 
ing the direction in which the power is exerted. 

Take the sun in relation to another force 
which it exerts upon the earto, namely its il- 
luminating or warming power. lA this case rays 
(which are lines of force) pass across the inter- 
mediate spaoe; but then we may affect the^ 
lines by different media applied to them in their 
oottive* We may alter their direction either by 
reflection or refraction; we may make them 
pay so e curved or courses. We may cut 

them off at thdr origin and then search for and 
find the m b^ore they have attoined their ob- 
ject* They have a relation to tfms, and occupy 
8 ipbuitfifl in comiug from the sun to the earth: 
so t hfft they may exist independently eitlmr of 
thT^^ or toeir final home, and have in 
Itot a ctoaxdietmct tdiysiGal existence. They are 
in extreme contrast with the lines of grayitat- 
iim noim to thk respect ; as they are also in 
igto* to tWff cwacfitm 
Tlptirob<Klket«mta^ 


ing force am alSm to ttoh 
apeet, and ao the line joining them bar ra- 
laticma in both directions* The two bodies at 
the teiminals of a ray are utterly unlilm to 
tion; one is a source, the other a destroyer of 
the line; and the line itseff has the retotion of a 
stream flowing in one direction* In these two 
cases of gravity and radiation, the^ difference 
between an abstract and a physieel line of force 
is immediately manifest. 

Turning to the case of etefie eMfkiiy we 
find here attractions (and other actions) at a 
distance as in the former cases; but when we 
come to compare the attraction with that of 
gravity, very striking distinctions are present* 
ed which immediatdiy affect the ques^n of a 
physical line of force. In the first place, when 
we examine the bodies bounding or te rmin ati n g 
the lines of attraction, we find them as before, 
mutually and equally concerned in the action; 
but they are not alike: on the ^ntrary> thou^ 
each is endued with a force wluch speiddng gen- 
mXLy is of the like nature, still thc^ are in su<h 
contrast that their actions on a thtoi body in a 
state like either of them are precisdiy the re- 
verse of each other— -what the one attracts the 
other repels; and the force makes itself evident 
as one of those manifestations of power endued 
with a dual and antithetical ccmdition. Now 
with all such dual powers, attraction cannot 
occur unless the two conditions of force m 
present and in face of each other tbrou^ the 
lines of force. Another essential limitation is 
that these two conditions must be exactly eqitd 
in amount, not merely to produce the effeeto of 
attraction, but in every otoer case; for it is im- 
possible so to arrange things that there diall be 
present or be evolved more electric power of 
the one kind than of the other. Another limitei- 
tion is that they must be in physical rdation to 
each other; and that when a positive and g 
negative ti^trified surface are time associated, 
we cannot cut off this rdation exc^t by trans- 
ferring the forces of these surfaces to equal 
AmA iintw of the contrary forces provided dse^ 
where. Another limitation is that the power is 
definite in amount. If a ball a be charged with 
10 of positive electricity, it may be madti to sot 
with that amount of power on anottier bsQ h 
charged with 10 of negative electrioiily; bet }f 6 
of ite power be taken upby a toiid bati ochaig^ 
with negative eleetticity, then it can only not 
wito 5 of power on ball a, and that baB must 
find or evolve 5 of positive power tisewherss 
this is quite tmlike what occurs with a 

powur that presmtow wdto notU^ 
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dmra^« FIttally, tibe dectrfe force aofo in 
eumd tineB. If a bail be eleetrified positively 
told insulated in the air, and a round tnetailie 
plate be placed about 12 or 15 inches off, facing 
it and uninsulated, the latter will be found, by 
the necessity mentioned above, in a negative 
condition; but it is not negative only on the 
side facing the ball, but on the other or outer 
face also, as may be shown by a carrier applied 
there, or by a strip of gold or silver leaf hung 
against that outer face. Now the power affect- 
ing this face does not pass through the unin- 
sulated plate, for the thinnest gold leaf is aUe 
to stop the inductive action, but round the 
edges of the face, and therefore acts in curved 
lines. All these points indicate the existence of 
physical lines of electric force: the absolutely 
essential relation of positive and negative sur- 
faces to each other, and their dependence on 
^ch other contrast^ with the known mobility 
of the forces, admit of no other conclusion. The 
action also in curved lines must depend upon a 
physical line of force. And there is a third im- 
portant character of the force leading to the 
same resuit, namely its affection by media hav- 
ing different specific inductive capacities. 

When we pass to dynamic dedricity the evi- 
dence of physical lines of force is far more 
patent. A voltaic battery having its extremi- 
ties connected by a conducting medium has 
what has been expressively call^ a current of 
force ruimmg round the circuit, but this cur- 
rent is an axis of power having equal and con<* 
trary forces in opposite directions. It consists 
of lines of force which are compressed or ex- 
panded according to the transverse action of 
the conductor, which changes in direction with 
the form of the conductor, which are found in 
every part of the conductor, and can be taken 
out from any place by channels properly ap- 
pointed for the purpose; and nobody doubts 
that they are physic^ lines of force. 

Filially as regards a maynet, which is the ob- 
ject of the present discourse. A magnet presents 
a system of forces perfect in itself, and able, 
therefore, to exist by its own mutual relations. 
It has the dual and toitithetic character belong- 
ing to both static and dynamic electricity; and 
tbteisinadeoMunfestby what are calledits 

by tbeoppositepowersof likeUndfo^ 
lit and totrards ite eictreimtieB. These powers 
are found to be absolutely equal to each other ; 
one cannot be changed in any degree as to 
amount Without on equal diange of the other; 
104 tbfo fo tim whtm the opfKmte pol^ 

magnet are not xdated to eaidi other, but to 


the polarities of otlier magnets^ Thepolaii^ 
or the narthnm and mtihtme of A magnet ate 
not only related to each other, through or with^ 
in the magnet itself, but they are also rdated 
externally to opposite polarities (in the manner 
of static electric induction) or they cannot ex- 
ist; and this external relation involves and 
necessitates an exactly equal amount of the 
new opposite polarities to which those of the 
magnet are rented. So that if the force of a 
magnet a is related to that of another magnet 
6, it cannot act on a third magnet c without be- 
ing taken off from 6, to an amount proportion- 
al to its action on c. The lines of magnetic force 
are shown by the moving wire to exist both 
within^ outside of the magnet; also they 
are shown to be closed curves pai^ng in one 
part of their course through the nmgnet; and 
the amount of those within the majmet at its 
equator is exactly equal in force to the amount 
in any section including the whole of those on 
the outside. The lines of force outside a magnet 
can be affected in their direction by the use of 
various media placed in their course. A magnet 
can in no way ^ procured havingonly onemag- 
netism, or even the smallest excess of northness 
or southness one over the other. When the 
polarities of a magnet are not related external^ 
ly to the foi ces of other magnets, then they are 
related to each other: i.e., the nortiiness and 
southness of an isolated magnet are externally 
dependent on and sustained by each other. 

Now ail these facts, and many more, pomt 
to the existence of physical lines of force ex- 
ternal to the magnets as well as within. They 
exist in curved as well as in straight lines; for if 
we conceive of an isolated straight bar-magnet, 
or more especially of a round disc of steel mag- 
netised regularly, so that its magnetic axis shall 
be in one diameter, it is evident that the polar* 
ities must be related to each other externally 
by curved lines of force; for no strai^iit hne can 
at thesametimetouch two points havingnorth* 
ness and southness. Curved lines of foroeeaii,aa 
I think, only consist with physical iines of fom> 

The phenomena exhibited by tbe moving 
wire confirm the some conclusion. As Hyb wiiW 
moves across the iines of force, a corrbnt of 
electricity passes or tends to.pass throwj^ 
there being no such current before the vdre » 
moved. The wire when quiescent has w mAt 
current, and when it moves it niaed sM pass 
into phices where the xnagnetio foroeisgmiiter 
or less. It may travel in sucha oduiee that jl a 
n eedle carried through the 

eoom it Would Im entir^ 
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oaUy^^ beft matter 

faretfiQe to the needle whether it were moving or 

etilL Matters nmy be BO an-anf^ tlu^ w^ 

when still sballhave the same diamagnetic ioroe 
as the madium surrounding the magnet, and so 
in no way cause disturbance of the lines of force 
pasting throu^ both; and yet when the wii^ 
moves, acurrentof electricity shall be generated 
in it. The i^re fact of motion cannot have pro* 
duced this current:theremust have been a state 
or condition around the magnet and sustained 
by it, withm the range of which the wire was 
placed; and this state shows the physical con- 
stitution of the lines of magnetic force. 

What this state is, or upon what it depends, 
cannot as yet be declared. It may depend upon 
the ether, as a ray of hght does, and an associa- 
tion has already been shown between light and 
magnetism. It may depend upon a state of ten- 
sion, or a state of vibration, or perhaps some 
other state analogous to the electnc current, to 


which the magnetic lort^ 
lated. Whether it of neomity requires matter 
for its sttstentation wiU depend upon what hi 
understood by the term matter. If that is to be 
confined to ponderable or gravitatmg subabano** 
es, then matter is not essential to the phytioal 
Unes of magnetic force any more than to a ray 
of light or heat; but if in ^e assumption at an 
ether we admit it to be a species of matter, 
then the lines of force may depend upon some 
function of it. Experimentally mere space is 
magnetic; but then the idea of such mere space 
must include that of the ether, when one is 
talking on that belief; or if hereafter any otiim 
conception of the state or condition of spao^ 
rise up, it must be admitted into the view of 
that, which just now in relation to experiment 
is called mere space. On the other hand it is, I 
think, an ascertained fact, that ponderable 
matter is not essential to the existence of physi- 
cal lines of magnetic force. 


Observatwns on the Magnetic Force^ 


Inasbcuch as the general considerations to be 
brought forward have respect to those great 
forces of the globe, exerted by it, both as a mass 
and through its particles, namely magnetism 
and gravitation, it is necessary bnefly to 
recall certain relations and differences of the 
two which have been insisted upon on former 
occasions. Both can acjj^at a distance, and 
doubtiess at any distance; but wliilst gravita- 
tion may be considered os simple and unpolar 
in its relations, magnetism is dual and polar. 
Hence one gravitating particlo or system can- 
not be conceived to act by gravitation, as a 
particle or system, on itself; whereas a mag- 
netic particle or system, bemuse of the dual 
nature of its force, can have such a self-rela- 
tion. Again, either polarity of the ma^ietic 
toce can act either by attraction or repulsion; 
and not merely so, but the jomt or dual action 
of a magnet can act also either by attraction or 
repultimi, as in the case of paramagnetic and 
diamagnetic bodies: the action of gravity is 
always that of attraction. As a further conse- 
quence of the difference in character of the pow- 
enp, littie or no doubt was entertained regard- 
ing the existence of physical lines of force* in 
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the cases of dual powers, as electrioity and mag* 
netism; but in respect of gravitation the con- 
clusion did not seem so sure. In reference to 
the growing magnetic relations of the sun and 
the earth, it is well to keep in mind Aram’s 
idea, of the relative magnitude of tiie two; lor, 
supposing that the centres of the two globes 
were made to comcide, the sun’s body Would 
not only extend as far as the moon, but neatly 
as far again, its bulk being about seven times 
that of a e^obe which should be girdled by the 
moon’s orbit. 

For the more careful study of the magnetie 
power, a tortimi balance has been constmetad 
of a particular kmd. The torsion wire was of 
hard drawn platinum, 24 inches m length, and 
of such diameter that 28.5 inches wtighed OM 
grain. It was attached as usual to a tofsksk 
head and index. The horisontal beam wag a 
small glass tube terminated at the object end 
by a glass hook. The objects to be sufamitled 
to the magnetic force were either cylinders Of 
glass with a filament drawn out from each, so 
as to make a long stiff hook for suspention 
the beam; or c)^drical bulbs of glass, of (like 
shape, but forger size, formed out 
or other mafoers. The fine tubular esteentitics 
of thebitibsbeuigopened, the way 
free item tod to end; the bulbs could be 
filhd with any fluid or gas, sealed, and bo rw* 



820 FAEADAY Jm. 


ttzbixutted many times in suocesdon to th^ 
netic force. The source of power employed was 
at first a large electro-magnet; but afterwards, 
in order to 1^ certain of a constant power, and 
for the advantage of allowing any length of 
time for theobservations the great magnet, con- 
structed by M. Logeman upon the principles 
developed by Dr. Elias (and which, weighing 
above 100 lbs., could support 430 lbs. accord- 
ing to the report of the Great Exhibition Jury), 
was purcha^d by the Royal Institution and 
used in the inquiries. The magnet was so ar- 
ranged that the axis of power was 5 inches be- 
low the level of the glass beam, the interval 
being traversed by the suspension filament or 
hook, spoken of above. The form and position 
of the terminations of soft iron are shown in 
plan by the diagram upon a scale of Hoi and al- 
so the place of the object. All this part is en- 
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closed in the box which belongs to and carries 
the torsion-balance, which box is governed by 
six screws fixed upon the magnet table, and as 
both the box and the table have lines and scales 
marked upon them, it is easy to adjust the for- 
mer on the latter so that the beam shall be over 
and parallel to the line a, s, with the point of 
suspension over c; or, by moving the whole box 
parallel to itself towards m, to give the point of 
suspension any other distance from the angle 
c. As already said, the objects were construct- 
ed with a suspension filument of such length as 
to make them coincide in height with the angle 
in the magnetic field. When suspended on the 
beam, they were counterpoised by a ring or 
rings of lead on the farther arm of the beam. 
These when required were moved along the 
beam until the latter was horizontal; and that 
state was ascertained by a double arm sup- 
port, which sustained the beam when out of 
use, farou^t it into a steady state when mov- 
ing, and delivered it into a condition of free- 
dom when required. The motion of the box to 
the right or left, so as to place the object in the 
middte of the magnetic angle, was given by two 
of the screws before spoken of; the motion to 
the given distance from c, by the other four. 

Supposing the distance from c towards m to 
be adjusted to 0.6 of an inch, when the beam 
was hsAed above, and no object before the 
magnet (the beam having been of course pre- 


viously adjusted to its nosmal position and ihe 
torsion index placed at zero), it then remained 
to determine &e return of the beam to its place 
when the object had been suspended on it and 
repelled: this was done in the following man- 
ner. A small plane reflector is fixed on the beam, 
near its middle part, und^ the point of sus- 
pension; a small telescope associated with a di- 
vided scale is placed about 6 feet from the re- 
flector, and in such a position that when the 
beam is in its right place, a given degree in the 
scale coincides with the fine wire in the tele- 
scope. Of course the scale appears to pass by 
the wire as the beam itself moves, and with a 
double anipilar velocity, because of reflex- 
ion. As il & easy to read to the fiftieth and even 
to the hundredth of an inch in this way, and as 
each degree occupies apparently 2.4 inches with 
the radius of 6 feet, so an angular motion, or 
difference of > 44 oth of a degree coula be ob- 
served; and as the radius of the arm of the 
beam carr 3 dng the object was 6 inches,' such a 
quantity there would be less than ^oooth of an 
inch; i.e., the return of the beam to its first or 
nomial position by the torsion force put on to 
counteract the repulsion, could be ascertained 
to within that amount. When an object was 
put on the adjusted beam, if diamagnetic it 
was repelled; and then, as the observer sat at 
the telescope, he, by means of a long handle, a 
wheel and pinion, put on torsion until the place 
of the beam was restored; and afterwards the 
amount of torsion read off on the graduated 
scale became the me|sure in degrees of the re- 
pulsive force exerted. At the time of real obser- 
vations, the magnet, balance, and telescope 
were all fixed in a basement room, upon a stone 
floor. But it is unnecessary to describe here the 
numerous precautions required in relation to 
the time of an observation, the set of the sus- 
pension wire by a high torsion, the possible 
electricity of the object or beam by touch, the 
effect of feeble currents of air within the box, 
the shape of the object, the precaution against 
capillary action when fluids were employed as 
media, and other circumstances; or the use of 
certain stops, and the mode of procedure in the 
cases of paramagnetic action; the object being 
at present to present only an intelligent view 
of the principles of action. 

When a b^y is submitted to the power of a 
magnet, it is affected,as to the result, not mere- 
ly by the magnet, but also by the medium sur- 
roundingit ; and even if that medium be changed 
for a vacuum, the vacuum and the body stiU 
are in like relation to each other. In fact tihe 
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alleys diffenmtial;^ Air 0** 

txiedium dmnges the action on the objed;, Glass 21 ^6 0^ 78^4 

there are abundance of substances which when Water 100* 78*.4 0* 


surrounded by air are repelled, and wh^ by 
water, are attracted, upon the approach of a 
ms^et. When a certain small glass cylinder 
weighing only 66 grains was submitted on the 
torsion-balance to the Logeman magnet sur- 
rounded by air, at the distance of 0.5 of an inch 
from the axial line, it required 15* of torsion to 
overcome the repulsive force and restore the 
object to its place. When a vessel of water was 
put into the magnetic field, and the experiment 
repeated, the cylinder being now in the water 
was attracted, and 54*.5 of torsion were re- 
quired to overcome this attraction at the given 
distance of 0.5. If the vessel had contained a 
fluid exactly equal in diamagnetic power to the 
cylinder of glass, neither attraction nor repul- 
sion would have been exerted on the latter, and 
therefore the torsion would have been 0®. Hence 
the three bodies, air, glass (the especial speci- 
men) , and water, have their relative force meas- 
ured in relation to each other by the three ex- 
perimental numbers 15®, 0®, and 54®.5. If other 
fluids are taken, as oil, ether, <&:c., and em- 
ployed as the media surrounding the same glass 
cylinder^ then the degrees of torsion obtained 
with each of them respectively, show its place 
in the magnetic series. It is the principle of the 
hydrometer or of Archimedes in respect to grav- 
ity applied in the case of the magnetic forces. 
If a different cylinder be employed of another 
sise or substance, or at a different distance, the 
torsion numbers will be different, and the zero 
(given by the cylinder) also different; but the 
media (with an exception to be made hereafter) 
wUl have the same relation to each other as in 
the former case. Therefore to bring all the ex- 
perimental results into one common relation, a 
Centigrade scale has been adopted bounded by 
air and water at common temperatures, or 60® 
F. For this purpose every separate series of re- 
sults made under exactly the same circum- 
stances included air and water; and then all 
the results of one series were multiplied by such 
a number as would convert the difference be- 
tween 9it and water into 100®: in this way the 
three results given above become 21®«6, 0®, and 
78®.4. By such a process the magnetic intervals 
between the bodies are obtained on the Centi- 
grade scale, but the true zero is not as yet deter- 
mined. Either water, or air, or the glass, may 
be assumed as the zero, the intervals not being 
in any way dependent upon that point, but the 
^bsults will then vary in expression thus:— 


all above the zero being paramagnetic, and all 
below diamagnetic, in lelataon to it. 1 have 
adopted a vacuum as the zero in the table of 
results to be given hereafter. 

In this manner it is evident that, upon prin- 
ciple, any solid, whatever its size, shape, or 
quality, may be included in the list, by its sub- 
jection to a magnet in air and in water, or in 
fluids already related to these: also that any 
fluids may be included, by the use of the same 
Immersed solid body for them, air and water; 
and also that by using the same vessel, as for 
instance the same glass bulb, and filling it suc- 
cessively with various gases and fluids, includ- 
ing alwasrs air and water in each series, these 
mcluded bodies may then have their resiilts re- 
duced and be entered upon the list. The follow- 
ing is a table of some substances esitmated on 
the Centigrade scale, and though there are 
many points both of theory and practice yet to 
be wrought out, as regards the use of the tor- 
sion-balance described, so that the results can 
only as yet be recorded as approximations, even 
now, the average of three or four careful exper- 
iments gives an expression for any particular 
substance under the same conditions of dis- 
tance, power, &c., near upon and often within 
a degree of the place assigned to it. The powers 
are expressed for a distance of 0.6 of an inch 
from the magnetic axis of the magnet as ar- 
ranged and described, and, of course, for equal 
volumes of the bodies mentioned. The extreme 
decimal places must not be taken as correct, 
except as regards the record of the exped- 
ments: they are the results of calculation. 
Hydrogen, nitrogen, and perhaps some other of 
the bo^es near zero, may ultimately turn out 
to be as a vacuum; it is evident that a very 
little oxygen would produce a difference, sudh 
as that which appears in nitrogen gas. The 
first solution of copper mention^ was colour- 
less, and the second the same solution oxidized 
by simple agitation in a bottle with air, the 
copper, ammonia, and water being in both the 
same. 


Frot-ammo. of copper 

134°.28 

Per-ammo. of copp^ 

119*.88 

Oxygen 

17*.6 

Air 

8'4 

Olefiant gas 

0»,6 

Kitrogen 

0«.8 

Vacuum 

p*.o 


(ConHnued an neast page) 
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Carbonic add gas 

0^0 

Hydrogen 

OM 

Ammonia gas 

0^6 

Cyanogen 

0®.9 

A glass 

18®.2 

Pure zinc 

74«.6 

Ether 

76®.3 

Alcohol, absolute 

78^7 

Oil of lemons 

80* 

Camphor 

82*.5g 

Camphine 

82*.96 

Lins^ oil 

85*.56 

Olive oil 

8fi*.0 

Wax 

86*.78 

Nitric acid 

87*.96 

Water 

96*.6 

Solution of ammonia 

98*.5 

Bisulphide of carbon 

99*.64 

Sat. sol. mtre 

100*.08 

Sulphuric acid 

104*.47 

Sulphur 

118* 

Chloride of arsenic 

121*,73 

Fused borate of lead 

136*.6 

Phosphorus 

Bismuth 

1967*.6 


PiCieker in his very valuable paper^ has dealt 
tvith bodies which are amongst the highly para- 
magnetic substances, and his estimate of pow- 
er b made for equal weights. 

One great object in the construction of an 
instrument delicate as that described was the 
investigation of certain points in the philos- 
ophy of magnetism; and amongst them espe* 
eisliy that of the right application of the law of 
the inverse square of the distance as the unir 
venal law of magnetic action. Ordinary mag- 
netic action may be divided into two kinds, 
that between magnets permanently magnet- 
ised and undiangeable in their condition, and 
tibat between bodies of which one is a perman- 
ent unchangeable magnet, and the other, hav- 
ing no magnetic state of its own, receives and 
r^ains its state only whilst in subjection to the 
8ivt. The former kind of action appears in the 
most ri^d and pure cases to be subject to that 
law; but it woidd be premature to assume be- 
forrimnd, and without abundant sufficient ev- 
idence, that the same law applies in the second 
set of cases also ; for a hasty assumption might 
be in opporition to the truth of nature, and 
therefore injurious to the progress of science, 
tQT the creation of a preconceived conclusion. 
We know not vdiether such bodies as oxygen, 
oopper, water, bismuth, Ac., owe their respeo- 

1 9syl0|r’s Mmnoin. VoL V. pp. 718. 
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tive parama|;iietk askl dhanagn^ 
a greater or less facUity of oonduotimi in reipsvd 
to the lines of magnetic force, or to somethfaig 
like a polarity of Ibeir particles or masses, or to 
some as yet unsuspect^ state; and there is lit- 
tle hope of our developing the true condition, 
and therefore the cause of magnetic action, if 
we assume beforehand the unproved law of ac« 
tion and reject the experiments that already 
bear upon it; for PlUclmr has distinctly stated 
as the fact, that diamagnetic force increases 
more rapidly than magnetic force, wh^ the 
power of the dominant magnet is increased; 
and such a fact is contrary to the law above 
enunciat^.The Mowing are further results 
in rdation to this point. 

When a body is submitted to the Areat un- 
changing Logeman magnet in air and m water, 
and the results are reduced to the Centigrade 
scale, the relation of the three substanoes re- 
mains the same for the same distance, but not 
for different distances. Thus, when a giv^ cjd- 
inder of flint-glass was submitted to the mag- 
net surrounded by air and by water, at the dis- 
tance of 0.3 of an inch, as already described, it 
proved to be diamagnetic in relation to both; 
and when the results were corrected to the C^- 
tigrade scale, and water made zero, it was 9^.1 
below, or on the diamagnetic side of watjsr. At 
the distance 0.4 of an inch it was 10^.6 bdow 
water: at the distance of 0.7 it was 12^.1 below 
water. Whenamore diamagnetic body, asheavy 
glass, was employed, the same result in a high- 
er degree was obtained; for at the distance of 
0.3 it was 37^.8 below water, and at that of OA 
it was 48^.6 beneath it. Bismuth presented a 
still more striking case, though, as the volume 
of the substance was necessarily small, equal 
confidence cannot be placed in the exactitude 
of the numbers. The remits are given below for 
the three substances, air being dways lOO^and 
water 0^; the first column of figures for each 
substance contains the distance^ in tenths of an 
indi from the axial line of the magnetic fidd, 
and the second, place in Centigrade maf- 
netic degrees bdow water. 

> A given efasags of distsaee neoeimdkr iapUsi 
change in degree of force, and dhange^in the forma of 
the lim of force; but it does not jinpbr alwiQre im 
game amount of tiiange. The forcei are not the laM 
at the game diatanoe of 0.4 of an inch in oppomte & 
reottone from the axial line towards m and n m the 
figure, page 880, nor at any otiher equal modevafo 
dwance; and though by increase and dianaation m 
cBstance the change ie in the same direction, it is not 
in the same wiipirtion* By fitly emngsa 
timia, it may Im made to altar ^th asdrame mMim 
in mm direction, and itith extreme tiownats or not 
all in aoothar. 
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VUnb'Omm 
0 J 8 — fi'.l 

a*— 10*.6 

0.5— IIM 
0 . 6 — 11«.2 
0.7— 12M 


BmryQlm 
(W-a7*.8 
0.4— 38' 6 
0.6— 40“.0 
0A-48*.6 
1.0— 51'.5 
1.2— 65'.6 


0 . 6 - 187 i^ 
1.0— SI784* 
1,5— 3626’* 


The result here is that the greater the die- 
taaoe of the diamagnetic body from the mag'* 
net the more diamagnetio is it in relation to 
water, taking the interval between water and 
air as the standard: and it would further ap- 
pear, if an opinion may be formed from so few 
experiments, that the more diamagnetic the 
body compared to air and water, the greater 
does this difference become. At first it was 
thought possible that the results might be due 
to some previous state induced upon the body, 
by its having been nearer to or farther from 
the magnet; but it was found that whether the 
progress of the experiments was from small to 
large distances, or the reverse; or whether, at 
any given distance, the object was previous 
to the measurement held close up to ^e mag- 
net or brought from a distance, the results 
were the same; no evidence of a temporary 
induced state could in any of these ways be 
found. 

It does not follow from the experiments, if 
they should be sustained by future researches, 
that it is the glass or the bismuth only that 
changes in relation to the other two bodies. It 
may be the oxygen of the air that alters, or the 
water, or more probably all these bodies; for if 
the result be a true and natural result in these 
cases, it is probably common to all substances. 
The great point is that the three bodies con- 
cern^, air, water, and the subject of the exper- 
iment, alter in the degree of their magnetic re- 
latioiis to eacA other; at different given distances 
fix>m the magnet the ratio of their magnetic 
power does not, according to the experiments, 
reniaui the same; and if that result be confirm- 
ed, then it cannot be includedby a law of action 
which is inversely as the square of the distance. 
A hydrometer floating in a fluid and subject to 
the gravity of the earth alone, would (other 
thingB be^g the same) stand at the same point, 
whether at tlra surface of the earth, or removed 
ipany diameters of the earth from it, because 
itmaetionof gravity is inversely as theequare of 
distance; but if we suppose the substance of 
the h3rdit)metw and the fluid to differ magnet- 
ieaVyi as water and bismuth do, and the earth 
to set as a magnet instead of by gravityi then 
thOhy^kcometer would, ai^^ 


iments, stand at a xBgermt pmnt for different 
distances, end if so could not be subject to the 
former law. 

The cause of this variation in the ratio of the 
substances one to another,if it befinally proved, 
has still to be searched out It may depend in 
some manner upon the forme of the lines of 
magnetic force, which are different at different 
distances; or not upon the forms of the lines^ 
but the amount of power at the different dkh 
tances; or not upon the mere amount, but on 
the circumstance that in every case the body 
submitted to experiment has Unes of dijS^ereni 
degrees of force passmg through different parts 
of it (for however different the magnetic or disr 
magnetic conditions of a body the fluid 
surrounding it, they would not move at tdl in 
relation to each other in a field of equal force) $ 
but whatever be the cairae, it will be a conconu^ 
taut of magnetic actions; and therefore 
to be included in the results of any law 
which it is supposed that these actions are 
governed. 

It has not yet been noticed that these gen- 
eral results appear to be in direct opposition to 
those of Plucker, who finds that diamagnetio 
power increases more rapidly than magnetic 
power with increase of force. But such a cm* 
cumstance, if both conclusions be accordant 
facts, only shows that we have yet a great deal 
to learn about the physical nature of this force; 
and we must not riiut our eyes to the first fee^ 
ble glimpses of these things, because they are 
inconsistent on both sides with our assumed 
laws of action; but rather seize them, as hof^ 
that they will give us the key to the truth ot 
nature. Bodies when subject to the power ^ 
the magnet appear to acquire a new physical 
state, which varies with the distance or tibe 
power of the magnet. Each body may have its 
own rate of increase and decrease; and that 
may be such as to connect the extr^e eSM 
of Plficker, amongst paramagnetic bocfies mi 
the one hand, and the extreme effects amongst 
diamagnetio bodies now described, on the 
er ; and when we understand all this rightly, ise 
may see the apparent contradiction become 
hannony, thou^ it may not ccmform to the 
law of the inverse square of the distance as we 
now try to apply it. 

PlUdosr has already said, because of hjbela* 
servationsiegardingparaiDagneticimdth^^ 
netic foroe, that no correct Ihit of mtipmfac 
substances can be given. Thesenfoeolkeeq^ei^ 
follows, though in a different direeti^ 
what hdtt MW been stated, aiiMlhei^ 
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vation before made (p. 821). Still the former 
table is given as an approximation, and it may 
be useful for a time. Before leaving this first 
account of recent experimental researches, it 
may be as well to state that they are felt to be 
imperfect and may perhaps even be overturn- 
ed; but that, as such a result is not greatly an- 
ticipated, it was thought well to present them 
to the Members of the Royal Institution and the 
scientific world, if peradventure they might ex- 
cite criticismandexperimentalexamination,and 
so aid inadvancingthecauseof physical science. 

On a former occasion^ the existence of phys- 
ical lines of force in relation to magnetism and 
electricity was inferred from the dual nature of 
these powers, and the necessity in all cases and 
at all times of a relation and dependence be- 
tween the polarities of the magnet, or the pos- 
itive and negative electrical surfaces. With re- 
spect to gravity a more hesitating opinion was 
expressed, because of the difficulty of observ- 
ing facts having any relation to ^tma, and be- 
cause two gravitating particles or masses did 
not seem to have any necessary dependence on 
each other for the existence or excitement of 
their mutual power A passage may now be 
quoted from Newton which has since been dis- 
covered in his works, and which, showing that 
he was an unhesitating believer in physical 
lines of gravitating force, must from its nature 
rank him amongst those who sustain the phys- 
ical nature of the lines of magnetic and elec- 
trical force: it is as follows, in words written to 
Bentley.-* “That gravity should be innate, in- 
herent and essential to matter, so that one body 
may act upon another at a distance through a 
vacuum, without the mediation of anything 
else, by and through which their action and 
force may be conveyed from one to another, is 
to me so great an absurdity, that I believe no 
man who has in philosophical matters a com- 
petent faculty of thinking, can ever fall into it. 
Gravity must be caused by an agent acting 
constantiy according to certain laws ; but wheth- 
er this agent be material or immaterial, I have 
left to the consideration of my readers.” 

On Eledric InducHon-^-Associated Cases e/ 
Currefd and Static Effects^ 

Certain phenomena that have presented 
themselves in the course of the extraordinary 

tSeep. 816. 

• PhuoBophMol Maoadnet 4ih 8me$t 1862, Vol. 

^ wirkii Horsley’s edition, 4to, 1788, 

Vcl«jW, p. 438, or the third letter to Bentley. 


expansion which the works of the Electric Tel- 
egraph Company have undergone appeared to 
me to offer remarkable illustrations of some 
fundamental principles of electricity, and strong 
confirmation of the truthfulness of the view 
which 1 put forth sixteen years ago, respecting 
the mutually dependent nature of induction, 
conduction, and insulation {Exp, Res., 1318, 
&c.). I am deeply indebted to the Company, 
to the gutta percha works, and to Mr. Latimer 
Clarke, for the facts; and also for the oppor- 
tunity both of seeing and showing them well. 

Copper wire is perfectly covered with gutta 
percha at the Company’s works, the metal and 
the covering being in every part regular and 
concentric. The covered wire is ususlly made 
into half-mile lengths, the necessary jmctions 
being effected by twisting or binding, And ulti- 
mately, soldering; after which the place is cov- 
ered with fine gutta percha, in such a planner 
as to make the coating as perfect there l|s else- 
where: the perfection of the whole operation is 
finally tried in the following striking manner, 
by Mr. Statham, the manager of the works. 
The half-mile coils are suspended from the sides 
of barges floating in a canal, so that the coils 
are immersed in the water, whilst the two ends 
of each coil rise into the air: as many as 200 
coils are thus immersed at once, and when their 
ends are connected in series, one great length 
of 100 miles of submerged wire is produced, the 
two extremities of which can be brought into a 
room for experiment. An insulated voltaic bat- 
tery of many pairs of zinc and copper, with di- 
lute sulphuric acid, has one end connected with 
the earth, and the other, through a galvanom- 
eter, with either end of the submerged wire. 
Passing by the first effect, and continuing the 
contact, it is evident that the battery current 
can take advantage of the whole accumulated 
conduction or defective insulation in the 100 
miles of gutta percha on the wire, and that 
whatever portion of electricity passes through 
to the water will be shown by the galvanom- 
eter. Now the battery is made one of intensity, 
in order to raise the character of the proof, and 
the galvanometer employed is of considerable 
delicacy; yet so high is the insulation that the 
deflection is not more than 5^. As another test 
of the perfect state of the wire, when the two 
ends of the battery are connect^ with the two 
ends of the wire, there is a powerful current of 
electricity shown by a much coarser instru- 
ment; but when any one junction in the course 
of the 100 miles is separated, the curreztt is 
stopped, and the leak or deficiency of 
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tion rendered m small as befoie. The perfec- 
tion and condition of the wire may be judged of 
by these facts. 

The 100 miles, by means of which I saw the 
phenomena, were thus good as to insulation. 
The copper wire was H®th of an inch in diam- 
eter: the covered wire was some was a little 
less, beuig ^2 in diameter: the gutta percha on 
the metal may therefore be considered as 0.1 of 
an inch in thickness. 100 miles of like covered 
wire in coils were heaped up on the jSoor of a 
dry warehouse and connected in one series, for 
comparison with that under water. 

Consider now an insulated battery of 360 
pairs of plates (4x3 inches) having one ex- 
tremity to the earth; the water wire with both 
its insulated ends in the room, and a good 
earth-discharge wire ready for the requisite 
communications: when the free battery end 
was placed in contact with the water wire and 
then removed, and, aftei wards, a person touch- 
ing the earth-discharge touch^ also the wire, 
he received a powerful shock. The shock was 
rather that of a voltaic than of a Leyden bat- 
tery: it occupied time, and by quick tapping 
touches could be divided into numerous small 
shocks: I obtained as many as forty sensible 
shocks from one charge of the wiie. If time were 
allowed to intervene between the chaigeand 
discharge of the wire, the shock was less; but it 
was sensible after 2, 3, or 4 minutes, or even a 
longer period. 

^en, after the wire had been in contact 
with the battery, it was placed in contact with 
a Statham^s fuse, it ignited the fuse (or even 
six fuses in succession) vividly, it could ignite 
the fuse 3 or 4 seconds after sepaiation from 
the battery. When, having been in contact with 
the battery, it was separated and placed in con- 
tact with a galvanometer, it affect the instru- 
ment very powerfully: it acted on it, though 
less powerfully, after the lapse of 4 or 5 min- 
utes, and even affected it sensibly 20 or 30 
minutes alter it had been separated from the 
battery. When the insulated ^vanometer was 
permanently attached to the end of the water 
wire, and the battery pole wm brought in con- 
tact with the free end of the instrument, it was 
most mstructive to see the great rudi of elec- 
tricity into the wire; yet after that was over, 
thoui^ the contact was continued, the defleo- 
ti(m was not more than 6®, so high was the in- 
sulation. Then separating the battery from the 
galvanometer, end touching the latter with the 
earth wire, it was just as striking to see the 
riieqtrioity rush out of the wire, holding for a 


time the magnet of the instrument in tiie in- 
verse direction to that due to the ingress or 
charge. 

These effects were produced equally wdl with 
rither pole of the battery or with eil^er end of 
the wire; and whether the electric condirion 
was conferred and withdrawn at the same end, 
or at the opposite ends of the 100 miles, made 
no difference in the results. An intensity bat- 
tery was required, for reasons which will be 
very evident in the sequel. That employed was 
able to decompose only a very small quantity 
of water in a given time. A Grove’s battery of 
eight or ten pair of plates, which would have 
far surpassed it in this respect, would have 
had scarcely a sensible power in affecting the 
wire. 

When the 100 miles of wire in the air were 
experimented with in like manner, not the 
shghtest signs of any of these effects were pro- 
duced. There is reason, from principle, to be- 
lieve that an infinitesimal result is obtainaUe, 
but as compared to the water wire the action 
was nothing. Yet the wire was equally well and 
better insulated, and as regarded a constant 
current, it was an equally good conduotor.This 
point was ascertained, by attaching the end of 
the water wire to one galvanometer, and the 
end of the air wire to another like instrument; 
the two other ends of the wires were fastened 
together, and to the earth contact; the two free 
galvanometer ends were fastened together, and 
to the free pole of the battery; in tUs manner 
the current was divided between the air and 
water wires, but the galvanometer were af- 
fected to precisely the same amount. To make 
the result more certain, these instruments were 
changed one for the other, but the deviations 
were still alike; so that the two wires conduct- 
ed with equal facility. 

The cause of the first results is, upon consid- 
eration, evident enough. In consequence of the 
perfection of the workmanship, a Leyden ar- 
rangement is produced upon a large scale; the 
copper wire Imomes dwged statically with 
that electricity which the pole of the battery 
connected with it can supply;^ it acts by induci* 
tion through the gutta percha (without whidi 
induction it could not itself b^me charged, 
jExp, Bee., 1177), producing the opposite state 
on the surface of the water touohbg the gutta 
percha, which forms the outer coating of this 
curious arrangement. The gutta percha aerost 
which the induction occurs, is only 0.1 of an 
inch thick, and the extent of the coating is 

» Pavv* Aiiaffito af CnaviM pu 



826 FAEADAV Itn. 


mfmiA. The surface ol the copper wire is nearly 
6300 square feet, and the suHaoe of the outer 
coating of water is four times that amount, or 
83,000 square feet. Hence the striking charac- 
ter of the results. The intensity of the static 
diarge acquired is only equal to the intensity 
at the pole of the battery whence it is derived; 
but its quantity is enormous, because of the 
immense extent of the Leyden arrangement; 
and hence when the wire is separated from the 
battery and the charge employed, it has all the 
powers of a considerable voltaic current, and 
gives results which the best ordinary electric 
machines and Leyden arrangements cannot as 
yet approach. 

That the air wire produces none of these ef- 
fects is simply because there is no outer coat- 
ing correspondent to the water, or only one so 
far remov^ as to allow of no sensible induc- 
'^iicm, and therefore the inner wire cannot be- 
come charged. In the air wire of the warehouse, 
the floor, walls, and ceiling of the place consti- 
tuted the outer coating, and this was at a con- 
siderable distance; and in any case could only 
affect the outside portions of the coils of wire. 
I understand that 100 miles of wire stretched 
in a line through the air, so as to have its whole 
extent oppos^ to earth, is equally inefficient 
in showing the effects, and there it must be the 
distance of the indu(^ric and inducteous sur- 
faces (1483), combined with the lower speciflc 
inductive capacity of air, as ccnnpared with 
gutta percha, which causes the negative result. 
The phenomena altogether offer a beautiful 
case of the identity of static and dynamic elec- 
tricity. The whole power of a considerable bat- 
tery may in this way be worked off in separate 
poitioi», and measured out in units of static 
foiroe, and yet be employed afterwards for any 
CKT every purpose of voltaic dectricity. 

I now proceed to further consequences of as- 
sodated static and dynamic effects. Wires cov- 
ered with gutta percha, and then enclosed in 
tubes of le^ or of iron, or buried in the earth, 
or Bimk in fte sea, exhibit the same phenom* 
ena as those described; the like static inductive 
action being in all these cases permitted by the 
conditions. Such subterraneous wires exist be- 
tween London and Manchester, and when they 
are all connected together so as to make one 
series, offer above 1800 mites; which, as the 
duplications return to London, can be observed 
by one experimenter at intervals of about 
4m mites, by the introduction of galvanom- 
etem at tii^ retmm Thu 
Isirth of it, psosenled all the phenomena al- 


ready described; the oidy diffsrenee was ttut 
as the insulation was not so perfect the charged 
condition fell more rapidly. Considw 750 mfles 
of the wire iu one Im^h, a galvanometer a be- 
ing at the beginning of &e wire, a second gah' 
vanometer b in the middle, and a third c at Ibe 
end: these three galvanometers being in the 
room with the experimenter, and the third c 
perfectly connect^ with the earth. On bring- 
ing the pole of the battery into contact wi& 
the wire through the galvanometer a, that in- 
strument was instantly affected; after a sensi- 
ble time h was affected, and after a still longer 
time c: when the whole 1500 miles were in- 
cluded, itmquired two seconds for the electric 
stream to reach the last instrument. Again; all 
the instruments being deflected (of cburse not 
equally because of the electric leakage along 
the line), if the battery were cut off & a, that 
instrument instantly fell to sero; but A did not 
fall until a little while after; and c only after a 
still longer interval; a current flowing on to 
the end of the wire whilst there was none flow- 
ing in at the beginning. Again; by a short touch 
of the battery pole against a, it could be de- 
flected and could fall back into its neutral con- 
dition, before the electric power had reached 6; 
which in its turn would be for an instant af- 
fected, and then left neutral before thef power 
had reached c; a wave of force having been 
sent into the wire which gradually travelled 
along it, and made itself evident at successive 
intervals of time, in different parts of the wire. 
It was even possible, by adjusted touriies of 
the battery, to have two simultaneous waves 
in the wire, following each other, so that at the 
same moment that c was affected by the first 
wave, a or 6 was affected by the second; and 
there is no doubt that by the multiplication of 
instruments and close att^tion, four or fire 
waves might be obtained at once. 

If after making and breaking battezy con- 
tact at a, a be immediately connected with the 
earth, then additional interesting ^eots occurs 
Part of the eleotrioity which is in the wire w3l 
return, and passing through a will deflect it in 
the reverse direction; so that currents will flow 
out of both extremities of the wire in oppotite 
directions, whilst no current is going into It 
from any source. Or if o be quickly put to tim 
battery and then to the earth, it wffl show 
eumnt first entering into the wire^ and tbsu 
returning out of the wire at the same placie; m 
sentible part of it ever traveliSng en to 5 or 
When anak wave of equal extent 
mented witii in lite mamker, im 




time axe or if, goidod by prindplo, 

ibeamngem^ts are such as to be searebJng, 
tb^ ai^ perceived only in a very slight degree, 
and disappear in comparison with the former 
gross results* The effect at the end of the very 
long sir wire (or o) is in the smallest degree bi^ 
hind the effect at galvanometer a; and the ac* 
cumulation of acharge in the wire is not sensible* 
All these results as to time, &c., evidently 
depend upon the same condition as that which 
pr^uced the former effect of static charge, 
namely laieral vnduciUm; and are necessary con*- 
sequences of the principles of conduction, in- 
sulation, and induction, three terms which in 
their meaning are insepar- 
able from each other (Exp. 
Rea., 1320, 1326, ^ 1338, 1661, 
&c.). If we put a plate of 
shellac upon a gold-leaf elec- 
trometer and a barged carrier 
(an insulated mebd ball of 
two or three inches diameter) 
upon it, the electrometer is 
diverged; removmg the car- 
rier, this divergence instantly 
falls; this is insidaHon and 
induction: if we replace the 
shellac by metal, the carrier 
causes the leaves to diverge 
as before, but when removed, though after 
the short^t possible contact, the electroscope 
is left diverged; this is oimdwiion. If we 
employ a plate of spermaceti instead of the 
metal, and repeat the experiment, we find the 
diveigence pakly falls and partly remains, be- 
cause the spermaceti insulates and also con- 
ducts, doing both imperfectly; but the shellac 
also conducts, as is shown if time be allowed; 
and the metal also obstructs conduction, and 



s 1326. All these considerations impress my mind 
strongly with tiie conviction, that insulation and 
ordinary conduction cannot be properly scwat^ 
when we are examining into their nature: mt is* 
into the general law or laws under which their phe- 
nomena are produced. They appeu to me to consist 
in aPr action of oontiguous particles, dependent on 
m fo/m developed in electrical excitement; these 


ries have a power or capability of co mm u ni cating 
thes^proea, one to the other, by which they are 
lowme^and discharge occurs. Every body appem 
to disohisres (444, 987); but the possession of this 
QtmabUitr in a ormtUr or amaUer deoree m different 
bodiaa. thm better or worse conductors, 

wSSoor better insulators: and both induction and 
mimim appear to be the same in their pnnai;^ 

itSMMMlft 111# IWBwr, it «o#ni* to tli#^ «■•#, m 
tint toaHwIil# quanbtr. 


thnefore w h Aowu by 

mteemmia. F«r if a eopp» win, 74 kxft fa 
lengtii and Hitii of «a iA^ in <SametAr> bft in* 
Bulated ia the air, havjngiita md at a aietal 
bail; its end e oonneeted with tiie eaith, and 
the parte near m and e brought within fa^f an 
inch of each other, aa at «; titen an ordinaty 
Leyden jar being charged suffieieotly, its out- 
side connected with e and its inside wi& m, 
will give a diarge to the wire, wtdeh instead of 
travelling wiudly through it, though it be so 
excellent a conductor, will pass in huge jno- 
portiim through the air at «, as a brig^it siMuh; 
for with such a length of wire, the resistanoe in 
it is accumulated until it becomes as much, or 
perhaps even more, than that of the adr, for 
electricity of such high intensity. 

Admitting that such and similar experiments 
show that conduction through a wire is p«- 
ceded by the act of induction (1338), thmi ail 
the phenomena presented by the submerged or 
subterranean wires are explained; and in Uudr 
explanation confirm, as 1 think, the ptinciidee 
given. After Mr. Wheatstone had, m 1884, 
measured the velocity of a wave of dectridtiy 
tiirouidi a copper wire, and gjven it as 288,000 
miles in a second, I said, in 1838, upon the 
strength of these principles (1333), “that the 
velocity of discharge timiugh the some totoe 
may be greatly varied, by attending to tbe cir- 
cumstances which cause variations of disehaige 
through spermaceti or sulphur. Thus, for in. 
stance, it must vary with the tension or intMlr- 
sity of the first urging force, which toosion ie 
charge and induction. So if the two ends of tbe 
wire in Professor Wheatstone’sexperimentwmo 
immediatdy connected with two large insuiai* 
ed metallic surfaces exposed to the air, so tilat 
tbe primary act of induction, aftw making the 
contact for diaebarge, might be in part rtoioved 
from tbe internal portion of the wire at the fiirit 
instant, and disposed for the mennent on its 
surface jomtiy with the air and surrounding 
conductors, then I varture to aatidpate that 
the middle sparic would be more reta^ed than 
befme: «id if these two plates were tbe inner 
and outer coating of a large jar, or a Leyden 
battery, then tiie retardation at that spark 
would be still greater.” Now this is precosdy 
tbe case of the submerged or (mbtaanneoue 
wires, exoept timt instead of eatryJ^itiwfir eon* 
faces towards the indueteous costingi (1488), 
the ktter an brought near the foiiaer; in 
oases the induction eonsequent upon iheigsy 
instead of bdig exerted almnst entireljr at m 
incnnent wtiihin the wii% ia to « vary Jwip <D^ 
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taut determined externally; and eo the dis^ water wire, connected at tiie farther extremity 


charge or conduction being caused by a lower 
tension, therefore requires a longer time. Hence 
the reason why, with 1500 miles of subterran- 
eous wire, the wave was two seconds in passing 
from end to end; whilst with the same length 
of air wire, the time was almost inappreciable. 

With these lights it is interesting to look at 
the measured velocities of electricity in wires 
of metal, as given by different experimenters. 

Miles per second 


^ Wheatstone in 1834, with copper wire 
made it 288,000 

^ Walker in America with telegraph iron 
wire 18,780 

^ O’Mitchell in America with tdegraph 
iron wire 28,524 

^ Fizeau and Gonnelle (copper wire) 1 12,680 

^ Ditto (iron wire) 62,600 

* A. B. G. (copper) London and Brussels 

Tdegraph 2,700 

* A. B. G. (copper) London and Edin- 
burgh Telegraph 7,600 


Here, the difference m copper is seen by the 
first and fifth result to be above a hundredfold. 
It is further remarked in Liebig’s report of Fi- 
seau’s and Gonnelie’s experiments, that the ve- 
locity is not proportional to the conductive ca- 
pacity, and is independent of the thickness of 
the wire. All these circumstances and incom- 
patibilities appear rapidly to vanish, as we rec- 
ognise and take into consideration the lateral 
induction of the wire carrying the current. If 
the velocity of a brief electric discharge is to be 
ascertained in a given length of wire, the sim- 
ple circumstances of the latter being twined 
round a frame in small space, or spread through 
the air through a large space, or adhering to 
walls, or lying on the ground, will make a dif- 
ference in the results* And in regard to long 
circuits such as those described, their conduct- 
ing power cannot be understood, whilst no ref- 
erence is made to their lateral static induction, 
or to the conditions of intensity and quantity 
which then come into play; especially in the 
ease of short or intennitting currents, for then 
static and dynamic are continually passing into 
each other. 

It has already been said that the conducting 
power of the air and water wires is alike for a 
cemstant current. This is in perfect accordance 
with the principles and with the definite char- 
acter of the electric force, whether in the static 
or current or tranation state. When a voltaic 
current of a certain intensity is sent into a long 

1 Lkbig and Kopp^$ report, 1850 (trai«lated),p. 168. 

« AUmmuimf Imt Januavy, 1864, p. 54. 


with the earth, part of the force is in the first 
instance occupi^ in raismg a lateral induction 
round the wire, ultimately equal in intensity at 
the near end to the intensity of the battery 
stream, and decreasing gradually to the earth 
end, where it becomes nothing. Whilst this in- 
duction is rising, that within tiie wire amongst 
its particles is beneath what it would otherwise 
be; but as soon as the first has attained its max- 
imum state, then that in the wire becomes pro- 
portionate to the battery intensity, and there- 
fore equals that in the air wire, in which the 
same state is (because of the absence of lateral 
inductipi]^ almost instantly attained. Then of 
course they discharge alike and therefore con- 
duct alike. 

A striking proof of the variation o\ the con- 
duction of a wire by variation of its lateral 
static induction, is given in the experiment 
proposed sixteen years ago (1333). If, fusing a 
constant charged jar, the inWval a, page 827, 
be adjusted so that the spark shall freely pass 
there (though it would not if a little wider), 
whilst the short connecting wires n and o are 
insulated in the air, the experiment may be re- 
peated twenty times without a single failure; 
but if after that n and o be connected with the 
inside and outside of an insulated Leyden jar, 
as described, the spark will never pass across 
s, but all the chaige will go round the whole of 
the long wire. Why is this^ The quantity of 
electricity is the same, the wire is the same, its 
resistance is the same, and that of the air re- 
mains unaltered; but because the intensity is 
lowered, through the lateral induction momen- 
tarily allowed, it is never enough to strike across 
the air at a; and it is finally altogether occupied 
in the wire, which in a little longer time than 
before, effects the whole discharge. M. Fizeau 
has applied the same expedient to the primary 
voltaic currents of Rhumkorff’s beautiful in- 
ducting apparatus, with great advantage. He 
thereby r^uces the intensity of these currents 
at the moment when it would be very disad- 
vantageous, and gives us a striking instance of 
the advantage of viewing static and d 3 mamic 
phenomena as the result of the same laws. 

Mr. Clarke arranged a Bains* printing tele- 
graph with three pens, so that it gave beautiful 
illustrations and records of facts like thosestat- 
ed: the pens are iron wires, under which a band 
of paper imbued with ferro-prussiate of potaa- 
sa passes at a regular rate by clock-work; and 
thus regular lines of prussian blue are produced 
whenever a current is transmitted, and tiie 
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time of the current » recorded. In the caae to 
be described! the three lines were side by side, 
and about 0.1 of an inch apart. The pen m be- 
longed to a circuit of only a few feet of wire, 
and a separate battery; it told whenever the 
contact key was put down by the finger; the 
pen n was at the earth end of the long air wire, 
and the pen o at the earth end of the long sub- 
terraneous wire; and by anangement, the key 
could be made to throw the electricity of the 
chief battery into either of these wires, simul- 
taneously with the passage of the short circuit 
current through pen m. When pens m and n 
were in action, the m record was a regular line 
of equal thiclmess, showing by its length the 
actual time during which the electricity flowed 
into the wires; and the n lecord was an equally 
regular line, parallel to, and of equal length with 
the former, but the least degree behind it; thus 
indicating that the long air wire conveyed its 
electric current almost instantaneously to the 
farther end. But when pens m and o were in ac- 
tion, the 0 line did not begin until some time 
after the m line, and it continued after the m 
line had ceased, i.e., after the o battery was cut 
off. Furthermore, it was faint at first, grew up 
to a maximum of intensity, continued at that 
as long as battery contact was continued, and 
then gradually diminished to nothing. Thus 
the record o showed that the wave of power 
took time in the water wire to reach the far- 
ther extremity; by its first faintness, it showed 
that power was consumed in the exertion of 
lateral static induction along the wire; by the 
attainment of a maximum and the after equal- 
ity, it showed vhen this induction had become 
proportionate to the intensity of the battery 
current; by its beginning to diminish, it showed 
when the battery current was cut off; and its 
prolongation and gradual diminution showed 
the time of the outflow of the static electricity 
laid up in the wire, and the consequent reg- 
ular falling of the induction which h^ been as 
regularly raised. 

With the pens m and o the conversion of an 
intermitting into a continuous current could 
be beautifully shown; the earth wire by the 
static induction which it permitted, acting in a 
manner analogous to the fly-wheel of a steam- 
^gine, or the air-spring of a pump. Thus when 
the contact key was regularly but rapidly de- 
pressed and laised, the pen m made a series of 
short lines separated by intervals of equal 
length. After four or more of these had passed, 
then pen 0 , belonging to the subterraneous 
wire, began to mate its mark, weak at first, 


th^ rising to a maxmuim, but always oontintt*^ 
oua. If the action of the contact k^ was less 
rapid, then alternate thickening and attenua- 
tions appeared in the o record; and if the intro- 
ductions of the electric current at the one md 
of the earth wire were at still longer intervals, 
the records of action at the other end became 
entirely separated from each other: all showing 
most dutifully, how the individual current 
or wave, once introduced into the wire, and 
never ceasing to go onward in its course, could 
be affected in its intensity, its time, and other 
circumstances, by its partial occupation in stat- 
ic induction. 

By other arrangements of the pens n and o, 
the near end of the subterraneous wire could 
be connected with the earth immediately after 
separation from the battery; and then the back 
flow of the electricity, and the time and man- 
ner thereof, were beautifully recorded; but I 
must refrain from detailing results which have 
already been described in principle. 

Many variations of these experiments have 
been made and may be devised. Thus the ends 
of the insulated battery have been attached to 
the ends of the long subterraneous wire, and 
then the two halves of the wire have given back 
opposite return currents when connected with 
the earth. In such a case the wire is positive 
and negative at the two extremities, being per- 
manently sustained by its length and the bat- 
tery, in the same condition which is given to 
the short wire for a moment by the Leyden dis- 
charge, p. 827; or, for an extreme but like case, 
to a filament of shellac having its extremities 
charged positive and negative. Coulomb point- 
ed out the difference of long and short as to the 
insulating or conducting power of such fila- 
ments, and the like difference occurs with long 
and short metal wires. 

The character of the phenomena described 
in this repoit, induces me to refer to the terms 
intensity and giumtity as applied to electricity; 
terms which I have had such frequent occasion 
to employ. These terms, or equivalents toe 
them, cannot be dispensed with by those who 
study both the static and the d 3 mamic rslatio&B 
of electricity; every current where there is re* 
sistance has the static element and induction 
involved in it, whilst every case of insidation 
has more or less of the dynamic elemiat and 
conduction; and we have seen that with the 
same voltaic source, the same current hi the 
same length of the same wire^ gives & diSdrent 
result as the intensity is made to vary, with 
variations of the mduction around the wire. 
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Tlieid«toofinteivBttyortiiep()f^ 
leBistaace is as necessary to that t»f eleotiicity, 
dither static or current, as the idea of pressure 
is to steam in a boiler, or to air passing through 
apertures or tubes; and we must have language 
competent to express these conditions and these 
ideas. l\irthermore, I have never found either 
of these terms lead to any mistakes regarding 
deetrical action, or give rise to any false view of 
the character of electricity or its unity. I can- 
not find other terms of equally useful signtfi^ 
canoe with these; or any which, conve 3 dng the 
same ideas, are not liable to such misuse as 
these may be subject to. It would be affecta- 
tion, therefore, in me to search about for other 
wends; and besides that, the present subject has 
shown me more than ever their great value and 
peculiar advantage in electrical language. 


* Hie fuse referred to in page 825, is of the fol- 
lowing nature. Some copper wire was covered 
with sulphuretted gutta percha; after some 
months it was found that a film of sulphuret of 
copper was formed between the metal and the 
envdope; and further, that when half the gutta 
percha was cut away in any place, and then 
the copper wire removed by about ^ of an inch, 
so as to remain connected only by the film of 
sulphuret adhering to the remaining gutta 
percha, an intensity battery could cause this 
sulphuret to enter into vivid ignition, and fire 
gunpowder with the utmost ease. Gunpowder 
was fired with certainty at the end of dght 
mfies of single wire; and also through 100 miles 
of covered wire immersed in the canal, by the 
use of this fuse. 


On Sms Ptrints of Magnetic Phiheopky^ 


8300. WiTfiXK the last three years I have 
been bold enou^, though only as an experi- 
jnotitdist, to put forth new views of magnetic 
action in papers having for titles, lines of 
Magnetic Force, and ^*On Physical lines of 
Magnetic Foroe/^* The first paper was dmply 
an attempt to give, for the use of experimen- 
talMs and others, a correct expression of the 
dual nature, amount, and direction of the mag- 
netic po^r both within and outdde of mag- 
nets, tt^Mirt from any assumption regarding the 
ebaineCer erf the souroe of power; that the 
musd, k reasoning f o^rward towards new devd- 
opmi^ and dismveries, might be free from 
tito bondage and deteterious influence of aa- 


iFrom tbs PkOoeopkM MeofoeiiteiwWebmtar^ 
Ifitti. 

4 PM. SVviftt. 1852.p.a5. 
tPM Afar, im, A&a. p. 401. 


suruptions of such a nature (8075) . Thie second 
paper was a speculation respecting the possilrfe 
physical nature of the force, as existing outside 
of the magnet as well as within it, and within 
what are called magnetic bodies, and was 
pressly described as bting entirely hypothet- 
ical in its character. 

3301. There are at present two, or rather 
three general hypotheses of the physical nature 
of magnetic action. First, that of ethers, carry- 
ing with it the idea of fluxes or currents, and 
this Euler has Set forth in a simple manner to 
the unmathematical philosopher in his LeU&ref 
in that hypothesis the magnetic fluid or ether 
is suppoa^ to move in streams through mag- 
nets, and also the space and substantes around 
them. Then there is the hypothesis oil two mag- 
netic fluids, which being present imall mag- 
netic bodies, and accumulated at the voles of a 
magnet, exert attractions and repulsions upon 
portions of both fluids at a distanced and so 
cause the attractions and repulsions of the dis- 
tant bodies containing them. Lastly, there is 
the hypothesis of Ampere, which assumes the 
existence of electrical currents round the par- 
ticles of magnets, which currents, acting at a 
distance upon other particles having like cur- 
rents, arranges them in the masses to which 
they belong, and so renders such masses sub- 
ject to the magnetic action. Each of these ideas 
is varied more or less by different philosophers, 
but the three distinct expressions of them which 
1 have just given will suffice for my present pur- 
pose. My physico-hypothetical notion does not 
go so far in assumption as the second and third 
of these ideas, for it does not profess to say how 
the magnetic force is originated or sustained 
in a magnet; it falls in rather with the first 
view, yet does not assume so much. Accepting 
the magnet as a centre of power surrounded by 
lines of force, whidi, as representants of the 
power, are now justified by mathematical an- 
alysis (3302), it views these lines as phgeioed 
lines of power, essential both to the existenoe 
of the force within the magnet, and to its con- 
veyance to, and exertion upon, magnetic bod^ 
ies at a distance. Those who entertaip in any 
degree the ether notion might consider these 
Unis as currents, or progressive vibrations, or 
as stationary undulations, or as a state of tasip 
tion. For many reasons they should be eon- 
templated remnd a wire canying an eleojteifi 
current, as well as when issuing from a mnigr 
netic pole. 

• LeiUret translated, ISOS, Vcl. 2, ||^ MSf 
Vol.n,pf».240,m ^ ^ 



6 QUii 0 iit ]pQa.thi9iMticiatiB has faUen upoti Day 
{MToposition to rapreaent the ma^etie power 
lines of ms^etio force; and it is to me a source 
of great gratification and much encouragement 
to find that they afiinn the truthfulness and 
generality of themetlmd of representation. Pro- 
fessor W» Thomson, in referring to a like view 
of lines of force applied to static electricity 
(3.295, 1304), and to Fourier’s law of motion 
for beat, says that the lines of force give the 
same mathematical results of Coulomb’s the- 
ory, and by more simple processes of analysis 
(if possible) than the latter;^ and afterwards 
refero to the '^strict foundation for an analogy 
on which the conducting power of a niagn/etic 
medium for lines of force may be spoken of.”® 
Van Rees has published a mathematical paper 
on my lines of force in Dutch,® which has b^n 
transferred into Poggendorff’s Annden,^ and 
of which I have only a very imperfect Imowl- 
edge by translated abstracts. He objects, as I 
understand, to what I may call the ph 3 rsical 
part of my view os assigning no origin for the 
lines, and as not piesenting the higher princi- 
ple conveyed by the idea of magnetic fluids or 
of electric currents he says it does not displace 
the old theories, or render them superfluous; 
but I think I am right in believing that, as far 
as the lines are taken to be representations of 
the power, he accepts them as coirect repre- 
sentations, even to the full extent of the hy- 
potheses, either of magnetic fluids or electric 
currents. It was always my intention to avoid 
substituting anything in place of these flukts 
or currents, that the mind might be delivered 
from the bondage of preconceived notions, but 
for those who desire an idea to rest upon, there 
is the old principle of the ethers. 

3303. The encouragement 1 derive from this 
appreciation by mathematicians of the mode 
of figi^ring to one’s self the magnetic forces by 
lines, emtoldens me to dwell a little more upon 
the l^her point of the true but unknown nat- 
ural magnetic action. Indeed, what we really 
want is not a variety of different methods of 
representing the forces, but the one tme phys* 
icjsl rignification of that which is rendered ap- 
paient to us by the phenomena, and the laws 
goveming them. Of fl>e two assumptions most 
neiia&y en^rtainsd at present, magnetic fluids 
a^d etootiic currents, owe must be wrong, per- 

Aead, Seienees of AnuMemt 1354, 
Amudeih IBM Vd. XC, p. 415* 
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haps hidk are; and 1 ni* pereeiifie tlidt ttii 
mathematidaj^ even tfaottiJhlm may tl^ 
each contabs a higher principle than siny I 
have advanced, can tell the true from the {ais% 
or say that rither is true. N either of these viswa 
could have led the mind to the phenomma of 
diamagnetism, and I think not to the magnetie 
rotation of ii^t; and I suppose that if the 
question of the possibility of diamagnetie phe^ 
nomena could have been asked beforehand» a 
mathematician, guided by either hypothei^, 
must have denied that possibility. The notion 
that I have introduced compUoates the matter 
still further, for it is inconsistent with, dther of 
the former views, so long as they depend ex* 
ciusively upon action at a distance without in* 
termediation; and yet in the form of lines of 
foice it represents magnetic actions truly in all 
that is not hypothetical. So that there are now 
thiee fundamental notions, and two of them at 
least must be impossible, i.e., untrue. 

3304. It is evident, therefore, that our phys* 
ical views are very doubtful; and I think g(^ 
would result from an endeavour to sfac^e ouiv 
selves loose from such pieconceptions as are 
contained in them, that we may contemplate 
for a time the force as much as possible in its 
purity. At present we cannot think of polarity 
without feeling ourselves drawn into one or tim 
other of the two hypotheses of the origin of po* 
iar powers ; and as mathematical considerations 
cannot give a decision, we feel as if the subject 
were in that same doubtful condition wboh 
bung over tiie conflicting theories of li^t prior 
to the researches of modem time; but as there 
the use of Wheatstone’s reflector, oombined 
with Arago’s suggestion of a decisive expert* 
ment, and its realisation by Leon Foucault^ ap* 
pear to have settled that question, so we m^ 
hope by a due exertion of judgement, united 
with experiment, to obtain a resolution of (be 
magnetic difficulty also. 

%05« If we could tell the diaposftiow of tiba 
force of a magnet, first at the idaoe of its oriigjm 
and next in the space around, we should tbeh 
have attained to a very important position in 
the pursuit of our subject; and if we cpuld do 
that, assuming little or notldng. then,wesh(|M^ 
be in the very best oonditioa for carrying 1m 
pursuit further. Supposing that we inotaiibiB 
the magwet a sort of sun (as Ibem ei^ 
sem to bdie^ ifasri; the sun is a magnet 
ised, with antithetical powers, ever m 
space aiound H with its Curved beama as 
the sun or a candle fills apace with 
rays; and supposing that sueh a vtow takes 
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«4ual poritioii with either of the two former 
views in r^resenting truly the disposition of 
the forces, and that mathematical considera- 
tions cannot at present decide which of the 
three views is either above or inferior to its co- 
rivals; it surely becomes necessary that physi- 
cal reasoning should be brought to bear upon 
the subject as largely as posrible. For if there 
be such physical lines of magnetic force as cor- 
respond (in having a real existence) to the rays 
of light, it does not seem so very impossible for 
experiment to touch them; and it must be very 
important to obtain an answer to the inquiry 
respecting their existence, especially as the an- 
swer is litely enough to be in the affirmative. I 
therefore purpose, without asserting anything 
regarding the physical h 3 ^the 6 i 6 of the mag- 
net more strongly than before (3299), to call 
the attention of experimenters, in a somewhat 
desultory manner, to the subject again, both 
as respects the deficiency of the present ph 3 rs- 
ical views and the possible existence of lines of 
physical force, concentrating the observations 
I may have to make about a few points — as 
poUmiy, duality, &c., as occasion may best 
serve; and I am encouraged to make this en- 
deavour by the following considerations. 1, The 
confirmation by mathematicians of the truth- 
fulness of the abstract lines of force in repre- 
senting the direction and amount of the mag- 
netic power; 2, My own personal advantageous 
use of the lines on numerous occasions (3174) ; 
8, The close analogy of the magnetic force and 
the other dual powers, either in the static or 
dynamic state, and especially of the magnet 
with the voltaic battery or any other sustain- 
ing source of an electric current; 4, Euler’s idea 
of magnetic ethers or circulating fluids; 5, The 
strong conviction expressed by Sir Isaac New- 
ton, that even gravity cannot be carried on to 
fwoduce a distant effect except by some inter- 
posed agent^ fulfilling the conditions of a phys- 
ical line of force; 6, The example of the conflict 
and fi^ experimental settlement of the two 
theories of li^t 

3806. I b^ve that the use by me of the 


> Newton says, *'That gravity should be innate, 
inhiM'ent, and essential to matter, so that one body 
may sot upon another at a distance through a roe- 
uum, without the mediation of anything else, by and 
through which their action and force may be oon- 
vsyed from one to another, is to me so great an ab- 
suKhty, that 1 believe no man who has in philosoph- 
ieai matters a competent faculty of thinking can 
ever fan into it. Gravity must be oaOsed by an agent 
aefehm constantly according to certain laws; but 
irother this agent be material or immaterial I have 
figt to the consideration of my readera.*' See the 
third letter to Bentley. 


phrase '^places of force” hag been considered 
by some as objectionable, inasmurii as it would 
seem to anticipate the (iecision that there are 
physical lines of force. I will endeavour so to 
use it, if necessary, as not to imply the asser- 
tion. Nevertheless I may observe that we use 
such a phrase in relation to a ray of light, even 
in those parts of the ray where it is not extin- 
guished, and where therefore we have no better 
^owledge of it or its existence than in similar 
magnetic cases; and we also use the phrase 
when speaking of gravity in respect to places 
where no second body to gravitate upon is pres- 
ent, and where, when existing, it cannot, ac- 
cording to our present views, cause|the gravi- 
tating force of the primary body, or even the 
determination of it, upon that particular place. 

Magnetic Pdarity 

8307. The meaning of this phrase is rapidly 
becoming more and more uncertain. In the ord- 
inary view, polarity does not necessarny touch 
much upon the idea of lines of physical force; 
yet in the one natural truth it must either be 
essential to, and identified with it, or else ab- 
solutely incompatible with, and opposed to it. 
Coulomb’s view makes polarity to depend up- 
on the resultant in diiection of the action of 
two separated and distant portions of two mag- 
netic fluids upon other like separated portions, 
which are either originally separate, as in a 
magnet, or are induced to separate, as in soft 
iron, by the action of the dominant magnet; it 
is essential to this hypothesis that the polarity 
force of one name should repel polarity force of 
the same name and attract that of the other 
name. Ampere’s view of polairty is that there 
are no magnetic fluids, but that closed currents 
of electricity can exist round particles of mat- 
ter (or round masses), and that the known ex- 
perimental difference on the opposite sides of 
these currents, shown by attraction and repul- 
sion of other currents, constitutes polarity. Am- 
pere’s view is modifi^ (chiefly by addition) in 
various ways by Weber, De la Rive, Matteuc- 
ci, and others. My view of polarity is founded 
upon the character in direction of the force it- 
self, whatever the cause of that force may be, 
and asserts that when an electro-conducting 
body moving in a constant direction near or 
between bodies acting magnetically on them- 
selves or each other, has a current in a constant 
direction produced in it, the magnetic polarity 
is the same; if the motion or the current be re- 
versed, the contrary polarity is indicated. 
indication is true dther for the exterior or the 
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interior of ma^etic bodies whenever the dec- 
trie current is produced, and depends upon the 
unknown but essential dual or antithetical na- 
tureoftheforcewhichwecallmagnetism (3154). 

3308. The numerous meanings of the te!rm 
polarity i and various interpretations of polar- 
ity indicationa at present current, show the in- 
creasing uncertainty of the idea and the word 
itself. Some consider that the mere set or at- 
traction, or even repulsion, shown by a body 
when subiect to a dominant magnet is suffice 
ent to mark polarity, and I think it is as good a 
test as any more refined arrangement (2693) 
when the old notion of polarity only is under 
consideration. Others require that two bodies 
under the power of a dominant magnet should 
by their actions show a mutual relation to each 
other before they can be considered as polar. 
Tyndall, without meaning to include any idea 
of the nature of the magnetic force, takes his 
type from soft iron, and considers that any 
body presenting the like or the antithetical 
phenomena which such iron would present un- 
der magnetic action, is in a like or antithetical 
state of polarity.^ Thomson does not view two 
bodies which present these antithetical posi- 
tions or phenomena as being necessarily the re- 
verse of each other in what may be called their 
polar states,^ but, I think, looks more to differ- 
ential action, and in that approaches towards 
the views held generally by E. Becquerel and 
myself. Matteucci considers that the whole 
mass of the polar body ought to be in depend- 
ence by its particles as a mass of iron is, and 
that a solution of iron and certain salts of iron 
have not poles, properly speaking, but that at 
the nearest points to the dominant pole there 
is the contrary magnetism to that of the pole, 
surrounded by the same magnetism as of the 
pole in the farther part, the two ends of a bar 
of such matter between two dominant poles 
having no relation to each other.’ Becquerd 
considers that polarity may in certain cases oc- 
cur transverse to the length, and so produce 
results which others explain by reverse polar- 
ity. The views of very many parties always in- 
clude the idea of the source of the polar action, 
whether that be supposed to depend on the ac- 
cumulation of magnetic fluids at the chief poles 
of the dominant magnet, or the action of deo- 
trie currents in a determinate position around 
its molecules; and such views are adhered to 
even when the polarity induced is of the re- 
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verse kind, as in bisoanthi to (hat of the 
inducing magnet. Others, like Weber, add to 
Amphre’fihypotfaesisanideaof deetridty, loose 
as regards the partides, though inseparably iubk 
sociated with the noasa of the body under iSOr 
duction. Some, I think, make the polarity not 
altogether dependent upon the dominant mag* 
net, but upon the neighbouring or surround!^ 
substances; and 1 propose, if (he physical limes 
of force should hereafter be justified, to make 
that which is commonly call^ polarity, in dis- 
tinction from the true polarity (3307), depend- 
ent upon the curvature of lines of force due to 
the better or worse magneto-conduction power 
of the substances presenting the usual polar 
phenomena (2818). 

3309. The views of polar action and of mag- 
netism itself , as formerly entertained, have be^ 
powerfully agitated by the discovery of dia- 
magnetism. 1 was soon driven from my first 
supposition that the N pole of a magnet in- 
duced like or N polarity in the near part of a 
piece of bismuth or phosphorus; but as that 
view has been sustained by very eminent men, 
who tie up with it the existence of magnetic 
fluids or closed electric currents as the source 
of magnetic power, it claims continued exami- 
nation, for it will most likely be a touchstone 
and developer of real scientific truth, which- 
ever way the arguments may prevail. To me 
the idea appears to involve, if not magnetic im- 
possibilities, at least great contradiction and 
much confusion, some of which 1 proceed to 
state, but only with the desire of duddating 
the general subject. 

3310, If an ordinary magnet M, Fig. 1, act- 
ing upon a piece of iron or other paramagneloo 



Fig. 1 


matter I, renders it polar by throwing its near 
end into the contrary or S state in the tsmam 
usually understood, and, acting upon a like 
piece of diamagnetic mat^r as bismuth B, renr 
ders it also po^, but with the near end in the 
same state; then B and I are for the time two 
magnets, and must act back upon the magnet 
M ; or if they could be made able to retain their 
states after M is removed (and that is the case 
with I), would act as magnets upon a third 
peoe of magnetic matter as C* Wbm M aela 
upon 1, it exerts its influence, fwxx)rduig to the 
jeedved theories, upon all (to psrisdes of the 
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latter^ biiagkig them into Bko polar pdaHioa N pole of a parainag&diks body would indnoe 


with itscdf, and theae^ oonoatently' with tho 
ttmple assumption, act also upon each other as 
particle magnets, and exalt the polarity of the 
whole mass in its two extremities. In like man- 
ner M should act upon B, polarizing the mass 
and all its partides; for the particles of the dia- 
magnetic body B, even to the smallest, must 
be curated upon; and we know experimental- 
ly, that a tul^ filled with powder^ bismuth 
acts as a bar of the metal does. But then, what 
is the mutual action of these bismuth partides 
on each other? for though all may be supposed 
to have a reverse polarity to that of M, they 
cannot in that case be reverse in respect to each 
other. All must have like polarity, and the N 
of one particle must be opposed to the S of the 
next particle in the polmity direction. That 
these partides act on each other must be true, 
and Tyndall's results on the effect of compres- 
sion have proved that by the right means, 
namely experiment. If they were supposed to 
have no such action on each other, it would be 
in contradiction to the essential nature of mag- 
netic action, and there would remain no reason 
to think that the magnet itself could act on the 
partides, or the partides react on it. If they 
acted on each other as the magnet is supposed 
to act on them, i.e., to induce contrary poles, 
then the power of the magnet would be nulli- 
fied, and the more effectually the nearer the 
partides were together; whereae Tyndall has 
t^own that the temuth magnetic condition is 
exalted by such vicinity of the partides, and 
hence we have a further right to conclude that 
they do act on, or influence each other, to the 
eocaltation of the state of the mass. But if the 
N-ness of one particle corresponds to, and aids 
in sustaining and exalting, the S-ness of the 
next particle, the whole mass must have the 
same kind of force; so that, as a magnet, its 
polarity must have the same kind of polarity 
as that of the particles themselves. For wheth- 
er a partide of bimiu th be considered as acting 
upon a nd^bouring particle or upon a distant 
partide of bismuth, or whether a mass of par>* 
tides be considered as acting on the distant 
partide, the action in both cases must be pre- 
dsdy of the same kind. 

8811. But why dboold a polarized particle of 
bkunuth acting uj^n another partide of Us- 
tnuth produce in it like polarity, and with a 
IMitticteof iron produce a contrail polarity? or 
nAy diouM masses of bismuth and iron, when 
act as magneta <88}0)i produce such dif- 
eSdrts? If such were (te case, then tiie 


an S pole on tiie near end of an iton rod, wfailsl 
tiie N pole of a diamagnetic body ptoor 
dues a pole contraiy to the former, an N 
pole at the same end of the iron rod in the same 
position and place. This would be to assume 
two kinds of magnetism, i.e., two north fluids 
(or electric currents) and two south; and tke 
northness of bismuth would differ from the 
northness of iron as much as pole from pole. 
Still more, the northness of bimuth and the 
southness of iron would be found to Imve ex- 
actly like qualities in all points, and to differ in 
nothing but name; and the southness of bis- 
muth, apd northness of iron would also prove 
to be absolutely alike. What is thia in fact, but 
to say they are the same? and whV should we 
not accept the ccmfirmation and unmihng proof 
that it is so, which is given to us experimentally 
by the moving wire? (3307, 3356). \ 

3312. If we employ a magnet as tm original*^ 
ly inducing body (3310), and entertain the idea 
of magnetic fluids accumulated at the poles, 
which act by their power of attracting each 
other, but repelling their like, then tine incon- 
sistency of supposing that the north fluid of a 
given pole can attract the north fluid of one 
body and the south fluid of another, or that the 
north and south fluids of the dominant magnet 
can attract one and the same fluid in tasmuth 
and in iron, Ac., is very manifest. Or if we act 
by a solenoid or a helix of copper wire carrying 
an electric current instead of a magnet, and 
find that analogous effects are produced, aie 
we to admit at once that the electric currents 
in it, acting upon the assumed electric circuits 
round the particles of matter, sometimes at- 
tract them on the one side and sometimes on 
the other? or if such bodies as bismuth and 
platinum are put into such a helix, are we to 
allow that currents in opposite directions are 
induced in them by one and the same indudng 
condition? and that, too, when all the otiier 
phenomena, and there are many, point to a 
uniformity olaction as to direction witii a vatv 
iation oidy in power. 

Media. 

3813. Letusnowconffiderfor atinietheac^ 
tion of different medtd, and the evideiiee they 
give In respect to polarity^ If a weak eotutkm 
of protosulphate of inm,^ m, be put inloa se^ 
lected thin gjbuw tube about an faidi kmg^ mi 
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oiie^Uid or one^cmrth of an ifi«h k 
aiid healed op harmetie^ (2279), aad balhen 
stufpeiided horisoiiitally b^ween the magtieitie 
poles in the air, it will point axially, and behave 
in other respects as iron; if, instead of air be- 
tween the poles, a sdution of the same kind as 
m, but a little stronger, n, bo substituted, the 
solu^n in the tube will point equatorially, or 
as bisniuth. A like solution somewhat weaker 
than m, to be called /, enclosed in a similar 
tube, Will behave like bismuth in air but like 
iron In water. Now tliese are precisely the ac- 
tions which have been attiibuted to polarity, 
and by which the assumed reveise polarities of 
paramagnetic and diamagnetic lx)die6 have 
been considered as established; but when ex- 
amined, how will ideas of polarity apply to 
these eases, or they to it? The solution / pmnts 
and acts like bismuth in air and like iron in wa« 
ter; are we then to conclude that it has reverse 
polarity in these cases? and if so, what are the 
reasons and causes for such a singular contrast 
in that which must be considered as dependent 
upon its internal oi molecular state? 

3314. In the first place, no want of magnetic 
continuity of parts can have anything to do 
with the hiversion of the phenomena; for it has 
been shown sufficiently by former experiments,^ 
that such solutions are as magnetically contin- 
uous in character as iron itself. 

3315. In the next place, I think it is impos- 
sible to say that the medium interposed be- 
tween the magnet and the 
suspended cylinder of fluid 
can cut off, or in any way af- 
fect the direct foice of the 
former on the latter, so as to 
change the direction of its 
inter^ polarity. Let the tube 
be filled with the solution m, 
thenif itbesurrounded by the 
solution 2, it will point as iron; 
if the stronger solution n sui*- 
round it, it will point as bis- 
muth with sufficient care 
a succession of these fluids 
may be arranged as indicated 
b 9, 5, where the out- 
lines between the poles rep- 
fmeo/t the fonns of thin 
Itotighs, and the letters the 
solutiotiBinthem. InFtiif. jSweseeihattheao- 
llieil on m is the same as that on and the 
pobting of the two portions is the same, i,e., 

nmthei' hm the action on m been 
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altmd by the power el the poles haebgr to 
traverse n, m' and n'; and in wesse ttwt, 
uiKlerlikecircuimrtsmcesof thep^ m^pohito 

as bismuth and m as iron, thou^ they are the 
same solution with each other and with 
former m solutions. No catting off of power 
by the media could cause these ehanges-Htep^ 
etitions of position in the first case, and inver- 
sions in the second. All that could be expected 
from any such interceptions would be perhaps 
diminutions of action, but not inversicsis of po- 
larity; and every consideration indicates that 
aU the portions of these solutions in the field at 
once have like polarity, i.e., like direction of 
force through them, and like internal condi- 
tion; each solution in its complex arrangement 
being affected exactly in the same way and de- 
gree as if it filled the whole of the magnetic 
field, although in these particular arrangements 
it sometimes points like iron, and at other times 
like bismuth (2362, 2414). 

3316. These motions and pointings of the 
same or of different solutions, contain every 
action and indication which is supposed to db 
tinguish the contrary polarities of paramagnet- 
ic and diamagnetic bodies from each other, and 
the solutions / and m in air repeat exactly the 
phenomena presented in air by phosphmnis and 
platinum, which are respectivriy diamagnetic 
and paramagnetic Substances. But we know 
that these actions are due to the differential 
result of the masses of the moving or setting 
solution and of that (or the air) surrounding it. 
No structural or internal polarity, having op^ 
posite directions, is necessary to account for 
them (2361, 2757). If, therefore, it is still nmid 
that the solution m has one polarity in I and 
the reverse polarity inn, that would betomate 
the polarity depend upon the moss of nt inde>^ 
pendently of its particles; for it can hardly be 
supposed that the particles of m are more 
fected by the influence upon them of the sur- 
rounding medium (itself under like inductive 
action only, send almost insensible as a mag- 
net), than they are by the dominant manget,^ 
It would be also to mtake the polarity of w as 
much, or more, dependent upon the stttround- 
ing medium than upmi the magnet itself; and 
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it would be tomaJkiethemaasesof ntaaidlaad 
even their form the determining oauee of the 
polarity; which would remove polarity alto- 
gether from dependence upon internal molec- 
ular condition, and, 1 thi^, destroy the last 
remains of the usual idea. For my own part, I 
cannot conceive that when a little sphere of m 
in the solution I is attracted upon the approach 
of a given magnetic pole, and repelled under 
the action of the same pole when it is in the so- 
lution n, its particles are in the two cases polar 
in two opposite directions; or that if for a north 
magnetic pole it is the near side of the particles 
of m when in I that assume the south state, it 
is the farther side which acquires the same state 
when the solution I is changed for n. Nor can I 
think that when the particles of m have the 
same polar state in both solutions, the whole, 
as a mass, can have the opposite states. 

S317. These differential results run on in one 
uninterrupted course from the extreme of para- 
magnetic bodies to the extreme of diamagnet- 
ic todies; and there is no substance within the 
series which, in association with those on each 
side of it, may not be made to present in itself 
the appearances and action wUch are consid- 
ered as indicating the opposite polarities of 
iron and bismuth. How then is their case, in 
the one or the other condition, to be distin- 
guished from the assumed polarity conditions 
of bismuth or of iron? — ondy, I think, by as- 
suming other points which b^ the whole ques- 
tion. In the first place, it must to, or is assumed, 
that no magnetic force exists in the space around 
a magnet when it is in a vacuum, it being de- 
nied that the power either crosses or reaches a 
locality in that space until some material sub- 
stance, as the bismuth or iron, is there. It is as- 
sumed that the space is in a state of magnetic 
darkness (3305), an assumption so large, con- 
sUering the knowledge we have of natural pow- 
ers, and especially of dual forces, that there is 
none huger in any part of magnetic or electric 
soience, and is the very point which of all oth- 
ers should be held in doubt and pursued by ex- 
perimental investigation. It is as if one should 
say there is no light or form of light in the 
space betwe^ the sun and the earth because 
ttot space is invisible to the eye. Newton him- 
sdf durst not make a like assumption even in 
the case of gravitation (3305), but most care- 
fully guards himself and warns others against 
it, and Suler* seems to follow him in this mat- 
ter* Such an assumption, however, enables the 
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p^ies who make it to dkooiss the considersr 
tion of differential effects when bodiesare placed 
in a vacuum, and to divide the bodies into the 
well-known double series of paramagnetiG and 
diamagnetic substances. But in the second 
place, even then, those who assume the reverse 
polarity of diamagnetic bodies, must assume 
also that the state set up in them by induction 
is less favourable to either the exercise or the 
transmission of the magnetic force than the 
original unpolarirsed state of the bismuth; an 
assumption which is, I think, contrary to the 
natural action and toal stable condition into 
which the physical forces tend to bring all bod- 
ies subjept to them. That a ma^et acting on a 
piece of iron should so determine mid dispose 
of the forces as to make the magiUt and iron 
mutually accordant in their action! I can con- 
ceive; but that it should throw the bismuth in- 
to a state which would make it rep^ the mag- 
net, whereas if unaffected it shouid\ to so far 
favourable as to be at least indiffercm, is what 
I cannot imagine to m 3 rself . In the third place, 
those who rest their ideas on magnetic fluids^ 
must assume that in all diamagnetic cases, and 
in them only, the fundamental idea of their 
mutual action must not only be set aside but 
inverted, so that the hypothesis would to at 
war with itself; and those who assume that 
electric currents are the cause of magnetic ef- 
fects, would have to give up the law of their 
inducing action (as far as we know it) in all 
cases of diamagnetism, at the very same mo- 
ment when, if they approached the diamag- 
netic bismuth in the form of a spiral to the 
pole, they would have a current produced in it 
according to that law. 

Time 

3318. 1 will venture another thought or two 
regarding the condition into which diamagnetic 
btoies are brought by the act of magnetic induc- 
tion, in connexion with the point of time. It ap- 
pears, as far as 1 remember, that all natural forc- 
es tend to produce a state of rest, except in cases 
where vital or organic powersare concerned; and 
that as in life the actions are for ever progres- 
sive, and have respect to a future rather than 
apresentstate (Paget), soallinor^antc exertions 
of force tend to bring about a stable and perma- 
nent condition, having as the result a state of 
rest, i.e., a static condition of the powers^ 

3319. Ai^lying this conskleratioii to the case 
of bismuth in the magnetic field, it seems tome 
more like the truth of natu re ttot the state as- 
sumed by the bbmuth should he one more fa- 
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vourable to the final and atatie emreiae of the i^obe rf binauib be {riaeed erithout frMioo ta 
power of the domhumt magnet upon it* than the middle of the magnetie field, it will 
that state belongmg to the bismuth before it poizit or move because of its shape; but if it 
h ad suffered or undergone the induction ; ex- have reverse polarity, it will be in a state of txor* 
actly as in soft iron we know that before it has stable equilibriim; and if time be w elmxM^ 
acquired the state which a dominant magnet then the baU, being once moved on its dm ever 
can induce upon it, it is not so favourable to so little, would then have its ^larity indiim 


the final static condition of the powers as it is 
afterwards. Now it is very manifest, by num- 
erous forms of experiment, that time entei^ as 
an element into ordinary magnetic and mag- 
neto-electric actions, and there is every reason 
to expect, into diamagnetic actions also; and 
it is aJso well known that we can take advant- 
age of this time, and test the state of a piece of 
iron in the magnetic fidd before it has attained 
its finally induced state, and afterwards; as, 
for instance, by placing it with a helix round it 
in the magnetic field and quickly connecting 
the helix afterwards with a galvanometer, when 
a cunent of electricity in such direction as to 
prove the truth of the statement will be ob- 
tained. In other forms of experiment and with 
large pieces of iron, the time which can be so 
separated or snatched up during the act of pro- 
gressive induction will amount to a minute or 
more. Supposing this could be done in any sen- 
sible degree with diamagnetic bodies, then the 
following considerations present themselves. A 
^obe or bar of bismuth in the magnetic field 
may have its states, before and after induc- 
tion, considered as separated by a moment of 
time; if the induction raises up a state of po- 
larity the reverse of that of the magnet, then 
the bismuth ought to be more favourable to 
the determination of magnetic force upon it 
6e/orc the induction than after; whereas if, ac- 
cording to my view, the polarity is not revers- 
ed, but is the same as that of the magnet, the 
metal ought to be more favourable to the de- 


to the magnetie axis, and woidd go on revohr« 
ing for ever, producing a perpetual motion. I 
do not see how this consequence can be avoid- 
ed, and therefore cannot admit the printiples 
on which it rests. The idea of a perpetual mo-* 
tion produced by static forces is philosophical- 
ly illogical and impossible, and so 1 think is ’the 
polarly opposed or adverse static condition to 
which I have already referred. 

8321. It is not necessary here that I should 
refer to the manner in which my view of the 
Unpa of magnetic force meet these cases, for it 
has been done in former papers (2797, Ac.); 
but I will call the attention of those who like to 
pursue the subject, to a true case of reverse po- 
larity in the magnetic field {Erperime^ ffs- 
warches, 3238, Fig. 15)^ and there they will 
easily see and comprehend the beginning of the 
rotation of Professor Thomson's bismuth globe, 
and its continuance, if, as supposed, the polar 
state represented in the figure could be contin- 
ually renewed. 

3322. When the north pole of a magnet re- 
pels a piece of bismuth in a vacuum, or makes 
a bar of it set equatorially, and is found to pro- 
duce like actions with many parama^etic bod- 
ies when surrounded by media a littte more 
paramagnetic than themselves, and with as 
many diamagnetic bodies when surrounded by 
media a little less diamagnetic, it would sem 
more cautious in the first instimce to inquire 
how these latter motions take place, and how 
it is that parts, which with the paramagnetics 
have certainly been brought into a south con- 
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“X^dttction 4aii Wore. BeUeving this to itionby thenortheadof 
baMieiroerimetttwhidi would settle the ques- it; and to apply these re^tem tto first^ 
tkm of Kverse Dolarity and perhaps the eidst- stance to tiioee obtained witii bismuth in a 
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enw OT dpl^ and yet an exceptional change astoMb- 
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ways, and es^ u-iuSwaumth between ity, without any cause assigned lhan, or any 

and polarity in another foim. If a ar 



